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1. 1XUC®HIC

KA GHEEFBECHEEIC L2 EREECEEEEHRIC
BADBHFICRBEINTVED, 2h50BEDOEE—
Bl A, B A EER T, PIEEY, S WITHE, 7Y vy —
FE I E-T, ZNENBL-IHIRZ VLS L%
BERLTVE, 20D & EESOMENEEY 5 R,
BEOREEEFESC L ANVERNY VENRL LD T
H5B, KT Lk U4 DERE % € 7L L 12881
FICEE T 2EEEREEWNEEL, BEOLARVES
FERYCEBLT, ABHEOREN S BEELXDOT T
BOGHEELXPELINDEELZFANL L 2ANE
LTWa,

BE DOFHEICB 9 5L, REICMAEREER T P EE R
EREICEUCESBBE SN, Lo, OFMENTE AT
E12H, RATIHERGHEORELERHINS LH I
BoTETWH,

F.J. Langdon (3 AHEE 2 1 RFAEIC & > CEEIM
BRI L DA TEIHEE (nuisance) AN, HBENOD
ZEIREE T IR ERE L Lo X Leo EEWHEBIZRT
2, IEEHERNAOBRET I INSIC L > TIEERNY
KD EEEOREILTE LN ERRL, 30K (tra-
ffic composition) % ZE U 1-{5@BERTH B &5 R
U8, C.G. Rice 13fii BT ORITRIOHE %
fthDBFFE & HLEFE U, Le, X NEF OFMZRL T
WABM, ThsIXEBIRTEHOARE 2 n 3¢ 5068
Mnd s ICEBEBELTNSY, £17, MEKR
HEERRMBEE ICB L A OB MIEE % L
U, Leq (dB(A)) & B Hh—ANEREBOFM%Z S5
ZBM, FUW Leo fHTIIRMERT ISMEREET L0 D

F) CCTBBEELNVOEMARELTCWAIERT AbE
FEtE, REEH, THEREZHEREIFS:,

AR DOEEBIC D>V TIE, XWE10) 11) 12) iKHELTH 5,

*REARYE BE

*OREAKRE g - 1T
(FBM594E 8 A 6 AEFSSHA, MEFI604E3 H 20 ANTERSE
H, EERIRIEA 60 411 AkA)

x B fee*

IE258
Esm /N K B A**

DI

HELBUON, ThHoDEABRTICERTE 5461813
BEUIFTRROP O L2 EHELTVSY, R,
Rylander 5 3R BEFT A MR E LT, ELINVF—T
HIBBEEIC & - T annoyance RIEMZE(L LY, Leg i
BRSNS —E T HNiL annoyance & BIOEEE 2 R
s, BEODEWEEN S annoyance ICEE T B & HR

LTY, EXANF—E%BKRET L 2. K B, Ras-
mussen |38 M2 BER T & annoyance DRAR 2 @B EH
EDBIETHND eI, ALEZHWTERZTL,
Leq X Lyp 2 & - T annoyance # 5HMICFHITE 5
ZEERLEY, UL, BBRSHOHBIZONTI,
Leg WiRBEKE L BICELT EBHELAICEIATN
W, G. Labiale 13 Lo, —7E (50~60dB(A)) d&ft
T annoyance & b 7 v 7 @BHOBEERIL, Ty
7 BBHHHEINT Hid annoyance £ 3iNL, < OEIH
WBERBIESKEVWIEEFEETHSH L ERL, FTv 7
WBEICE2HENFNTH B EHMELTLBY,

INHOHFYICHBL TV A AL, EREERIC
& % %X @ERTE D annoyance S DA M £ R L T W
BRE, Lo WENIFHMEEECTH S EE2BHTIIV
B0, AT, BEREH/L EORMBFEIC L 26
EPHMRNTHHLEARLTVSEATHD, ThHdD
MRTCERBEFT2WNRELTVBHICRERS (&
BEH) 315 2ELUTORVEETHS, 12,
ERFRFOBERNRM & L TEHRER L 2B EVIIF &
AET, A—FBO'HFEONTH S, BRI
BETH5,

BERRBERE CMEME TN ORTOERIL, flx
WS WITEFOREREE 1 R/MIBETHY, 351
TV vy —E R ETIIHE/MEEICETRATVS,
AWFFRIEHGR U o TR M SR ry, SmBESER T %
MEEFTHOTIEEL, BRERTO &S 2 RERK
ODHEBHIDREOVEFHEP S WVITEERT) vy —FD
FOUERERETETENRELTHY, KERKLE
Biclmssim/HETcELTWD, £, BEERRMS
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DBVICEHERBRET D101, ERTEBEEREIC
LEEOEERITOhE TS, ERER, S 4 BOIEE
MICBREOHEERP»E LS EEHEROBR % T
U, S5 OBHEEICEIEROERELELT
N5,

BB, BUVNNVOREZRE L TEEREANDEEL
EHZTY, BBREO/NS—VF T4 LEEI GRS
DEBEERRED ETIMAD Y ELH505, Kif
TIIFERERR NN =V F ) T4 O ELZFRIZTEDT
Wi l, PREEOCRSRBICLAPEERRPELEOD
EIBFRREAGEZ SNV~ TEEGTEBLIEILDTH
5,

2% B

2.1 EBRHHE

B U 2t oBged - 2ic iz s, EBRFEELLTHT
oY~ E Oz, RERICER LI T T —-RE
#Fig lIZiRd, A7 TY—-0ONEWE [FEFITU»E
s (RFELW)] 25 [ForKUeFEilhbil
D A(RrFELLAL)] FTOERBTHBH, BRE
DBRROKE. EF D01, &H7 7)) —0FEOR
BEZRT, SOIK[FBIIR[E -1 ]DAHT T —
SO LBBLREBLREL T, 2T I3EEE LK,

2.2 WEREDB LOEESRNG

EBRPHFHREIITO Y AERIREN S EE L 2 @5
(REMARERRE NETRERR), JEBENLE
¥x 208 (HEEHSE) 04BHEEL, FhENEE
IR ABFL AV E 2BEE U, $4bb, £
BT SBWEOERENE LD, CNHORETOREFD
PRREERS, WEREEE Tablel ioRmd, =9, HEEMHME

Ex2TOEBFEREZERL, NWFERITERRNIEED
EREERELI,
WEREDEABUIL 26 ZTH B, CDI L3641
B—HBREPSEEHEL VS, UL, EREHFMOER
AU D13 <, EHEIERED L., 60dB DA L REBIEE
D Leo 70dB OHBAD 6 ZEEAE KT, fhDHEIX]
~3EBEOEETH LN S, BERZEOWEBRE LT
BOEAEREARLTRVTH A, HEBRE IS IC
BREMBVERDHHSNS10RBLUT220ROBRESE
T, DEEFEERO I HORRSIEILZ T TN,
2.2.1 ERHIEXE
HEMARERBRICIAATES v Ly v MR
ED T —7RERAL, BRLVAVIGEEENAY-HHE
ETCREESHOFEHY -2 LAV % 75dB (Flat) (Y
4 LR-04, fast) & Utz SO L ANV IEFIRER AT
T, BOEIRTOULANELTHELILDTH B,
XETHRERBHOT -~ 7IEEEL, ZORFIEMEE
hni, PhicTtbBEAXAoN3 L2283 LVWHEDE
MXThbd, X&EY X MD—fl% Table 2 1277%, X&E
DOBELVANVRBXEOFEHY Y~ 7 L~X)v 70dB (Flat)
EUL, BEUVARNVIFHERDERY» H, XETRE
DEERBICIFEAEHBLIEVWL NV E LT Leg=60
dB &, fEERBICERICHETHLANE LT L=
70dB (&b iz Flat) @ 2 BeBE Uz, BERMEEDE
HHERLUTHEHPRE S NETHEZ M TS,
2.2.2 FEEERMIEZE
JEREFAWERE U CEELHRBLRA LI, §IRIEA

Table2 An example of a list of sentences

1 B SIWEGEADI ETET M,
2 YLV 2B LTELZHE ] 25T &,
3 BRI F&HT Mo
1. hf~oBEECO BT, @ﬁ&f‘&%ﬂﬂ’?ﬁ'f@‘b
4 FTHOERGEEDIECSH O E T o,
| 1 :z %34'u{ 5=s=7 %8= glrw%n:lziwJI 5 U NGO T I,
£< BEAEZ HED PP bHEO EBK 8 RMRORFFEMUEITTAL,
CeEEnsnn [—— 7 HBOREREFS L ETT .
8 La— N EE2LTOE T,
2. fEEFOPHIELIEOVT, 9 BDALTONEELSHIPENTE D,
10 BB HERNE T h,
1 2 3 4 S 6 7 0 11 12 13
—tttt——t—t Ll BEEEY 7y — R L ENS0E TN,
2< BEAE HFEyp PO msbL E® 12 FHETEEETEIMEHETE D,
PHELLIARN PHEL 13 BEEUBBOMGRD Z & T,
14 A DFEHBE WL 5T W,
Fig.1 Category scale 15 1 [ R B G 4 v,
16 WERIET V7 KBEILH D L 42,
Table1 Task conditions and number of subjects 17 ERAE- IRYARE S E QM
18 MUEMTE- T E 4 A,
Task Noise level Presentation time Number of i .
(Leg (dB)) of noise (min.) subjects 19 iliHLEOPTE N,
Articulation test 32 2 gg 20 FBNS ] ZHTRI Lk 4 2,
Auditory . 21 La— FIA0L »h 0T g dh,
. 60 30
Intelligibility test 20 8 3 22 EvbI-UEIORDOATLLS b
calculation :g g gg 23 HRKEMEKRTES O FARTE 2,
Non-auditory s 24 WL &L T4 H,
) 2.5 53
Reading 70 2.5 50 25 ey PMEENYITI L ELSHENN,
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Table 3 Physical characteristics of used noise

Frequency characteristic Pink noise

Triangular
Form of level fluctuation [Rectangular
Steady
Range of level fluctuation, W(dB) 20,40
Repetition rate,RR (Hz) 0.25,1,4
Presentation level (dB) Leg=60,70
@
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Fig.2 An example of time pattern of noise
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Fig.3 1/3 octave band analysis of noise presented in anechoic

room

H-7LyXYy7 A MNERBEO—HTEEBMINE
T, RERKICEBOEbEOMEOEHDO—HBEZE
ASHI, RREICEHREBCROIOLEN—FENEHDEL
T, PO 35 AZEFULBITK D HERMED 2N
BHOEIGHEMO B U, HBREBICIABTEZLTEBL 23
HEEEDIHIT, NEORDIZZOARFIISIHOLYL

EEAE 3 >OBIE LTEZ TRE S, HEOE

HERERE U CEHEBEREBOW LY, EBOF v 713U
TSV, 4B, B ISFERERICHLE T DI L
W,

2.3 BEORESRM

BEOYER = Table 310, BEOEE /¥ v D—
Bz Fig2il, BERLEDLBREOHBEKELE%
Fig. 310" T, BEVANNVIIEBIECRERKOHE %
il 9 2 72 O ICHIR D DTFED S0 L BIREIC Leg & —
EE Uz, BEED L OREDNBIFHHR OERD» 5B
BaXhrELIRISOEMSPFINSZBEATRE L
1o LAWEBR ISR A ORI TH 5, KER
Ho/hs WZARES SERGBRET ICEMULTHB,
REEBPEHSKEL 2B >N THEEFRTIOES <, &
fo, BIEREFT I L A0 - LB TA 0 W2k 2 Wik
FETHY, REMBIPAEL 55 EEEEHESELS,

Anechoic room

(for noise)
Attenuator
LEADER LAT-45|

Tape recorder
NAGRA 4.2
I

(? 1.35m <> Amplifier Audio mixer]
| —1 PIONEER TEAC M-2A
SA-89001I
VICTOR GB-1H Tape recorder Function
O G TECHNICS lo | o generator

Speaker
RS-1500U0 WAVETEK 185
E] (for auditory task) (for non-auditory
task)

Fig.4 Schematic outline of set-up

2.4 EERFHX

COERTUBERBEAPERLRLELID 2HEDL
Sl S &, PER (disturbance) % [Uw F il 5
ERRUIIRE], 2 F L& (noisiness) % [BEFIC &
AR EEFELL, IhsDESICEARICEES
NEERBSELRZVD, CCTREDEIICERLTCHE
HTEELILDTH B, £17, Ths 2 D>OBEILHET
OB THW SN TS annoyance DFEED—ER
é:%?j{'b *LZ§18r~w)°

BEEICHBOFHE XU TDOEBY TH S,

9, HEBREICBRES A, (EEICIIE5I R % R
TEHIELLEBROKBLGHEL TITL, EERTHRIC
FENDHERE D JFOEERICRLILPPE LA
Fig. 1 iR d BEBOREBETHMT 5 LD ITIERL
flo EBRIE3~5ZF DI N—TTEIITo1. BE
ORNEFR LT v 5aE L, BBREISN—-TITEIZEN
ENRIL D, KEBRITK - T, HEREDHIMELEDRE
VEERBHEOEED L HIC, 3EHEOMIN SRS —
EHEE, L8R 20dB KERI% 0.25 Hz 0 = AR S,
ZEIE 40dB RERK 4 Hz 0EERBEE—2 BV T
HEREZT- 1,

BEETEOFH2OME L, BHETHMABERRE X
BTYMEABRTCIBEREDEF 2EELT, 2hEFhER
FUICREZANT, 2EICH T TEREF- 17, EERIC
BRI ESHERERBR T 1 FEE, XETH
ERB TN IERTH S, 4b, BEH) X MRXE
YA NDIEF R E SNV — T EICT VS LTH D,

STEVEETIIETERR % 3 O/, KO TIREES HEkE
DIRL, HREIC20 SEDKEZ AN TRETH 2 R
F, HEFETIHRBEMZ 2 9%, KBS HEZROK
U, FENC 1S DEIOKREZ 133 H, 2ETH2EMT
Hb,

Fig 4 KEBREBOBK Z2RT, BEEAEEDHEIC
BEBRESLBELZA-—T4 A IFY-—TERLT, &
A AE -2 58R U, IEEENEEDRISR &R
TOERICIWE1kHz D b= N—=X M EHWTZ,

3% B

3.1 PBEEERPLELUIOEMRE

KEREICERBELZ T 572010, KRBT
BHT ) —OHMDHEHIERIHTH S ERELT,
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HF ) —ORELETY, ThEHEICLTHTITY —
TH0ETHEMREZ R Y, Fig.5~Fig. 20 12k
HRE-ZHBEROMNIEEZRT, SRIOLR DY)
EEF LR ELSOEMRE, AGHlOKREIIEER
BTHb, £, KBEZAKRERS, HRIEERES
DBEERL TN D,
BREBOE#RZE(S.D.)BEDORMHTHRELL,
EMRETS.D.=0.8~1.308HICHY, ZEF1TH
b, CHEBERECIHEIFS.D. =2 12B4¥LTVS,
3.1.1 HEMPREABRIOYELELPELIOD
B R

(1) Z#EoEE (Fig.5, 6)
BEHRELEHIEE OBFRTIE, BE LV ANNA Le
60dB D& &, HHEEREBIIEHREE & HITHEINT 2
ErarsRonsdy (Fig.5(a)), BBE L NI Le 70
dB cidmiicmd v A EmICH 5 (Fig.6(a)), XHhE
LEREFLYEEREMBOEE LRIEOEEZRLU T
WBY, HEEREMEEICEZE 320 (Fig.5(b),
6(b)).

(2) REDKoXE (Fig.7, 8)
REEEHEDRRTIE, L, 60dB D& SHERE, %

RR (Hz) RR (Hz)
— 0.25 0.25
15p ——-mem g 1 LSF —m——— 1 410
— —_——y
K
b + 2 e
o
3 Lop g R0 9
c - a n
Q @ H 9
a 2 g ]
T E = €
3 F » 3
@ z 2 z
© 9.5t 0.5F
N 1 I 1 1 1
= 30 I = 20 o
W (dB) W (dB)
(a) Disturbance scale (b) Noisiness scale

Fig.5 Relation between scale value and W (articulation test,

Le=60dB)
+410
Lsh 1" L5
2
® o ™.
o K = 2
b AN 4o
gt or 493 E‘O' \,\/' \\\\\ 8
& 5 3 Rec. N |8
o o [ Ee)
v € ‘@ 5
2 3 = 3
o z 2 z
Qo 5k RR (Hz) 0.5 RR (Hz) 48
—_—0.25 0.25
————— 1 ———1
—— —
1 1 1 0 i
* = 20 rod 0 20 re
W  (dB) W (dB)
(a) Disturbance scale (b) Noisiness scale

Fig.6 Relation between scale value and W (articulation test,
Lee=70dB)

_.4_

PEULIOREMIIE S ICEAREBTORERE 1 He
TRKELZ->TVBY, BEREE X1 Hz T/hal
BoTWALOLREERBOEME EHITHBDILTWVS
LDNHB (Fig.7)e F12, Lee 70dB TR EMEIE
ERRE S OLBIE 40dB, RERK4Hz TLRELT
WAEN, EIXTREBKEEBICHILTVS
(Fig.8),

3.1.2 XETRERBHOBEELCHE L 2ODHE

BERE

(1) ZEBiEoXE (Fig.9, 10)
HEEREMEEMBEOBRIE, Lo 60dB TI3EE
REFOHAICBYEEREBEOLRBIRIC & 5 HEnER
WBEETH HH, ZARRETOHA IS LI EE
REFEEPETLL, ERTLODULREVEETH
% (Fig.9(a)), Lo 70dB T3 EREIRES O RIEE K
0.25Hz 5 L UF 4 Hz TEEIFE 40dB OFEICHML T
W5 H5, fhDBHEICIIEHBOEMICRKY, FLU B
LTwd (Fig.10(a)), ®»F LI REBEEEHIRED
MERLEEREECLSRELEOBFREFLLTVS
7, Leq 70dB MIFEITIIE(LE & /& W (Fig. 9(b),
10(b)), Th o DEFPNIBEFEHABRERBROLE LD

W (dB) 1o W (dB)
L5 20 1.5 —— 20 410
R Y R S 40
o
© 2 @
b 8 s
gr.of ar0f 8
w
5 2 £
2 2 z
=]
0.5F 0.5
1 1 1 1 1 1
0 0.25 1 4 7 0 0.25 1 4 7
RR (H2) RR (Hz)
(a) Disturbance scale (b) Noisiness scale

Fig.7 Relation between scale value and RR (articulation test,

L.,=60dB)
J1o
1.5F e LsE N\ T
Tri A
Y
N,
N, N, s
] N o AN L,
s N © 2 = N o
K N 1
g1:0F TSI 498 ¥rop RN &
b4 >~ - w
< Rec. > H @ N S
£ g ¢ MR
3 g a 3
@ z 2 z
©o.5f Js 0.5 4s
W (dB) W (dB)
— 20 20
------ 40 ————— 40
1 1 1 0 1 i 147
T 1 rasd 1 Y
RR (H2) RR (Hz)
(a) Disturbance scale (b) Noisiness scale

Fig.8 Relation between scale value and RR (articulation test,
Le,=70dB)
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RR (Hz)
0.25
______ 1 49
1.0f
s

K}

@ Q2 @
] i = w
3 a @ 1g @
€ s no.5F 5
a o H @
2 488 =< 2
3 3 2 3
@ z 2 z
o

47 0 -7
1 1 1 1 1
0 20 4 0 20 40
w (dB) w (dB)
(a) Disturbance scale (b) Noisiness scale

Fig.9 Relation between scale value and W (intelligibility
test, L.,=60dB)

. \
o . \\ \\ 0
3 \ N\ - 2 2
o or M~ N\ 98 1.0 s
5} N @ N
< \ \ + o 5
o o o H
Eel \ 2 c
2 3 £ €
3 =1 — )
2 . z = z
o \

o
»
T
_/
1
3
=
n
T

L 1 t Jdg 1 L
0 20 ) 0 20 40
w (dB) w (dB)
(a) Disturbance scale (b) Noisiness scale

Fig. 10 Relation between scale value and W (intelligibility
test, L.,=70dB)

BIICIRN TV B,

(2) REDHOKE (Fig.11, 12)

Leo60dB D& &P EEREMII=ARBTOLEE
20dB DIFEIC 1 Hz THOEFPICKEL LTV B M,
fhOBEICEREBRKEPET IO TR LTV S
(Fig.11(a))o Leq 70dB T3 AMEE 1 Lo 60 dB @
BE LD KEW (Fig.12(a)), ®rEFLIREMER
EEEOBE TS L, 60dB D & &, B HBAMRE R
OBE EFERICRERNS 1 Hz TZAREETIXKE L,
FEEREZTIENE < 2>T 05 (Fig.11(b))o Leg 70
dB T3 % hE LIREMIEERESTD 40dB 054
WW1Hz TN BT VAN, OBEICIIRERNK
DT ERHrE L SREMIIHD T 5 MMEICH D (Fig.
12(b))s,

3.1.3 FEBROBEREPIPELIOEMRE
(1) Z#iEOFE (Fig.13, 14)
PHEELERPFTUIREEIE, Le 60, 70dB &34
ZEMES K E <85 E8IN0, BEEMNEXEDHEERS

W (dB)
20 1°
1.0p —==-—- 40 1.0+
o
)
© ) o [
@ K 3 3
v 2 w -18 @
g20.51 + ©20.51 .
® @ S b
2 —48.2 c ]
. B = E
] 3 B 3
= z 2 z
o
o F -7 0+ W (dB) —7
20
——— 40
1 1 1 1. i
0.25 1 4y 0.2 1 4
RR (H2) RR (Hz)
(a) Disturbance scale (b) Noisiness scale

Fig.11 Relation between scale value and RR (intelligibility
' test, L.,=60dB)

2.
2.0 1 0
W (dB)
20 In
------ 40
1.5 10 1.5k
K 10
3 K < o
Q10 98 Si.ob 3
@ @ @
9 w
H H ¢ 8
el o c -49 2
2 £ £ €
2 S = 3
B z 2 z
Bo.5 8 0.5}
8
0 7 o b 47
1 1
6 0.25 T . 4
RR (Hz2)
(a) Disturbance scale (b) Noisiness scale

Fig. 12 Relation between scale value and RR (intelligibility
test, L.,=70dB)

), LA E BB OE NN S O, 17, IHE

BREMEOR»E LS RE[OAPEEN)ICHMEIC
HbH, FREMOEEIRIC & HE(LEIEDE IS =ARER
FLVEERBETOBEIINELE>TWVS,

(2) REHKOFE (Fig.15, 16)

FREME RERKOBEFRIE, ZAREET I3 1 He
THEICKEL E>TVADIIHL T, BEERERETIIE
EiE 40dB, RERK 1 Hz ot/ N3 < B -THY,
ZEE 20 dB TIdBE RS R s hizn,

3.1.4 BEROPEEERLELIOERRE

(1) ZEEOFE (Fig.17, 18)

Fig. 17 7 5 Lo, 60dB TIRXMREMIIEHES
EREL LY, FOBEMEESIEERETOHEICHE
Thd, £17, FTEEEERRIC, 2o FE U IREMIZY
EEREME OV 2EFMISEMBICH S, L, 70dB TH
60dB & & EFLIOFES R 555, BEInEl&E/h
X,

(2) RERZOXE (Fig.19, 20)
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RR (Hz) RR (Hz)

0.25 0.25
o0.5F 0.5 8
Q ° )
g 3 8 =
@ @ 0 2
9 “©
g 5 3 5
'é 2 e 1,2
50T 5§ =2°r1 5
i z 2 z
a
-0.5[ 0.5 18

1 1 1 i

0 20 0 0 20 70
W (dB) W (dB)

(a) Disturbance scale (b) Noisiness scale

Fig. 13 Relation between scale value and W (calculation, L.,

=60dB)
1.0 1.0
RR (dB)
s
@0.5F 18 0.5
[+ o )
8 2 08 5
o @ » g
Q »
< S w o
B @ ° ]
8 a e 8
50 478 @ o 17§
@ z =} z
a z
RR (dB)
0.25
-0.5} -6 -0.5f ———=—- 1 |
—_——y 6
1 — 1 ) AL
0 76 T 0 20 T
W (dB) W (dB)
(a) Disturbance scale (b) Noisiness scale

Fig. 14 Relation between scale value and W (calculation, L.,

=70dB)
1.0 1.0
W (dB)
20
------ 40
0.5 . o.5f 48
@
Q [
a 3 B ®
o 3 @ B
5] [
< i" B "n
£ o b L
£ [ o 'g £0 _73
2 ] . €
0 z o 3
=) z z
W (dB)
0.5 -0.51 20
------ 40
1 1 L i 1 1
0.25 1 y 0.25 1
RR (Hz) RR (Hz)
(a) Disturbance scale (b) Noisiness scale

Fig.15 Relation between scale value and RR (calculation, L.,
=60dB)

BREMERERNKOBFKR I, =ARES ¢ Fig.
20(a) DEEIE 20 dB OFAED & 5 ICREEIFDIEM &
EBIGEEREESEIMERZRLTVEDHH5
B, tOBPER IR TRERK1IHz cRK&E< 50, 8
ERBEcRENK1IHz c/hNa<<E->TWED, £
12id, REEHOENE ELHICHPLTHS,

3.2 {EXfeR

PRERERE L CORERABRE(%), XETHRE(%),

__6_

0.5 0.5

Number scale
Noisiness scale
o
T
Number scale

Disturbance scale

1 1
0.25 4

=k

1
0.25

1 1
RR (Hz) RR (Hz)

(a) Disturbance scale (b) Noisiness scale

Fig.16 Relation between scale value and RR (calculation, L.,
=70dB)

RR (Hz) RR (Hz}

———— 0.25
0.5F =-—mem 1

—_—y

‘e
w
T

o
T

Noisiness scale
Number scale

, Disturbance scale
o
T
]
3
\9
1
~
Number scale

<o
L%
T
<
N
\
N \’
N\
N\
1
<
.
(=]
v
T

P
v/
— Tri ds 4s
_ i 1 1 ~ ! 1
1.0l L m 1ot s =
w (dB) W (dB)
(a) Disturbance scale (b) Noisiness scale

Fig.17 Relation between scale value and W (reading, L.,=

60dB)
RR (Hz) o RR (Hz) 9
0.25 0.25
0.5 ==--—- 1 0.5p —=--== 1
—_—y s
48
o
i e = °
@ © Q ©
g o <79 @0 473
c . o "
3 @ © @
E+ o [ Q2
5 E = H
2 E = £
i 46z 2 6=
=]
0.5k -0.51
ds 1
- il i 1 - - 1
10 20 40 05 20 %0
w (dB) w (dB)
(a) Disturbance scale (b) Noisiness scale

Fig.18 Relation between scale value and W (reading, L.,=
70dB)
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Fig.20 Relation between scale value and RR (reading, L.,=
70dB) ‘

Table 4 Percentage of articulation and intelligibility, and

number of calculation as performance

Lic7— 2 3EE (D) &xhELE (N)

ICSERRERE = R L, 1EERER (P)

Noise Articulation (%) Intelligibility (%) Calculation
Leq w RR Mean S.D. C.V. Mean S.D. C.V. Mean S.D. C.V. Li Table 4 @ﬁ%ﬁﬁﬁﬂﬁg’ YET%E})‘&
0.25 78.2 4.02 0.0514 98.8 2.10 0.0213 190 34.9 0.184 L "
20 1 76.4 4.54 0.0594 98.1 2.87 0.0293 186 37.4 0.201 UHEAKZHWTWS, b, HEICIIE
4 79.2 5.52 0.0697 99.2 2.17 0.0219 192 37.7 0.196 " e
) b7 1= T ~ —e
Tri 0.25 85.4 4.03 0.0472 98.4 2.22 0.0226 184 39.3 0.214 ERERIZHY T 21080, EEFTDT —
40 1 81.1 2.93 0.0361 98.7 2.80 0.0284 192 40.0 0.208 - .
4 85.4 3.42 0.0400 98.7 2.15 0.0218 185 38.3 0.207 IR ERNBOBERMSEETAh TV RZNLD
60 0.25 82.0 2.73 0.0333 98.7 2.60 0.0263 185 36.4 0.197 AT - +
20 1 83.5 2.80 0.0335 98.9 1.77 0.0179 188 38.0 0.202 T, SWEE» S IIBRVWT H 5, &R %
9 5.76 0. 99.1 1.98 0.0200 187 34.6 0.185 -
. 4 80.9 5.76 0.0712 1 1.9 4 Table 5 I755%,
0.25 81.9 3.60 0.0440 98.0 2.68 0.0273 190 40.2 0.212 "
40 1 82.2 3.56 0.0433 98.5 2.83 0.0287 191 38.4 0.201 3.3.1 ERELOMT DHE=
4 83.5 3.96 0.0474 98.9 2.29 0.0232 190 39.9 0.2i EE LIREBEORRE
Steady 77.1 4.98 0.0646 99.1 ‘1.98 0.0200 191 39.7 0.208 %*ﬁﬁ
0.25 54.8 4.35 0.0794 68.6 12.32 0.180 180 43.1 0.239 <z e oy o= s
20 1 52.7 3.79 0.0719 83.4 9.91 0.119 180 39.7 0.221 BN AR X ST MR B BR D BE RS A AE
4 52.1 5.92 0.114 89.4 8.41 0.0941 175 46.2 0.264 . - s
i T TEILEEENELS Iz
Ted 0.25 67.1 3.90 0.0581 82.3 8.61 0.105 179 41.0 0.229 * » BRFCCCRERENSL LA
40 1 67.2 4.35 0.0647 89.4 6.95 0.0777 175 44.0 0.251 L F AR ASE 2 e LY
4 69.9 4.55 0.0651 96.9 3.90 0.0402 175 40.8 0.233 = bf;ﬁ&/} Ebn ‘;(l (Table S(a)’ (b)’
70 0.25 64.5 5.11 0.0792 71.2 10.72 0.151 175 43.8 0.250 (c), (d)e —H, FHEXZEOIEEEMIE
20 1 65.7 4.38 0.0667 85.4 9.51 0.111 182 46.4 0.255 o .
4 68.3 4.57 0.0669 95.1 3.90 0.0410 176 42.3 0.240 EDBEITIE, TEE (W) EEHER (F)
Rec. .
: 0.25 67.5 3.67 0.0544 76.1 13.23 0.174 176 46.6 0.265 .
40 1 69.4 3.97 0.0572 87.4 8.51 0.0974 178 41.4 0.233 DEHRIZIFIELAE p<LO.01 TEETH S
4 76.2 3.58 0.0470 96.0 4.43 0.0461 177 42.1 0.238 . L .
s P o
Steady 43.0 5.32 0.124 72.4 17.46 0.241 181 42.6 0.235 », REEDXK (R) OF%EIL L, 60dB T
S.D.: Standard Deviation C.V.: Coefficient of variation 0)%’1‘%:{/}5%@17%%%&%(4\'(, ﬁ:’%{& Li%if;
Tri.: Triangular Noise Rec.: Rectangular Noise

CHEWMSN TS, EAEEE 2 /1%, ZHFRKLN
XITIF0.025BETH B, LML, Lo 70dB TIEF
1813 68.6~96.9 % EEBBERIC LA TS KEL,
BERRE, BHRNEDCXETRESEVEFEKREL
BAMEANR SN S,

SHEEBIL Lo 60dB TIZ 190 FIBTH B DI L
T, Le 70dB T 13 180 Hiif% T 10 BIEE ORI & 1 &
b, BEHERFEL Lo, 60dB T3 35~40, L., 70dB Tk
40~47 OFHE, EHEHTRNIL L, 60dB ©0.18~
0.21, Leg 70dB 7 0.22~0.27 D&BRIZH VU, Leq 70
dB Tt 5D k&N,

3.3 HESH

BEREMBCIFEERDOEGHEORAEERE R T B
I, EENER(W) XEBER(F) X RERH(R) X #HEB®RE
(S) @4 TEHEBEDOHEAN ZIT - 12%%, HHTICEM

Vo F, FEXHERICIIEHER (F)
EREEE (R) OREEAIL p<0.01 TEETH D,
RIEEHICEBENEBERICE>TRLES I EERL
Tk, Fig.15, 16, 19, 20 DZ{LERIEFFBEL 2L
(Tables(e), (f), (g), (h)),

3.3.2 {EEMBOEEERE

Leq 60, 70dB TOHEMIABERE & L, 70dB T
ONETHERRTEERENRANBN, L, 60dB T
DNETRERBTIEREZEIRONL L, L, 60dB
TOFHBEETIXREERIC p<0.01 THEZODOE®
HENBLDNH BN, 70dB ¢ p<0.01 TIHEEEIL
BHHNZN, INHDIEMS, L, 60dB TtOXE
TRERBRRHE - 5B OBE EHMEHIC I ZBE R K
EREFC L > TERRERICGEICFRES R EZZ T
WEERBGEER A ENTE, FOMDBEITIIIEE
HERIIARESVELEZT I HEERMEEBZXD LN TE

_7__
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Table5 Summary of Analysis of variance

Table 6 Correlation coefficient between scale

(a) Articulation test (b) Articulation test values and per formance
(Leq=60 dB) (L9‘1=7O dB) Task Noise level Scale r*
_ Frravile _ Frratio 60 D**  0.0441
D N P D N P N*** 0,062
W 2.13 10.21%% 94.23%+ W 1.39 0.26  423.44%* Articulation test o b -0.723
F 0.73 3,92 23.45%* F 8.50%%  3.32  468.40%* N -0.225
R 5.06%* 1.03 5.20%% R 10.22%%  5.14%% 25,10+
WXF 0.31 5.72*%  91.91%* WXF 6.69* 2.08 188.56%* 60 D -0.596
WXR 0.34 3.02% 3.92% WXR 1.47 1.02 15.02%% Intelligibilit N -0.348
FXR 7.98%%  B.78*% 13.92% FXR 1.65 4.28% 15.06%% ntelligibility test 70 b -0.936
WXFXR  1.39 1.14 2.50 WXFXR  2.17 3.55% 0.30 N -0.852
D 0.0402
(c) Intelligibility test (d) Intelligibility test 60 N 0.110
(Leq=60 dB) (Leq=70 dB) Calculation o > 20.385
N -0.
F-ratio F-ratio 369
- - e — * : Correlation coefficient
_A_D . v . P o N P ** : Disturbance
W 6.25% 3.63 1.27 w 10.24** 6.23* 32.17** *** . Noisiness
F 14.40%*  22.93*x  0.06 F 1.65 3.67 0.07
R 13.52%*  0.14 1.50 R 64.39%%  19.49%% 156,59+ . . .
WXF  15.22%% 14.78**  0.45 WXF 13.91%% 10.98%*  11.57%* T, BEEAPTBEALTENTEDN, L,
WXR 0.45 3.01 0.65 WXR 0.38 1.10 4.15%
FXR 3.93*  7.74**  0.51 FXR 3.27% 3.79% 1.47 60dB OEERA/EZE L IEMEMEERICIZT LA
WXFXR  3.20%  3.35%  0.59 WXFXR  3.26% 1.5 0.94
. . MR 2R "L T0d, £, EREMERER
(e) Calculation (L.,=60dB) (f) Calculation (L,=70dB) .
— — BOBRTYH, Lo 70dB OBEEHMIEETIIER
-ratl1o ~-ratlo
D N P D N P B2 RERKE & HICED Y 5ER
W 9.36%* 12.28** 0.18 w 11.35%* 10.80** 0.96 - s e N -
F 8.64%* 19.12%+  0.22 F 7.46*% 12.03**  0.01 IKH BN, Le 60dB OIFRERMEETIH S H
R 3.62*  3.85*  0.93 R 2.76 1.43 3.35% - . )
WXF 1.38 1.12 11.09%* WXF 1.27 4.84*  0.32 ISR LZ > TS,
WXR 1.48 1.13 4.13% WXR 3.25% 333 2.07 N, e " .
FXR 15.13*%  27.83**  0.03 FXR 14.28*%  13.23*+  3.3g* INHITIIERFIC L AFEERDETHSEE L
WXFXR  0.30 0.92 5.31%% WXFXR  2.69 1.95 0.10

(8) Reading (L.,=60dB)

(h) Reading (L.,=70dB)

TWBEEZEXOHNBIIHIT, SREM[E EEAER
EUTOBEEHEBE, NETHRE, BLUHE

B EOHBFREE RO D Table6 ¢&

%o MEBIFREIIT RTCDRMT Lo 60dB £ 0 L
ww70dB DAENEL, 2hrF LIREMLOHE
EREEOANEV, XETHRESHSHARE

F-ratio F-ratio

D N P D N P
W 65.72**  6£7.74** - w 9.66**  27.19*%* -
F 32.35**  23.06** - F 23.98**  23.30** -
R 0.25 0.74 - R 0.91 0.55 -
WXF 2.79 4.65% - WXF 0.30 2.77 -
WXR 2.20 3.23~ - WXR 3.62% 4.84* -
FXR 8.37** 9_54** - FXR 16.21%%  23.08** -
WXFXR 1.07 2.09 - WXFXR  5.18%* 5.64*> -
* 1 p<0.05 ** p<0.01

D : Disturbance N : Noisiness P : Performance

%o

4. £ %

4.1 {EERROXE

Leq 70 dB DEERMIWFE & IEBERIMEER TIERE
B EBHERDOBERICH S »ITHESR 5N B, Leg 70
dB OEERMFE T 13 & REMIZ R B IEOEINIC -

85

PSE (dBA)

70

10

iorataal

1
RR (Hz)

Fig.21 Relation between PSE and repetition rate in the results

by constant method?®

__8_

FOHBENEL, L,70dB cOEEREMT
IAEBIEEIE —0.936 £ 25T B,

Leq 70dB TOREHMIERED & 2 ITEREAERIC
REKHELZRITEERETE, HEEELPrF L
DOEAMEEIMMDIEERHERE->TVHEEXBH L
WTEB,

4.2 EHEROLE

Lo 70dB TORBEREMEE T B REMIIEXRERE
BVEBIZ R A, FOMODBEITIIERERELHE
HeéDBfRicBOEBPRONS, $4b5, ERE
HOERIC & HEIMEMICENR SN2 00D, &R

Task condition

with significant
effect to performance
2) Concentration on
and rhythm of task

(set)
Fig.22 Contribution of 1) non-steadiness of noise, 2) concen-

Task condition
without significant
effect to performance

Psycho-acoustic
experiment
without task

.

1) Non-steadiness
of noise

3) Decrease of
task performance

(Dose) {Response)

tration on and rhythm of task and 3) decrease of task
performance to disturbance and noisiness by ex-
perimental conditions. The width of lines indicates the

degree of contribution to disturbance and noisiness
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BB Leg W—ETHEBIES KE < 55 LHNT 5 &
HIETENTED, DI &L, G Labiale® il
RMBE =W RE LR T, E#Es 12dB(A) LY
T&E16dB(A) Ll ETl3# % D HS annoyance ~NDEL
BRI BEVHIRERPEONTNE I En S b
INB, Fig. 21 1I38E oV LIIHT - 1 ERER DR
DELRE T H 5, PSE (Point of Subjective Equality)
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THE EFFECTS OF FLUCTUATION FACTORS OF PERIODICALLY NON-STEADY
NOISES ON DISTURBANCE AND NOISINESS IN WORKING ENVIRONMENT
A study on evaluation of non-steady noises [

by TAKASHI YANO and Dr. ASATO KOBAYASHI,
Members of A L. ].

A laboratory study was carried out to investigate disturbance and noisiness of periodically non-steady noises in
four task conditions. Totally 326 subjects participated in experiments. There were two main variables : the range
of level fluctuation was from 0 to 40 dB and the repetition rate varied from 0.25 to 4 Hz. The noises were ex-
posed at two levels, 60 and 70dB L.,. ‘Task conditions were articulation test, intelligibility test, calculation,
and reading, and their exposure durations were respectively about 6, 8, 3, 2.5 minutes. The task performance
was investigated and the relation between disturbance or noisiness and performance was also discussed.

The conclusions are summarized as follows.

1) In task conditions in which task performance is significantly affected by noises, disturbance and noisiness
are influenced considerably by performance and have high correlation with it,

2) In task conditions in which task performance is not significantly affected by noises, disturbance and noisi-
ness increase with range of level fluctuation,

3) In the same conditions as 2), the effect of repetition rate was not reasonably found, but consistently dis-
turbance or noisiness tends to rise at 1 Hz in the case of triangular noises and drop at 1 Hz in rectangular noises.

4) It is considered that the complex effect of repetition rate as mentioned above is contributed by the interfer-

ence of concentration on task and the rhythm of task exept for the effect of fluctuation factors,
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