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Evaluation of Acoustic Performance about Dome—typed
Gymnastics Training Floor Using Auralization

gAR-FYE-QA S
Jae—Hyun Yun, Duck—Hoon Ju and Jae—Soo Kim

(2007d 5€ 299 A4 ; 20079 79 49 AAER)

Key Words : Dome Roof(E%#7%), Room Acoustics(dW-&%), Computer Simulation(HFe AlE#HelA),
Auralization(7}3 8}), Psycho-acoustic Experiment(H 24 %)

ABSTRACT

In case of indoor gymnastics training floor, in view of its characteristics, since it is
simultaneously required the related smooth communication between the coach and the player, also
the acoustic performance regarding to the clearness of music, besides the sport activity, the
consideration about the acoustic character has entered the stage as an indispensable element. On
such viewpoint, recently constructed dome~typed gymnastic training floor was optimized acoustic
design with remodeling through acoustic simulation test. And acoustic satisfaction degree and
reaction was attempted to investigate about the gymnastics training floor estimating value of
human's psychological (sensual) degree using auralization that enables to experience the virtual
sound field at the stage of design. As the result of investigation about the research on the space
of object, it could be known that the valuation regarding to the acoustic performance of
‘after—improvement’ was distinctly more refined than that of ‘before—improvement’. It is now
considering that such result of the study can be utilized as the useful data which enables to
improve the retrenchment effect of the construction cost as well as the acoustic capability, by
means of the prediction - control on the acoustic problem from the stage of design, for the
occasion when the similar indoor sport gymnasium is planning to build for the near future.
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Tablel The dimension of the subject indoor

gymnasium
Classification |Dimension| Classification | Dimension
Floor space 837.2m? length 36.4m
Width 23m |lieight of D‘;erit““g 6.45m
Height of celling| 11 o531 | volume 773045 m’
upper part

Table 2 The finishing material for the researching subject indoorgymnasium before improvement

Location Finishing material 55 550 I*;gc(;uency ?QZ) oK K

Stage Floor Maple flooring 0.20 0.15 0.1 0.09 0.09 0.09

Mat Carpet 25T 0.02 0.05 0.1 0.35 0.45 0.55

Wall Interior sidewall Sandwich panel 0.01 0.01 0.01 0.02 0.02 0.02

Ceiling | Interior finishing | GISINg BV Water pam of | o7 | 02 | 04 | 085 | 07 | 07

Door Glass door 0.18 0.06 0.04 0.03 0.02 0.02

Window Common glass 0.35 0.25 0.18 0.12 0.07 0.04

Other Pillar H-section steel 0.01 0.01 0.01 0.02 0.02 0.02

Lower part of pillar Safety rubber rib 0.03 0.03 0.04 0.05 0.06 0.07

Washboard Lauan timber 0.01 0.02 0.02 0.02 0.03 0.03
SFZASTNEZEI=EX/A 17 AB8E, 20073/709
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Table 3 Authenticity examination on actually measured
value and predict value for remodelling

\ WA
W

(b) 3D modelling and sound-receiving point

Fig. 2 The general view of the object indoor gym-—
nasium and 3D modelling

(500 Hz)
RT(sec) | SPL{AB) | Dso(%) | Cao(dB) [RASTU%)
Survey 3.42 63.71 21.18 ~-3.83 42.88
Prediction| 3.45 63.10 23.50 -4.01 43.00

Table 4 The finishing material for the researching subject indoor gymnasium after improvement

Frequency (Hz)

Location Finishing material % 250 500 ™ e K

Floor Lumber-styled flooring 0.2 0.15 0.13 0.11 0.09 0.06

Stage Mat Exercise mat on carpet 0.03 0.09 0.25 0.31 0.33 0.44
Wall Interior sidewall Wood Wool Panel 50T 0.1 0.2 0.45 0.8 0.6 0.75
Ceiling | Interior finishing | Shesion of WMusion 4 906 | 01 | 02 | 04 | 05 | 05
Door Glass door 0.18 0.06 0.04 0.03 0.02 0.02

Window Common glass 0.35 0.25 0.18 0.12 0.07 0.04

Other Pillar o oy | 005 | 012 | 037 | 055 | 068 | 07
Lower part of pillar Safety rubber rib 0.03 0.03 0.04 0.05 0.06 0.07
Washboard Lauan timber 0.01 0.02 0.02 0.02 0.03 0.03

rr
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Table 5 Comparison of room acoustic characteristics
before and after improvement (500Hz)

RT | SPL | Dw | Cw |RASTI
(sec) (dB) (%) (dB) (%)
. Before 342 | 6371 | 2118 | -3.83 | 42.88
improvement
| After 139 | 56.08 | 46.88 | 1.73 | 60.00
improvement

LA A

After improvement

Before improvement

80

-+ Before improvement
75

-a- After improvement

1 2 3 4 5 6 7 8
Sound-Receiving Point

(a) SPL Distribution simulation

Dsol3%}

Before improvement

6

Before improvement

100

80 -

80 -

After improvement

-+ Befora improvement

-8 After Improvement

1 2 3 4 6 L] 7 8
Sound-Raceiving Point

(b) RT Distribution simulation

After improvement

—+- Before improvement

-& After improvement

1 2 3 4 5 L] 7
Sound-~Racaiving Paint

{¢) Dso Distribution simulation

After improvement
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Fig. 4 Before and after improvement room acoustics
distribution simulation(500 Hz)

ﬂﬁﬂ ﬂﬁﬂ

ol Uge ngoz MIyYdF At A
#old B3 AM A-F AUt 54 vas} A
golE 53 E¥ X Table 59} Fig. 49 Zth
=% "]‘331]"]@3 Sato] EAe B A% 223
& FJ7EAFA S ““Hi(SPL) ZHEFAIZHRT),
SAHEED 50) SIHEE(Cho), SAALAT
(RASTD Se] 7A ﬁi‘:} A F 25 gEd g
B9

3 SFATE BYS ¢ F ATk

o n\o

3. Jt¥EE 0|

g8 28¥ds FIt

3.1 Jtdstel i

P sHEEE @ &9 A DA FFE Al

T12/32 28NS 33 =2 /A 174 A 8 %, 20073

Dry source recording
in anechoic room
L, Convolution <

Impulse response
in the hall

Listeng by headphone

Listening at anechoic room
Fig. 5 Auralization process

Beolde B3 STHAE & FH A £EAd
Al 73 JEA SH(mpulse response)¥ F-3kAo
A 583 Ye(dry source)S ¥4 Hconvolution)
ato] S8 AlEdolde Az met o= dd R
AEA OB E AH S 27-(“1,4 vhgkel] wpE dbA}
&9 12442 2¥&a, 1 2HE 2948 59
o AAste AL TEh VEY 5F AEdolA
o 9% AXZFEAE AEIINA AADGANNE
AR RS AE oE &
3k AL AY %}1313} a
T Eo] AAGANA &4
A& AFY = doH, TFaer AAR
Hsle] mE A
LogH 3]sl
7pgste] #ALS Fig.

mZ -101'
oot ogt lo

st HIto1g =AM

23141 H7ksl7] $18l Beranek,
TEojd WS vigoz gy
2 T F Ue AHES

d

st =
Barron o o
T FHH



A48 ol &3 B3 AxAsye 5 sl

4

a7

A —_e——_—— e e

by

g4 BeugEs Aundel 21
B b AAEASRS) B4

£ gobe) ALgo] I FEF Ashel sapaFol
288 nelsld AAATe BrkHE s1zE A
B9 o9 AR FAHY

o &% Uil AR o3 B3 A

gte] #AZ EAE R Table 63 2T
o)ZA 29 FNHE vF2RE n5e A

Table 6 The constituent factor of acoustic perfor—
mance of the subject indoor gymnasium

e H= g

. . Subjective Physical
The used vocabulary factor factor
Construct / Replete Reverberance RT
It feels as if performing at a
far distance / It feels likely .
as performing at a close Intimacy ITDG
place
It hears low sound /
It hears loud sound Loudness SPL
It sounds thick / e
It sounds clear Intelligibility D50.C80
Tt is dull / It is vivid Clarity
Sharp / Soft Warmth BR
The sound inclines toward
one side / Balance
The sound keeps a balance 1ACC
It concentrates to one side /
It diffuses widely Envelopment

Table 7 Evaluation Sheet for Assessment on sub-
jective response

] Evaluation
By item
Naver be not ¢————» So much
1 2 3 4 5 6 7
Reverberance oo g P
. t 2 3 4 5 ] 7
Intimacy ot e e
1 2 3 4 5 [} 7
Loudness U R SR TS W
TR 1 2 3 4 5 § 7
Intelligibility [R— PR } .
. 1 2 3 4 5 [} 7
Clarity s R e Mt S
1 2 3 4 5 ) 7
Warmth E } ; - e
1 2 3 4 5 ] 7
Balance ottt
1 2 3 4 5 6 7
Envelopment [I— | | J |

&2} Osgoodel]l <8 Aot 2JulEHR(SD; method
of semantic differential)S ©|&3F A% A A}
£5o]d HEX|E Table 7% Zo] 7433,

MER 9 9% FEox FHA Fh F5S X
galgon, B 1~7TAR9 FAE FHY
wzo] 1o 7SS “a%R grkoly, 79 7
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Table 8 Composition of auralization sound source

Sound source number Sort of sound source
1 Applause sound
2 lecture sound (woman's voice)
3 Instrument sound (violin)
4 Cheering song (worldcup
cheering)
5 Music accompaniment
(patriotic song)
6 Folk song (arirang)

ZASHESZTEI=2H/A17A A8ZF, 2007d/713
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Fig. 8 Psycho—acoustics experimental equipment and
experiment scene
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Table 9 Average reaction before and after impro-—

vement

Nol. Before  |Applause|Lecture| Violin|{Cheering|Patriotic|Ari-

improvernent| sound | sound |sound] song | song (rang
A [Reverberance| 6.15 | 6.95 |6.25| 6.35 | 5.70 [6.80
B| Intimacy 2.65 | 240 [3.20| 290 | 3.15 |2.75
C| Loudness | 4.80 | 5.60 |5.60| 5.80 | 515 [5.60
D | intelligibility} 2.15 | 1.65 } 2.60| 2.65 | 2.70 2.35
E| Clarity 210 | 145 [2.75| 270 | 260 2.25
F{ Wamth 250 | 2301285 280 | 3.20 [3.20
G| Balance 250 | 225265 275 | 3.05 270
H |Envelopment| 5.55 | 6.05 {5.75| 5.65 | 5.55 [6.15
ol After  |Applause|Lecture| Violin |Cheering {Patriotic| Ari-

improverment | sound | sound |sound| song | song jrang
A |Reverberance| 3.45 | 4.00 [3.05| 4.00 | 3.40 (3.95
B| Intimacy 425 1435 |5.00| 455 | 4.35 [4.55
C| Loudness { 3.90 | 435 {4.45| 4.70 | 4.15 14.35
D | Intelligibility | 4.70 | 5.15 {545] 535 | 540 (530
E| Clarity 500 | 5251590} 5656 | 530 [5.30
F| Warmth 420 | 460 [4.75) 475 | 470 [5.10
G| Balance 445 | 485 {5501 5.15 | 520 [5.20
H |Envelopment | 3.25 | 3.35 {3.00| 3.40 | 3.55 [3.70

~
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—--Vlolin sound

- Chesering song

The responding value to evaluation

-

— Patriotic song j-—Avlrgng

A B G

D 13 £
Rating vocabulary

(a) Average reaction before improvement

ing value to

-=-Applause sound ——lecture sound

—~ Violin sound -=Cheering song

Ther

—~Patriotic song ~Arlrang

A B G

D E F
Rating vocabulary

(b) Average reaction after improvement

Fig. 9 The average reaction with each vocabulary
before and after improvement
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