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ABSTRACT

To measure the air-borne sound and floor impact sound insulation performance, the sound field

correction of the receiving room was conducted using reverberation time. Reverberation time is varied

by environmental conditions, characteristics of sound source, position of sound source and micro-

phones, etc. The sound field correction method on a rubber ball impact sound was standardized. In

this study, the reverberation time was measured and compared using an omni-directional loud-speaker,

a half-omni-directional loud-speaker, and a sub-woofer. Reverberation times at below 500 Hz bands

became shorter when the height of the Omni-directional loud-speaker was increased. The reverberation

times measured with the omni-directional loud-speaker at 1.7 m height were similar with the reverber-

ation times measured with the half-omni-directional loud-speaker. For the measurement of reverber-

ation time in low frequency below 80 Hz band, sub-woofer was installed on the floor. Reverberation

times measured with sub-woofer were shorter than reverberation times measured using the half om-

ni-directional loud-speaker, and the deviation was smaller. In order to make a correction for the re-

ceiving room sound field condition on light-weight impact sound, the height of the omni-directional

loud-speaker should be approximately 1.7 m. In addition, for the sound field correction of the rubber

ball impact sound at below 100 Hz bands, the use of sub-woofer for sufficient generation of sound

energy in the low-frequency band is needed.
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(a) Omni source (http://www.bksv.com)

(b) Half-omni source (http://snvkorea.co.kr)

(c) Sub-woofer (http://velodyneacoustics.com)

Fig. 1 Sound sources which were used for reverber-

ation time measurement
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Fig. 2 Perspective view and diagram of experimental
apartment unit with omni-directional sound
source and microphones



Jeong-Ho Jeong ; Effect of Directivity and Position of Sound Source When Measure Reverberation Time for the Correction ...

e} [e}
o7t 9it
3.1 dgle

o] dATlM= A

P 24 AR 59 FREE RAPY
=4, WA 5 aeal AEHE g R
atoleh. FAE S92 ol 09m, 1.2m % 1.7
m= WA HA AN FHFAFOl AL
= FHE AR RS siolvh wEAEY &
A A nigel wjAste] WAl FFFA SO
s 2203 Ak 2o R Agsoln) e
Az vele FRF Ao g olg Awa)

18 ¥ r r T T T
44| ‘\ +Woofer i
40 F \ Hemi
asf -70mm09-
T W T & s s S A o = Ky * - Omni1.2 J
a ] \ & Omnitl.7
= !\ *
2 \ \'\
Em-fff\lri‘f 77777777777 /L 77777777777
s i i
é \2\’4\\?{ J/
EUL TN L A ey
. O W 2o
AN ;;ywﬁ N
0s bk R = y_ L e
04 1(‘)0 10‘00
Frequency [Hz]
(a) Averaged reverberation time
77777777777777777777 —+— Woofer ]
A Hemi
---#--- Omni0.9 [J
- --0mni1.2
&~ 0mni1.7

Reverberation Time [s]

: & ! '\' \i”"ﬂ\a-iﬁc
1000

Frequency [Hz]
(b) Standard deviation of reverberation time

Fig.3 Reverberation time measurement results at
0.6 m height receiving points
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Fig. 4 Reverberation time measurement results at
1.2 m height receiving points
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Fig. 6 Reverberation time measurement results with
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Fig. 10 Reverberation time measurement results

with sub-woofer on the floor
(* W17: Subwoofer, microphone 1.7 m)

A

9} wﬁ}o}ﬂi 94% 63317} Y o' A ZtE]o]
A 2~9AY] B9 FABH AFak 9]
ZgEA7e] 2 Roz Fkd
Fig. 10> A|B.§-

S
AL SAolth. AHENE ALSE AS 40Hz~

2 Uepor], £o3 Eolol we @7 49
MBHE wle- e ow Uepte,
NESHE AHal] ZAT BAIZke] BEAA)
9

£ 40 Hz o1 BENA A3 F9E A



Jeong-Ho Jeong ; Effect of Directivity and Position of Sound Source When Measure Reverberation Time for the Correction ...

lo
o
o
e
o%
>
)
b
1IN
kel
=5
FN
=)
o

1
o
=
2
o

12
o,

o2 o2 o
&
L ¢
i
o,
X
z

b

[o 18 do
HU o FUZ
fd H0 do
(AU
)
1 oxl

o
o
S
S
an
N
l
w
=
S
an
N

w2 )

i,

e

[
ox
>
dlo
19
1o
o

Me g
-3
N
BN
ok
fint
=
f
S i =
o g
o
o
>

O

[ied

o

o

oE

=
¢

2

oo

ofr

ol

g
>
)
tjo
[N

b do
oxl
=
o
ox
=
)
o
fru
)
L
T
T
of
n =
o N
— 1
(8]
=
S
jan
N

W
oL HU
o

oF

A
o,

2

i)

(% of

4o oy
N

J UIO ["_>Z'1_4
dlo

il

o)

> 10
ofj

2 N
dlo

N

mY)

ox,

off

o

[\

oxl

_‘L

(E A
[N
o o
_O|L

o o
o,
ulf
f
o
o
N
)
:og
-
dlo
>
o
e

0]
N, O
~N
FN
e
o
>
)
o
rlr
~N
FN
oL Om
N
~

LN
Q2 9
T
o
et
=
e
o2t
RJ
)
rlo
||\t
N

)
ol
o

do to o

do

m
oxl
>
of

[
oX,

o
ox
=,
=
‘B
ot
)
r

ol
42
o =

o2 AN
o
dlo
EO

& ol
Rl
k1

ﬂé
U=}

K
e
kI
T
ol

dlo
ox
o
s
oxl
ol
ol

\r

= oof > % do do Y fE > pE o
o
m
N
(US)
jas)
N
=
Q7

12 N lo
2 o
o
>
)
||
ON
O
ok
o
=
e
o
it
N
)
12
fo
ol
ol
i

10 do

Ae =ik

500 Hz o% iy A 599 Sl wt
zfo)7b AA e F o= YETE 500 Hz ©]3t

=
Folg el A
AL BS Aokile

A 2L

=
FARY 29700 FEE o o] TAHA
=

i

fuj

W

[0 o
L E

o

rir

—d

of} tjeje] AFAL b A Yelskon],
AL BAE 7P A2 Ao dehhth 2oy

HEWE ARSIl E 32Hz olst toe] kA
Aom yepgon, of
B$-3E AHgatel = 32Hz oldt
o o] AYEA 7] o

oot i
ms o
o
}1.
e 2
ro ‘;HE
i

ox rlr rr o o L 12
i
Ho
:Ouga
>
rir
2
)

A

oxl
>,

PN

TE=

AR

2IAE

=l . 2Py A

23 WeHoR AREE sk om
1

7m 0|2 3}

b

o% dlo N
e
1> do

9 HU oo ob i T
(M o = . -
o 4
yon o o
do o 1 o
RSN
dlo >_01 &Z_l,
o N
1E @ 1o
ol
do = ur
o o
[t
© o
oX
o g
o nfl o

poul
o
e
i)
o,
+
N
()
()
T
N
o
ox
Ruiiin)
19 B
o 7
o2 RO ol Ho AL

[o v Qb fov oy &L I
oo 2 b Jo
rlr

References

(1) KS F ISO 10140-2, 2016, Acoustics — Laboratory
Measurement of Sound Insulation of Building Elements
— Part 2: Measurement of Airborne Sound Insulation.

(2) KS F ISO 10140-3, 2016, Acoustics — Laboratory
Measurement of Sound Insulation of Building Element —
Part 3: Measurement of Impact Sound Insulation.

(3) KS F ISO 16032, 2016, Measurement of Sound
Pressure Level from Service Equipment in Buildings —

Trans. Korean Soc. Noise Vib. Eng., 28(4) : 388~396, 2018 | 395



Jeong-Ho Jeong ; Effect of Directivity and Position of Sound Source When Measure Reverberation Time for the Correction ...

Engineering Method.

(4) Jeong, J. H., Kim, J. U. and Jeong, J. G., 2013,
Floor Impact Sound Pressure Level Characteristics by
the Change of Reverberation Time in a Reverberation
Chamber, Transactions of the Korean Society for Noise
and Vibration Engineering, Vol. 23, No. 3, pp. 274~281.

(5) Jeong, J. H.,, Lee, B. K., Yeon, J. O. and Jeon, J.
Y., 2014,
Characteristics by the Change of Reverberation Time in
of the
Society for Noise and Vibration Engineering, Vol. 24,
No. 4, pp. 339~347.

(6) Oh, Y. K., Joo, J. S, Jung, K. Y. and Kim, S.
W., 2001, Measurement of the Reverberation Time of

Floor Impact Sound Pressure Level

Mock-up Test Rooms, Transactions Korean

Rooms with Reference to Other Acoustical Parameters,
Proceedings of the KSNVE Annual Autumn Conference,
pp. 392~396.

(7) Oh, Y. K., Joo, J. S., Jung, K. Y. and Kim, S.
W., 2001, Measurement of the Reverberation Time of
Rooms with Reference to Other Acoustical Parameters,
Proceedings of the KSNVE Annual Autumn Conference,
pp. 230~233.

(® Shin, S. H, Ih, J. G. and Kang, H. J., 2001,
Effect of the Measurement Error of Reverberation Time
STL, Proceedings of the KSNVE Annual
Autumn Conference, pp. 1099~1103.

9) Park, C. Y., Hong, G. P.,, Kim, S. H. and Jang,
D. W., 2007, Analysis of the Reverberation Time in the
Normalized Impact Sound Pressure Level, Proceedings
of the KSNVE Annual Spring Conference, pp. 922~925.

(10) Lee, J. W., Hong, B. K., Lee, D. H. and Kwon,
Y. P., 2004, Analysis of the Deviation Factor in a
Reverberation Time to Measuring the Normalized Impact
Sound Pressure Level, Proceedings of the KSNVE
Annual Spring Conference, pp. 509~512.

(11) Lee, J. W. and Kwon, Y. P., 2006, Effect of the
Measuring Method of Reverberation Time Using Impulse

on the

Response Method on the Normalized Impact Sound
Pressure Level, Transactions of the Korean Society for
Noise and Vibration Engineering, Vol. 16, No. 1, pp.
34~39.

(12) Song, G. G., Lee, C. S. and Kim, Y. H., 2014,
Effects of Environmental Conditions on Uncertainty of
Reverberation Time, Proceedings of the KSNVE Annual

396 | Trans. Korean Soc. Noise Vib. Eng., 28(4) : 388~396, 2018

Spring Conference, pp. 439~440.

(13) Lee, B. K. and Kim, M. J.,, 2005, Field
Measurement of the Reverberation Time in Occupied
and Unoccupied Apartment Houses, Proceedings of the
KSNVE Annual Autumn Conference, pp. 654~657.

(14) Kim, M. J. B. K., 2006, Field
Measurement and Evaluation of the Reverberation Time

and Lee,

in Residential Buildings, J. Korean Soc. Living. Environ,
Sys. Vol. 13, No 3, pp. 213-221.

(15) Kim, J. H., Jeon, J. Y., Jeong, J. H. and Lee,
B. K., 2013, Uncertainty Evaluation of Reverberation
Time at Low Frequency in a Residential Building,
Proceedings of the KSNVE Annual Autumn Conference,
pp- 298~299.

(16) Jung, J. Y., Cho, H. M., Shin, H. K. and Kim,
M. J., 2013, An Experimental Study on the Subjective
Response Evaluation of the Perception Time Difference,
Proceedings of the KSNVE Annual Autumn Conference,
pp. 844~845.

(17) Kim, J. H. and Jeon, J. Y. 2013, Effect of
Temporal Decay on Perception of Heavy-weight Floor
Impact Sounds, Journal of the Acoustical Society of
America, Vol. 134, No. 4, pp. 2730~2738.

(18) Schwenwald, S., Zeitler, B. and Nightingale, T.,
2010, Influence of Receive Room Properties on Impact
Sound Pressure Level Measured with Heavy Impact
Sources, 1st EAA - EuroRegio 2010 Congress on Sound
and Vibration.

(19) KS F ISO 16283-2, 2017, Acoustics — Field
Measurement of Sound Insulation in Buildings and of
Building Elements — Part 2: Impact Sound Insulations.

Jeong-Ho Jeong is currently a se-

nior researcher at Fire Insurers
Laboratories of Korea(FILK). He re-
ceived his MS and Ph. D degree in
architectural engineering from
Hanyang University, Korea. His re-
search is interests include stand-
ardization in building acoustics field. Also, he has inter-
est on the sound localization research for AES(Acoustic

Evacuation Signal).



	수음실 음장 보정을 위한 잔향시간 측정시 음원의 지향 특성 및 위치의 영향
	ABSTRACT
	1. 서론
	2. 공동주택 잔향시간 연구
	3. 음원별 잔향시간 변화 실험
	4. 결론
	References


