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(a) Triangular noise v(b) Sinusoidal noise (c) Rectangular noise

Fig.1 Level fluctuations of non-steady noises. W (dBA)
is the range of level fluctuation. T (s)is one period.

Repetition rate (Hz) is represented by 1/T.
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Fig.2 Level fluctuations of community noises.
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Table 1 Physical characteristics of non-steady noises in

experiment [[J.

Form of level fluctuation Triangular,Sinusoidal,

Rectangular
Repetition rate (Hz) 0.25,0.5,1,2,4,8
W (dBA) 5,10,20,30,40

Frequency characteristic Pink noise
Duration (s) 12

Presentation level (dBA) Leg=70

Noise generator Variable attenuator

(RION SF-04)

Electric attenuator Amplifier
(National AN829S) (B&K 2113)

[ I

Function generator Tape recorder
(Wavetek 185) (NAGRA 4.2)

Fig.3 Block diagram of equimengs to produce

non-steady noises.
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Fig.4 An example of a time pattern of a pair of stimuli,

80

Sound pressure level (dB)
g 8 3
J

~
[=]
T

ram 1l |’ PO TN T N T W N U VAT VU S S S T S T N W T O SO0 Y !
7 OAA 316 63 125 250 S00 1k 2k 4k B8k 16k
Frequency (Hz)

30

Fig.5 1/3 octave band analysis of noises used in

experiments,
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Fig.6 Block diagram of experiments,
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BB ICKBRONAEZ T I HR S Sl D b, AKERTIE W RR
&5 — 7% 303 >E,LE T, FEER IIYIERE DS A (dBA) (Hz) Mean S.D.
ELT, BEMICAREBEEN ST, 8 | 77.1 2.60
3. EERER 5 16 | 76.4 2.98
. - 32 | 75.7 3.86
1 Moz LT, &&F78E (13 AX 2 RF5IX s 78 5 260
3 OYHIWINE SN, EDSHENHEAFEIC L > TH 10 16 | 78.3 2.62
EBEEEEEKkD, #h%E PSE (Point of Subjective 32 | 77.7 3.76
Equality) &9 %, SIEEHBET ICNT 5 F9MHE & R 8 | 81.2 3.65
Rz % Table 2 1Z/R 9, FERERS B L Cid, NHE 20 16 | 80.8 3.25
¥uo k% PSE ofhnfEn % S 5 I LSR5 20 32 | 81.1 3.43
i, REM 8~32 Hz i OV CBMERE T 120 £ y ]i zjf 2;
DR % Table 3 IZ/RT, WERERPERTFHRE L EDSE 32 | 82.4 3.76
HIIARFEERER U TH S, 8 | 84.1 3.86
HERERSE 1313 (3 3~5 dBA THMRIYA X VWS, Wil 40 16 | 84.2 4.45
32 | 83.4 3.50
Table 2 Results of experiment [ (dBA). RR : Repetition
rate S.D. : Standard deviation DPEBICERLTNEND & E2E 2L, ZULBTH
Tri. Sin. Rec. A Do BINFEERD KB MIE 8 Hz DEEHEMRZZ 132K/
W RR XL EoTNDBD, FHEOEERATH 1dBA ¢
(dBA) (Hz) Mean S.D. Mean S.D. Mean S.D. D, FEMEEBIFCHBE VA LS,
0.25 | 72.4 3.96 | 71.7 3.35 | 75.6 3.41 4
0.5 | 72.5 3.76 | 72.8 3.98 | 75.7 4.06 . _
1 72.5 4.49 | 74.2 4.18 | 76.3 2.82 4.1 RS EOZBRE ehE LS
5 2 | 75.1 3.02| 75.6 3.47 | 77.0 2.98 Table 2 iR 9" & 542, =R - ERCRERE & PSE
4 75.7 3.64 | 75.4 3.07 | 77.0 3.16 MIFHEUWETH DI LT, BERESFEINS
8 75.3 3.74 | 75.5 4.29 | 78.1 3.47 ERSHEBERAZLTHD, 28I PSE k& fEz
0.25 | 71.7 4.00 | 72.2 4.06 | 76.3 4.35 FLTWD, - OEKIIEREES DO 5 1550 A5 Fhs
0.5 74.7 4.07 74.1 4.37 76.9 3.76 NS STk -T, OHIVEMEE AESLTNS I &
o 1 75.5 2.91 | 75.5 3.02 | 77.9 4.23 CEBbDEER DD, BEOEE I SRS O
2 76.4 3.04 | 76.0 4.09 | 77.9 2.67 )
4 75.8 3.39 | 76.4 3.43 | 78.8 4.46 FOBVNNVEHEEHTLL0BE A SHTEY
8 | 76.8 3.26 | 76.4 4.45 | 78.9 4.37 T, FRICHHRLGELEAONG, £, FROBEE
0.25 | 73.7 3.80 | 72.3 4.03 | 76.7 6.30 D LRV HFER LAV EEIFERIE AR - IERERE I
0.5 | 75.4 4.04 | 75.2 4.38 | 77.7 3.74 E0REVHDAZ WV, SEOFEBTE, —AR - ERR
2 1 76.5 3.66 | 76.0 3.59 | 78.7 4.14 B D k5 ISEENICELT 55D 5 EERES D &
2| 77.5 3.43 ) 77.4 3.32 | 79.3 2.86 S ICWIBHIICEL S B bDETED T, —HEL LERE
g ;;j 2?; Z? 2:2 ;2;’ i; T2+ T—IB/BOLATOVENDT, =A
0.25 | 74.6 5.74 | 71.8 4.38 | 76.7 4.72 R IEBOIRERE & RRTERERE &2 30 CERET D .
0.5 | 76.3 3.78 | 75.5 4.78 | 77.1 3.75 4.1.1 =ZAR - IERCRERE
1 77.5 3.63 | 76.9 3.51 | 78.8 4.15 Fig. 7w 1, I, MTo#gROoKK%ERY, Fig.7
30 2 | 78.4 3.33 | 77.4 3.74 | 79.1 3.59 =R - ERRBES £ b be T T Uy b L, ZHHE
4 78.2 3.23 | 78.7 3.21 80.8 3.57 Sl A A LT, Tabled IZixzh s 8 [ DEER
8 77.9 4.09 | 78.2 3.17 | 82.5 3.37 Sh D 1 AR £ R Fig, 7(a) 1 Loy AJEHEE L
0.25 | 73.3 4.70 | 72.7 4.53 | 77.1 5.95 ~
0.5 | 76.2 4.54 | 75.3 4.03 | 78.2 4.08 TAH (PSE-Leq ) IKWHEILTEH o
1 | 77.7 3.66 | 77.9 4.00 | 80.7 4.69 Fig.7 @ 3 D OO &S VIS TERITD A 252 (7B
40 2 | 79.3 3.22 | 78.3 2.99 | 81.0 3.33 RS, ERRICE—E LA R hB, $
4 78.8 3.32 | 79.0 3.70 | 82.3 4.28 bbb, (1) REBEES/NS LD E, SEISPCEL,
8 79.8 3.81 | 80.4 4.09 | 84.5 4.68 PSE & L., 12353 ¢ (Fig.7(a)), Fig.7(a) © PSE
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Table 4 Comparison of conditions in experiment T, I, II.

Experiment I | Experiment I | Experiment @I
Year 1978 1979 1980
Presentation Peak level _ _
level (dBA) =70 Leq=70 Leq=70
Duration (s) 20 16 12
Triangular Triangular
Form of IEVE] Triangular Sinusoidal Sinusoidal
fluctuation
Rectangular | Rectangular
Repetition
rate (Hz) 0.05-0.8 0.25-2 0.25-8
Sin. 5-40
W (dBA) 5-40 Tri.20,40 5-40
Rec.10-40
Rise time of
steady noise nearly 0 1-2 1-2
(s)
Number of
subjects 13 9 13
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........................
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A E O »E LS TV T b REM D HR
W a~6 Hz fEFE oL, 2hbromdbd sihiad U
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WREBDSI LR EBLTCVSEEX LN,
IDERE B R A K & 1 B B MBS B gE & & 1 i
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AY - SEEFA 0B Garrett O3 E L5543 5
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%,
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Fig.7 Comparison of the results of experiment 1, [I, . Each point is the mean of individual data. The results of triangular

and sinusoidal noises have a similar tendency. Solid lines were inserted to fit these points. (a) Results of experiment I

(triangular ‘noises) .

(triangular and sinusoidal noises).

(b) Results of experiment [ (triangular and sinusoidal noises) .

(c) Results of experimnt I
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Table5 Factor g, b, ¢

W (dBA) a b c
5 3.77 0.846 -0.435
10 5.27 0.951 -0.876
20 6.37 0.761 -0.659
30 7.14 0.776 -0.754
490 7.41 0.937 ~-0.748

VY — 7 Y MR A FERXE UCHATS S
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F(RR, W)=a exp( b+ cx’) eereererenceess (2)
x=logwRR
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Table 2 @ = fAIRER T & IELIREE S ORER O 1EIC
BN REAEHNCEBIES SIS a, b, c ZEIRET S
&, Table5 D &k H I/ %, Table 5 DED HRE b &
LEROEEBEIZTEALESZT S, FF—EEART &
HTELD, B8 c BEHIRSIBADE X F/han
5, BEIEIC & 2RI a2 {bEHmIE R s han, Zhn
XU T o DEIEEBRE EHiIcENLTED, Ho
PICRBRN S B(LE RSB D b b, LIzE->7T, b,
c OfEie LT Table5 O fEZ KA L, b=0.85, ¢
=—0.7& U7,

WIS, b, cEERDODEHSICULTED AP D,
Table 2 @ = RS & IERCIRERE OEROF-HE = A
T a%zKe, chzERBIIRILTToY b5
&, Fig.g ks icmahn, ZfE ED» HKEOIFEICIE
3, ZHOEIHEH B HDODRKEMBUICK LT a flic
—FEOMEIIIFED HNT, FF—EMTHBHEHRLT
EWTE LD, Tabb, a%® WOBEKELTERT
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Fig.8 Relation between factor @ and RR. Factor a
is almost constant and independent on RR,
Therefore factor a is able to be represented. as
a function of W.
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Fig.9 Relation between factor g and W.
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KB H5HDTIEH BN, EHILOLVFEZIODS 7 R
FAWE =7 LRXWIZHIET B ENHRER, LAV
B A EREIRTT L 0 WD 5 X0 5 i Ze MR ISR T5 OD Mk Ao I )
IEix Peak—20dBA L0 E L _XMIZTES A B /7 Peak
—10dBA OHHRNE NS T EP i &E % EET I,
a3 —7 LAOVEDE L NIVERS O (R % R4
BHIETKRS HONBEMTHBHEEL BN,

a 7% XPEBARL & HRARTE R S 3ELL L T W A48 ok

g, W=00D& X a=0&EWVWHLBEBIZTIENT

x50, WONKBK TIOR3 20T
WV, aZ W OEKBEKE L TZEOREZR/N_5
BCeHETSE, (3) XrEsnD, a& W DEE

EXRLUEZHDN Fig.9 ¢h b,

A=2.7 WO eerriiiiniiiiiiiiiiiiiiiiiiniaaanan, (3)
U7eh3->C, PSE OSERAE L TR E L iz,
PSE= Le,+2.7 W** exp|0.85 log,, RR |
—0.7(10g10 RR) cevereeeenereennnnennnn. (4)
22U, (4) OB Leg 75 70 dBA 2 E D2
FEDOERE LV ANWVICIRE S WD, RIE MU EEREBE

- 0.25~8Hz cH BN 8Hz I FCIEHATIRETH H D o

iR #As 8 Hz % B %, RIBEREE O FREICTD %,
ELHIINEBAAZHEAICEEHTHEEE LR
Nz, KifFROBRITA2EATE B EL, &
BRI ERR T 40dBA T UDEEL TV LA, ]
EOBETH Fig. 2 1R ¥ £ 512, £EiEH 40 dBA %
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Fig. 10 Insertion of exponential curves into the data of
experiment [[[ (triangular and sinusoidal noises).
These curves were inserted in consideration of

Fig. 7 and they {it the points fairly well.

KRG TCEDEEZXTLENTHS D,
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DFEDFMEIE—0.053 dBA, FEHE(FZEL 0.64 dBA T
HY, a0 EHLTWVD, Fig. 10 TIEEBRMED
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PSE=Leq + 2-7W°2 exp(0.8510g,,RR-0-7(log,RR)*)
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Presentation by exponential curves for noisiness of

Fig. 11

triangular and sinusoidal noises. Ordinate represents
PSE, abscissa repetition rate and parameter is W.
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(b) TIIFEEREH MR 55, Fig.12(a) TIXEHIE
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Fig. 12(b)

Fig.12 Relation between PSE and repetition rate for rectangular noises. (a) Results of experiment [[ (rectangular noises). (b)

Results of experiment [[[ (rectangular noises). Solid lines were inserted to fit the points and a dashed line represents

Model 75-A (Izumi®).
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Fig.12(a), (b) & HICERIEITH T 540 T 5 fidid
MmOTRELI BTV,

Fig.12(a), (b) & Fig.7(a), (b), (c¢) F&Eiciz—8&
Uiz RUCOWaEND T, EEREHEOLEN Fig. 12
(b) K2V TEMHMWZHm ZIRXZITEED B,
Fig.12(b) i, PSE 3xEREIEE &by, &
I L VR BN, 4~16 Hz TkICEL, 21l
BIIWAHUTBHB Y, =R - IERCREE S RfkO L L%z
IRUTWVD, MKICET S IENEIIZEEIES KX < /s
HiIEEEL nAEANR SN, BRSO PSE &
WIZZAR - FREF LV KEL, 20E P E T2
~3dBA ¢ B, F 17, Fig.12(b) T L XNVEHD
PRI ATIEFIFISdBAICEL TH Y, KIEREH/N
S 5> ThH, SHOEBREH CIE=MIK - IERRIREESE
D & DI Log WL T AHIA %2R U TN,

4.2 {thoWrge L O HE

Table 6 132EH 5 OFEER E L VBB 5 —ER @
UTWAEH 2R E U IO E OEERD KM% I
UL DTH D, MFHERFERTIE - P08
BH5DT, EENSHKAZTO CEZREETH 20, &
PEMY s B = 4T, B 5 DS RIDEERD 2241 % MG
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Fig. 13 Relation between interval scale of
noisiness and repetition rate for
triangular and rectangular noises.

THIENTE B,

9, FEOMT o o HBEIC & B RIELORER
% Fig. 13 1R 3%, A 36 BEOIEEHRT & 2
BWOTEEEBSAZHAOVT, Thurstone Case V2 DIRE
WWESNWT, RrFELIOMBREZEKLIZLDTH
B DAL, ZARERT & EIRER T IC D W RIER
K ERRREOREGRZRL CH D, MRREOEE R &
LT 70dBAOEESEA2 0L LT H B,

Fig. 131c & 5% &, KERIBOWEMIZHED, P2 E UL

Table6 Comparison of the details of experimént conditions,

Author Izumi Hiramatsu v
Method of Method of Method of Method of
Estzggmgzt ngiﬁggt paired paired magnitude magnitude
P comparisons | comparisons estimation estimation
Frequency .
characteristic Pink noise Pink noise Pink noise |White noise |White noise
of stimuli
Triangular Triangular
E?:gtﬁgt}§¥E1 Sinusoidal Sinusoidal Intermittent |Triangular Sinusoidal
Rectanguiar | Rectangular
i Leq of Leq of Peak Tevel L of L,Leq of
?252$ntatzggA) non-steady non-steady | of steady |fluctuating fluctuating
noise : 70 noise : 70 noise : 70 noise : 70 | noise:70,87.3
Duration (s) 12 20 12 12 50
Repetition 0.25,0.5,1,2| 0.2,0.4, i34 2;225%35}2%- 01.0.3.1
3 3 . . £l - H]
rate (Hz) | 4,8 (,16,32) 0.8,1.6 20.,40,80,200 ,
Range of level
fFluctuation 5,10,20, | 14 20,30,40 - 6,10,20, 10,30,50
. 30,40 30,40
(dBA)
Presentation Loudspeaker | Loudspeaker | Loudspeaker
method of in anechoic in anechoic | in semi- Headphone Headphone
stimuli room room anechoic room
Number of
subjects 13 21 8 20 30
Attribute Noisiness Noisiness Noisiness Annoyance Annoyance
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SYNOPSIS

UDC : 534.83 : 628.517 -
THE EFFECT OF REPETITION RATE AND RANGE OF LEVEL FLUCTUATION

OF PERIODICALLY NON-STEADY NOISES ON NOISINESS
A study on the evaluation of non-steady noises I

by TAKASHI YANO and Dr. ASATO KOBAYASHI,
Members of A. 1. ]J.

It is clarified that L., is available for slowly fluctuating noise what is called fluctuating noise. But the evalua-
tion method of rapidly fluctuating noise, for examf)le, impulsive or intermittent noise, is not yet established.

In this experiment, three periodically non-steady noises—triangular, sinusoidal and rectangular noises—were
used as test stimuli, the factors of level fluctuati()n—repetition rate (RR) and range of level fluctuation (W)—
were set up widely from fluctuating noise to impulsive and intermittent noise, and PSE (point of subjective
equality), which was stea&y noise level equivale'ntf to non-steady noise on noisiness, was searched for by con-

stant method. ;
The relation between PSE and fluctuation factors was investigated to obtain fundamental data to evaluate

general non-steady noises on noisiness,
The results and discussions are summerized as follows.
1) The PSEs of periodically triangular, sinusoidal and rectangular noises are significantly affected by RR

and W.

2) Triangular and sinusoidal noises indicate similar tendency on noisiness and their PSEs can be represented
by L., and the effect of level fluctuation, which is indicated as a function of RR and W by equation ( 4 ).

3) The PSEs of rectangular noises are larger than those of triangular and sinusoidal noises.
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