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Difference Limen for Just Noticeable Change of Booming Sensation in Frequency
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ABSTRACT

Among many auditory feelings for the vehicle interior noise, booming is considered as the most important nuisance to the
passenger and developer. Because the main source of booming noise is a power train system including engine, in general, it consists
of tonal components related to fundamental engine rotation and its harmonics including the firing frequency. Therefore, it is
demanded to extract the effective tonal components only by using pitch extraction algorithm based on the place theory enable to find
aurally relevant tonal components. However, there is a difference between booming sensation and pitch perception according to
frequency change of tonal component. In this study, subjective listening test using a tracking method was performed to find the
difference limen for just noticeable change of booming sensation in frequency. 20 Koreans and 10 Japanese were participated in this
test and the results obtained from Koreans and Japanese were compared with each other. Finally, SHz was determined as the
difference limen for just noticeable change of booming sensation in frequency, and by applying this value to booming analysis using
pitch concept, it was confirmed that the degree of prediction of booming sensation was improved.

1. M 8

FHZ AFA Hoky A&
=9 F4& gt '5] o =
S48 A5 dohe AL Lg%
(annoyance) & # A3} A, AE2
61-5]‘— /\a]7}. H]—)\g’cﬂ- 2= %Ei ;.“o.]
ouigte}, A AUl &89 e, A
A (overall sound quality)®l °§ o%
7}2) A7 (perceptual feeling) & 71 5
A &= o] ¥ AE (booming noise)
ﬂ%% o}, ol BHAEL o7 7HA
J°ﬂ A FAEAR O FAARE 53] A
% 85 28D (power train system) oA
LAsE 25 BEAl A wiE dF 3
k| A3tF o4 (firing frequency) 8} ©]
29 %334 (harmonic frequencies) ] #&
2|
2

Ao} =

—r‘

1

S

rﬁﬂ.‘;;ﬁ;g-ﬁﬁ

o 2
b1 Tt o 4z HI

£ b

m]o e

[m r°('

N 2 ok
o 200 o

'% e ﬁr’ﬂ—\ -J—UOE— O]To'];q E‘j M
| #ULEE THIE FURE cleTh

PN

—x—‘:T E‘&:} °ﬂt‘
analysis) 7} AFE-E X gk,

2314 (order
o] BFHL Setuido]

NEg T3 97 wWEel, $A%e] AHHY
BHE 2717 ol old BAEE FRa)

A AA AZelA AAEHE B2 AE (tonal

. @FH) &Y AT 2305 A ] A
E-mail : soulshin@kaist.ac.kr
Tel : (042) 869-5035, Fax : (042) 869-8220

e B2HEINEQ AAATHY £LWEA ) ME

‘zpo) A1 (DL: difference limen) 3}

A mAE IS
(pitch concept)o] H-&8 o] At et
AZNA FAFE AA Q7te] w7l= &9 ¥
o] n 3o}, :

a3y Qztel X2 WiaE X £ Qe
K)ol Wiz}
E AAY 4 9lE DL o] tF & Utke TA4H
ol AR uweld B AFoME FFUY
(tracking method) & o] &3t AS4¥ (listening
test)% F3ste] o] wghg AA 7] A

L & 733, dold AAE 93 N3L o &
—'?—“Jig £40o] Hgsto] A o
geotst= AL BHog sttt o] A He
22 Zoid dEAF 7 Aol HeojeE &
4, DL 8} Aol wlm shsith

CE
._I_E

il

2. U st 2IXE

re

DL

21 HZSAE (listening test)

Aegdge 5AL FU4EY A W E
ARE7] & g DL & Tt Rolth ol &
sty 89 o7l 71A 93X (threshold) & Z
71 93 31%51: TX“’“?J 4%6}2‘14.



A&7 9% HLSE 60 Hz oA 220 Hz 7+A)
2 Hz 402 ARE ¢F=olth 7|&8 A
S 200 Hz 2 &2 olf& 99 A= /M4

QA AR FHE Fa4 d9o] 200 Hz o] 3ol
] mEolt}, o] 28 1 F Zo] Hashimoto™
A A2 EE AL 2L AT 7
A9k ApZU2 AAE 98 ALEEE ez
Hl @ 2 2E] #Felg 4 ot

fo N

4.5 —— Sharpness weighting factor
a0k~ Hashimoto's weighting factor for booming
R
EREY-1N
S s0f
o
£ 25} \
S 20} N .
g 1.5r N
1.0
~
05} S . —_ .
0.0 L T =i
100 1000 10000
Frequency (Hz)

233 AY d3SES I7E EF 23 sone
o #e=yrs ZEF 3ok o] @& 2200
rpm A4 3800 rpm 7HA 7H% F 588 AZ

e 6 THY AFe A lF &% Fge=vA
9 P gtolth
Adel] #Hojgt FLA (subject) &
AYs 23, B S gk Hrt APl Ye
29 10 H =9 20 & Mg 29
A& 84 = Head acoustics A2 HPS III.1
2dg AMES HEE AN WHE ojgEIn
ASAHANN LA =Y £ f4A 3
71 g8iM 0¥ 2 9 BE& AE T2 3WE A3
AFstgct. AMASe #@d 2L Y34 Head
acoustics AF¢] HMS III.1 9= g o] &35
o},
1%‘ 2 A ‘Given’ HELZ ¥
‘Upward / Downwérd’

SRRk

f}w HES ¥
M2 -

- oo Hmes dde olde
E ol Y& ZOl= T o] g, £33
qYg ¢ Ak & 337 Eool= uE

83 vagel ¥9 Bk AL

g Aol ¥ B seolS vE 1Fs

S
gt oleid Wer 7 A JES EHHF 4
P& wE3A Hiy, o] ZEIOHNA JESS

He Aol A gt

<) Hearing Test: Diflerence Measurement by racking

o[

| Project name: JFRP -
‘ Subject name: Shin SungHwan

| Number of sounds: 7

rCcmcel'.l':

L‘ o- :' "Order: 1/7 0 N ‘
Downward] “Given J :‘Up'wa_r'fd ]
It 4 4]

o Back ] - Néxf I e

B 4. TauTe o180 9549E 22ad

22 DLHm % ZD

2.1 oM AR wWRe Sk & dRelM
7]-,1_- o2 FoAE £59 Fd5d vas
F 3499 (upper frequency part) 29
L 4 @S Foegdd (lower frequency part)
2] DL o] Fo{A4}, 1"/‘ 3 & JlEgel vlE
= -4’ o—,,] DL E. L}-E}‘&jﬁ]— 100 Hz O]
2o JNEFAA AR YERY AH/E viw
st HlEE v FES HDLUSS E F 3
ok a3y 80 Hz olAE ZF 259 dlolg oA
dolz 95% ’clil:rLZ_PZ&iP A3 AAA & W
g g8de] o =2 DL & Z2 USs U
F Qth ol &9 Xi-r-ﬂr—r—f] A o 7
ettt AL Yuldts FHo7|x stk Ao
Z wedtd VEE uadte ¥ Fo¢ 99
A9 DL < 55HzUS & + Ut

}f HU =) _9, rlr
r\o

Id
fl

T o

1"
10

®  Average
)’ 4 Korean B
| v Japanese W

W B OO N ® ©
i
by

—_yt
o Ev—-{
<
[
I
——
=
—p—
—a—
——

2+
UpRer DL 95% Cgnf. intervals
60 80 100 120 140 160 180 200 220

Center frequency (Hz)

% 3. 1Sl vE 52 FHsEHAMY DL A

a" 4 £ 715 vEd ¢S F9

-622-



2 Y AR LDEEERE!
A2 %S9 FH57) 80 Hz & W QEQ

ol thet DL o] #3le) DL R} Wgg 2
% & Qo AARoz wusd 7ESH v
: Zoh4 @ofol Mo DL & o 4 ~ 5
e &+ A ol@A rEge

0

TR oo e
o
£

N

10

&g
o fio rlo

Watol & Fos dYR e Fae GelA
Ul DL fole Fojal &g day AF
s gdoze way 240 71875 23
doofl uis] A4z oz Athe= RelA 1 dUdg
g 5 o
9
®  Average
% 8 4 Korean
‘EV - v Japanese l ,
2
s } | g
5o 1
YR 1{1{1{7}1
g 1
% 2} : .
' 80 100 7 e 160 180 200 220

Center frequency (Hz)

a4, 71EE e ®E Fagpgefelse] DL A3t

=
DL & 71F89 "ladltyd g3 92 T4 gd
o] BAYe] o 5 Hz & AASAT o] gt ¥
Pel it T 99 DL #e BF4E He A o)k
3. DLt RyFHZe ofF
9% o]2 (place theory)d] 7|2& = 3] %
By opaee a5 B4 F9ste] BY
d2s dYsty, 59 BEY GR w23 &
g mEdte] AA QA AAHE BEY AR
(aurally relevant tonal component) =& F%3

o F2d BEY A dEiMe QA48 2
A% NEEsCe Hgato] WA AzvelA A
Ae & BEY AHEEY M7 (spectral pitch
strength) & +& 4+ Ut

olgldt Fx FA geus BAE o] &s)
o 7 Fx9 AFE Al AHEE 5 U 237
A, & 2947 (booming strength) ®'7F 1¢
5 ¢} o] ArEATh o1 HYAZIE 4]
Aste] & dAFQA de o #H3E AXE 9@
DL °] F3 £ A Fuag Hax

o rlo

(frequency resolution) 22 AF£-E v},

| STFT (time & rom) |

Loudness —I

LSpectral pitch patternJ I—
¥

Calculation:
Firing and rot. freq.
related to E/G RPM

Partial loudness sum:
from (firing freq. - 0.5
Bark) to {firing freq. +

Spectral pitc
iring or Rot. Ereq.

0.5 Bark)
No
} }
Pitch strength

x partial loudness sum

Booming strength (BS) according to rpm

295 94 9 AU~ 44 FHE o8 ¥
Y A% §3 A% YA

A Fu A7zt AR Qo] AE BuA
7+ (booming sensation) ¥} oJ® WA Y& 7}
E golny) gsiA, 12 A9 AFA & F3
F A JR 25 did AP sHg
Aed8s 98]  A7IE7PH (magnitude
estimation method) & AM-SH T, & 41 EY
527 ZAesRoh z2ln AFAE 2 AN
A AAE A7) A8 Z71EPEE 9% AN
g #e) Ayt =58 44 Yy 48
o] ABE YA 2.1 FolAd AFE TAE An)
7t A EERIY O AgeE 13 6 3 o

g
<8 4
4
=
£7 i }
g
88 + % t 1
2
35” *
2
‘54»{ * } ]
‘ﬂu
g3 $
2 L 1 A 1 I T 1 1 1 1 1 1
1 23 45067 8 9 101112
Sound No.

a9 6. 3EAEE BH o)W 1270 A4 UF &
&9 937 A3

a9 7 & FUANY FRHoR d2 ¥y
e aug Reolvh o] g 18 7@y ¥

-623-



DA7le ol AFE bl o] £ ATelA 4 &£ B

dojxd DL, 5 Hz & Fa<¢ 42 AL 2

Foli, 1Y 7(b)E 7IE HX 24X AL B dAFoe FAEY o ISAEEL o
L ZFa4 SAE, 125 Hz & &3 otk gl AExt AU 289 37 3 Fao%
zZt agel oIt AAAGT  (coefficient of d8e 3t BEoA Lo ®HIE A £ 9=
determination)-& Bl By 2¥ 7@ A DL, € zto]ald (difference limen)e] 5 Hz @t
7} 0.857, 28 7(b)e]l A$7F 0.762. 2 1 01] = AE U ®=F o éﬂi o 4L 9
A=/t FAEHASTE € 5 Aok 3 Xﬂ“’}% HEr) 7o) AE5A, ISHEE F

A doln FuH %ﬂ—ugw.w Bl watgict. 2
HHoz RYANE Far] st B ATl

(@ Qo7 DL & @ 7o) 71E A A4S 9
14] ° a AR T HAETE AL AR 2R
ol +5 78 oz 0.762 1A 0.857 £ FFHAE

. g BAHGL, ot FHY AZ FEr} P
2o REE 4uls¢u}.
£08¢
[=2]
Eosf
Q =
® 04l % 7|
02} - o o _
ATE BK21 A4 7 AldE ol I
O3 4 s 6 7 8 ¢ w0 HaE5 )
Subjective rating value
: S R il
(b)
[1] R. Helman and E. Zwicker, “Why can a decrease in dB(A)
20 - produce an increase in loudness?,” J. Acoust. Soc. Am. §2,
18F ] ® 1700~1705 (1987).
vol _ [2] ARY, oA, “NA ¢ 51?4‘«1 4 2 284
£ = 2
2., ‘ . g FAGE LR =8, 34533533, pp.
5 2 511~516, &, 2002
o2 o ° [3] S.-H. Shin and J.-G. Ih, “Sound quality evaluation of
E ol booming noise in passenger cars,” InterNoise 2003, CD-ROM
@ og ° No. 609 (2003).
el é [4] T. Hashimoto, S. Hatano, and M. Takada, “Evaluation of
06} 7 booming sensation during acceleration for car interior noise
1 2 3 4 5 6 7 é 9 10 and its quantification,” Proc. WESTPRAC VII, 699-702 (2000).
Subjecitve rating value [5] W. Aures, “A Model for Calculating the Sensory Euphony

of Various Sounds,” Acustica 59, 130~141 (1985).
3 dojx Buyyziz = [6] E. Zwicker and H. Fastl, Psychoacoustics, Facts and
!

©o

i ==1 nd 3

. Models, 2™ updated ed. (Springer, New York, 1999).

% (a) 5Hz, (b) 125 Hz & HE£3} 7] ANE, o4A, “&2 BML 97 2BH Hrte

@& A7) Ateld) vl AR A d) SAGEREN =2, ¥FLYY
: 3], pp. 335 ~ 358, %E, 2003.

-624-



