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Evaluation of Loudness for Intermittent Noise
Based on Personal Auditory Characteristics*

by Yoshiyuki EGAWA**

Abstract : The object of this report is to evaluate the loudness of many kind of intermittent noises
based on personal auditory characteristics. To investigate personal auditory characteristics, tempo-
ral resolutions were measured by post masking line identification method. The characteristics for
temporal resolutions indicated that reverberations in ears for impact noises became decreased. As
the result of this measurement, subjects were classified into two groups, hereafter referred as groups

“A” and “B”. The subjects in group “A” had inferior ability of temporal resolution, and their post
maskings for impact noises were reduced slowly. The subjects in group “B” had superior ability of
it, and their post maskings were reduced extremely.

Subjects of groups “A” and “B” were then exposed to intermittent noises with different pause
durations. All subjects evaluated these noises more clearly than equivalent sound level. Equivalent
sound level was the equality with the mean value of noise-energy for these intermittent noises. In
case of intermittent noises with long pause durations, subjects in group “A” evaluated the noises
louder than group “B”. Therefore, reverberations in ears at long pause durations influenced the
loudness of intermittent noises.

Further, by the use of intermittent noises with different sounding durations, the experiment of
evaluation of the loudness was carried out. Based on the result of this experiment, subjects were
grouped into two groups “C” and “D”. Subjects in group “C” evaluated these noises to the same
value of equivalent sound level. However, subjects in group “D” evaluated these noises less than the
equivalent sound level of them.

Finally, by the use of intermittent noises with the same equivalent sound level, the experiment was
carried out, in which subjects in groups “C” and “B” evaluated these noises to the same value of
equivalent sound level. Subjects in groups “C” and “A” evaluated these noises louder than equivalent
sound level of them. And subjects in groups D and A evaluated these noises less than equivalent sound
level of them.

Keywords ; Loudness, Intermittent noise, Temporal resolution, Masking, Personal auditory charac-
teristics, Equivalent sound level
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Fig. 1 Measurement of temporal resolution.
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Fig. 2 Result of measurement for post masking line.
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Fig. 3 Comparison of groups “A” and “B” on ten-
dency toward reduction of post masking level.
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Fig. 5 Intermittent noise waves with different pause
durations.
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Fig. 6 (a) Loudness of intermittent noise with differ-
ent pause durations {(group “A”).
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Fig. 6 (b) Loudness of intermittent noise with differ-
ent pause durations (group “B”).
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Fig. 7 The effects of auditory perception level on
loudness level.
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ing durations.

FHREF R OR 73 % Wit SR

Loudness level (dB)

-20 T T T T
250 200 100 50 25
Sounding duration (ms)

Fig. 9 Loudness of intermittent noise with different
sounding durations.

R A 2L & B IG R ORIRERE DA E &

200, 100, 503 & U'25ms® 5 I E(L S ¥ 7z,
BBRERVBEENORBEFEIEIBELAKTD 2,

4.2 ERIER

Fig. Q128 DWERE T 2 EBRER 2T,
BT ERR S ORER R, M IR 250ms & 2
# (0dB) X LEED, FBEOHMHNLEREST
H5,



—32— BESRR TSR SeER
0 1 .
] _Equivalent sound level
4] /
@ _6; G “cn /
T
2_]0 : [y 4 r
§-121 o1 :
% 4
_g‘ -14 E
T -164 '
-184—
~20 - T T T
250 200 100 50 25

Sounding duration (ms)

Fig. 10 Comparison of groups “C” and “D” by
mean value and standard deviation.

T L BRREICL S CRE DEOLILR

B L 7z & 312, R 25250msA EH % &, BEE
BBV ANV IEBEEFORRICE TET 225, TR
WOHBER, RDERT L5, FEEoSEuctt
FIL CRHMI S M 2BEEORE IMBFDT 2 2 L BH S
NTw39, Fig. QiR CHEIREREEZRL
720

Loudness level=
10 Xlog (Sounding duration(ms)/250ms) (1)
Sounding duration <250ms

Fig. 90 & 2 &, SHEE L BT ORGREIE
(23 LBER/NSSHET2/RIEONTED,
MRS ENE L 5 L EMBF VN, TRb
BEEDIANY —EEMET T 220 EE2 6N
%,

(DRI X 2 BFUE e EMEICT 2 &, RADWERE L,
ZhE Y ERfIBE T 2 HBEROIT, CHEwvD)
ETHEAET 2HBERE AT, DELWw) i
»h b,

BECEENIWEEIL,

CEETA I 215%, 228K, 23%%, 24B%, 45/%, 76B%,
T9R%

DEES 4 1 2158, 23B%, 65E%, 78R (244)

TH5b,

C- - DERCEBROHEBRENSEINTBY,
CRECHEB L CDBEOHBRERZFEAZNKRENVLENLD
BRERBE LI,

Z ZCTEAZERED -MEEOEMN S E v ~_V
LHEET 5 7-912, Fig. 10 EBOHBEDOFH B &
VIERREEPEMB T LNV EHIZR LT,

CEEIZ, STV ANV OMBRICE > T, Bk
DD £ RWBEF /NS {FHET 2ERBH 525, D

o1
-2 I
-4 3 \
g -6 \iQx L
< —83 \ ‘
Z qo- \ D1
512 A
5 3
5-14 ] 02) ]
-16
-18 ]
=20 T T T
250 200 100 50 25

Sounding duration (ms)
Fig. 11 Comparison of 2types of subject in groug
“D” by mean value and standard deviation.
T LIEEREICLZDEICEEND 291
TOLEE
BEITRRRS ORF SR < 72 2 WiV, ST
VARV EDREPKE L B BHEAEZR Lz, 3511
B CRuE L THEEREVLRKE VL EWL D BRIT
¥ 00 il

% ZCFig. 102 HWT, NIV FDRKEWDEIE
FNDWEREDOBAZEZRE T DL, 52204
A 7S PNE ZEBTED NIz,

FNoED1IBLUD2FATELT, &5 17k
BENIEHREETT L,
D1%4734:21%%, 238, 65K
D2%A4A724 78k (24)

ThH5b,

D 20054 7OMEMEEMET L~V EHE
5720, Fig. 11ICHERE OB L CFERES
=il = N R N e DY At

D 154713, KT ORGRMIE L &5 EHh
WERZ ICEMRBE L~V E DIREWDK E L k2 EA %
RLUTWSE, ZRINUD 2 54 7%, FgehEp3100
ms ¥ TIREMBZ L _NVICEH > T 5285, 100msEH
2% 5 L EBICEMBEZT VL XV EET, 50m:
T6.8dB, 25msT9.9dB& 2 D /S {BEE 253
ZHEMERL TV 5,

ZODD 254 TRIRDEME 24P 55, I
o OHERE 1L, TEEMRIEE I 5 1213100msk
LOBEREBAT EnRIE % 5T, FFRE550m:
Tk, BEIHOEE TREDTENnE 2D, R
RIGEV_NVBrEVIFHEINE EEZHN 5,



BT 2 ZE L HRETOKE 3 OFHE

250ms

250ms—

Fig. 12 Intermittent noise waves with the same value
of equivalent sound level.

EMERZ L ~RIOZE L WIRERE R

5. FEEEZ L NNHAFEL WSEDOEHREBENKX
&g

5.1 EBFE

B 3B TREEERTOTHEESREETRE Vv
KEEL TBEOFMMBERL Iy, S6KRKELE
TIEBTHEE S OFFRREPREERE LV _NVICHEL T
BEOFENER S Z L BRI, ZETRIRES
OHREFREE L IBRREINE L, S5 REMBEE Vv
IBELVBSCEBINTBEOKE & OFHER D
WTIRR 3B,

WiisiR T ORIl & L CEMRES v _AVHBEYITH
5LRET S L, Fig. 12R L eHiEZ 33X TH
CAE3cFfiansd, LU AMOBEEREEL LT
RETREBECHERERENEZ 6N, ThdD
i & 0 SHERE L~ & B OB S S ORI
MHEREUCBEEZOND,

% TR L R 2 EL LT, BYIRL
R (chihiRa & #eiochsfi 2 2 7-BERE) %500, 400,
200, 100K U'50ms D 5 I b s R i E = H
WT, BEOKRE S 2FHMlis ¥ 2 EBETo /e,

— 33—

Group E"

Group 'F"

Group G"

Fig. 13 Auditory characteristics of subjects in groups
“E", “FH and “G”_
E. F, GEBICE Zh/-BEAEOREER

 WEBRE R INE COEBRERD 5RO X 3 25T T,

EBiz, BESELVBEL, REFEELY v
PMMEWEEZ H OWRETHRING, ZOBICEE
NAWERE L, BERHILEL, BEYHECED
REFTVTAPPRHEET 3, bbb CELBHC
SENHERETH 5,

FELZ, BEHEEEVVHEL, REFEE Vv~V
BEVEMESR b OWBREN SRS, Thbb, JO
KEENAHEE R, BECHISET 5, BEh
WRICECRETNIERY T, CHLAFCEZN
T HERETH D,

GEIZ, BMENELVHEL, REFEZL
PEWEMEE b OWEE T, ZOBEENHHERE
X, BRI IRV, BEPHBCEOSR
BEENTAPHLICHEET 5, Thbb, DEEBEI
SENTHEETH D,

Fig. 131z, WiiBZ N ¥ 2 KEHOEEEE 27
T

7B, EEINBEVARLVMEL, REFEFH LV
BLEE, TRbLBBEITICHT IENM L, BEY
TR B RBEEPERDY T\ 4 T OHERE 1TV
Bino Tz, WEREIL, WML HEEEEEL O TR
NRICEBR BT 12,

RECE TN B HERE I,

ER 44 1 215%, 228%, 23%%, 24%%
FE 14 4588



% hoY
23 4
2 T\
24
3 N
R ~N
‘5: 4
3
-7 | | .
500 400 200 100 50

Cycle time (ms)
Fig. 14 Loudness of intermittent noise with the same
value of equivalent sound level.

FMREEL ~NIUHFLVHREEOKRE S

GEE24 1 215%, 23

Th5,

BENORBHERIEIEMCCE 4ZWCRLIE
BREFRRTH 5,

5.2 KEER

Fig. 1412 EEBRFER 23, BENINFRE T OB L
P (Rt L R Nz 7265 2R L, féEhidiEs
LU AHAS00ms 2 ¥ (0dB)  L2BE0, SFBRED
R TORESHBRLTH %,

FEBHEENRE VY RVIEL, RETEE VYA
BOWHEBREDERETH S,

R U I 53400ms & 200ms DR S D4,
¥#E(0dB) 282 T3, ZIZEETERERE2250
msfEE TRET WMHET 223, 200msL T TREET
PHRIEZBEL Tw L, XOBSHRBENIATSNS
ZD1OEEORES DML EEELWA - L HF 2
5N 5%,

R U EHIYI100ms & 50ms DRSS, E¥EEL VET
LTWw3, ZNEBEELELVVRHEBRETY,
SRR 550ms (R U B 1/2) R T, &
BV ANVHBBEEEE ORI £ T8 T IcBEE o R
ENHTDERFELVETLEEZONS,

EFZ, HEEILEVUNEL, RESBYELV A~V
PMEWHEERETTDH 2, R L BHIH3400ms & 200ms
DRSO SE HITITEEEFE 2R L, FAH9200ms
RIMICIR D EEEFELVET LTS,

EFLFizIET 2 L, BEELBEVVIERERET
H59, EFEBFREIDVREFIECEYI IV, £
D7D ERIFE L MRS 2/ S T3 2 fEm
BHBEEZOSND,

GEZ, BEEIDELV UMEL, RESEELY )V

EEZSMERTFHRE

NIIS-RR-94(1995)

PMENHEREFETH Y, R U FAPH00msEAI Tz 3
LEEBEIDETL TS,
GEPEHLIETZE, Vb5 3 RBEFTRHECE
DIz v, GEHIEEANROIRE LV ~NVIMEL,
ZOROE#RLYFERET 2/ {FHET 2E@AN D
%, 35WGHE, BERRIRFEI100ms TEEE%
1.5dBHETLTE D, BERBAH100ms R Tik, §E
BBV NVPBEEFORBE TEL TRV ESE
Z56N5,

6. ¥ &

BUE, BEREE R EE L ERES OK S X O
KOWTHRNEMATED, Thokibnd Ll
TOE>ThH%,
(1) BB FORWEREIE T A MOV A ERERE L
INEHREREICRAIERLILICID, BEORED
HIZEET 2L~V 2HHEILU T,
Z DR, BEE - #50msl HBAL 2R R Ty R
HEENBEICEBEL COAIHEBRERL, JORATRE
ERHERT A WBREFH TSP, BBRETHIRY
LTWAHBRERICIEHRENS S FEhTnlz,
(2) BBRE T 2R8EEVMHERETORE S DY
fiic 5 2 2 ELTADL -0z, FERFEDRZ 2
FEE AW THBRECESTOR S S 2FHiis ¥z,
Z DR, TRTOWERE VRS 2 EMEEZ L~
LFOKRELFEE L, 25Kk, RESHEERE T2
A DD B HEHRERIL, 75 THOHEEBRER L VRS
PRESFHmBL 720
(3) BEFRBEuC T 2BEEIGE VNV oSHitR S
DRESOFHAEICE 2 5HELRANL DI, FFHw
HMOER WERE AV THERECETOKRE 3 %
B iR A
ZOER, SMEZF LNV EBEORE IS
ST AERERE Y, Z OV DK BRE 2 THE
T BWEREREIC DN, IhOMERERENS LY
Tz,
EMBET V-~V & DR BT 2T U o B e
X, WiEER S ORI 2550msEA T2k 3 LB 2
BN FHET 25 4 TOWBREVNSENTEDY,
ZDOWEBEE I TN CEHE T2,
(4) (2) & (3) OEBERED LI, HREL
RD 3BT Tz
I3 BEHEegi Kt L, BETRIEICRESD
B OIEBRER,

I8 BB gi < KIS T 55, BEFERFCRE
TN VT LHBREEE,

EE | BERBCT 2 I0ER0 520 ThH 5, §



R ZE L HREEEOKN E 2 OFHE —35—

O EBHETERCRET IR D I WA ERE

7 OFER, 1BISHERETVVEHECESET 2 &
£z o508, NEZEMETVNVIVESTEKE
CEHMIEL TRV, MFEREMEST LIV LI D /AN
L BERFHME Y 2 EABED 5N,

S50

1) SFHE S, Wi M, BEHZEEHA, 151, 4 -att
(1976).

2) Bz, B —RF - ZFRT, B2 OLEHE OFFfE
LT DLeqZ Y iz 2 OEREFE OB, H
AFEE LS 38-12, 774~785 (1982).

3) FlZIE, EMES, Bk K, SRE—, [LXRIx, £

ED5 588 LeqdEYEMBICOWT), HAFEE
&5k 34, 641~649 (1978).
4) EFET -HIEE—ER-IE BERTOoKREX KD

W, HAREEESEE 34, 316~317 (1978).

5) 1. Pollack, Loudness of periodically interrupted
white noise, J. Acoust. Soc. Am, 30, 181~185 (1958).

6) Evoavhs—F-[UHHAKLTF R LEEFEE,
134~136, FARTERE (1992).

7 BEE P.24.

8) TLIEZ, BiEME~ X F > FEHAlC X 2 TEERE 5
oW HAABI®SEBEASERE,
262~263 (1994).

9) MNEZ, BORLUEHEERFOHERHLE IV FAR
DRI, HARABIL¥SEE, 28-1, 9~19 (1992).

10) B.CJ. A—7% - RE@FEER, BERELOHEZEHSR,
61~64, WEEE (1994).

(PR 7 4F 4 A30H %)



