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Research on sound field uniformity in medium and small Halls

HUANG Zhixuan, PENG Xiaoyun, XIONG Huaxi
(School of Civil Engineering and Architecture, East China Jiaotong University, Nanchang 330013, Jiangxi, China)

Abstract: The distribution of acoustic parameters in sound field affects the sound quality of the hall. By taking a me-
dium sized meeting room as an example and using Odeon software, the effects of material layout and modeling on the
sound field uniformity in small and medium-sized halls are simulated and analyzed under two sound sources. The results
show that the arrangement of sound-absorbing materials on the back wall of small and medium-sized halls has little
effect on the uniformity; the arrangement and shape of materials have a greater effect on the uniformities of early decay
time (EDT) and reverberation time (T,), while have little effect on the uniformities of sound pressure level (SPL), clarity
(Cyp), definition (Ds,) and speech transmission index (STI); the sound source situation has a greater impact on the uni-
formities of EDT, SPL, D, and STI, but has a small impact on the uniformities of T, and C,. The research results can
provide references for the sound quality design and research of small and medium-sized halls.
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Fig.1 Layout types of sound-absorbing material
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Fig.2 Types of diffuser arrangement (unit: mm)
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Table 1 Measurement data of acoustic parameters in the

meeting room at different frequencies

WF/Mz  Tyls  EDT/s D,  C,/dB BNL/dB
125 0.61 0.52 0.82 10.28 39.40
250 0.58 0.54 0.81 10.63 32.10
500 0.56 0.54 0.77 10.58 30.20
1 000 0.58 0.61 0.77 9.78 29.40

2 000 0.58 0.51 0.78 10.58 27.70
4000 0.57 0.48 0.79 9.78 25.70
F2 RWESTIMELER
Table 2 STI measurement data in the meeting room
DS STI I STI )

1 0.69 4 0.70
2 0.68 5 0.70 0.71
3 0.74 6 0.73

3 XWEFFRELLS S R0

IR S 1
K Odeon BAE X1 25130 = (135 SR AT AR,
PR R 2 2 SEFR R SRS . WFFE3RAH: ] Odeon
R ANZRTAI, 7 R AN ROST () (MR R
T, R RACRRE Y B AT A R AR
B A Sk [ A BSR40 22 BT 489 ik fA

1 Odeon F IG5 A1 14 75 Y5 (Omni), 38 55 6
7R (Tlknorm)# Danley Sound $2{/f#] Labs-SH-95
78 2 YRR N A Y. Omni JE38 A1 5 PR
EAE AT, H 125 Hz~4 kHz &S558 75 TR 203
N 0dB, EFEEZN 9 dB. Tlknorm 75 YR ALK,
EBE MR URER R B0, 125 Hz~4 kHz 1] 6
AMESTH I R IK IR N: 61.9. 64.1. 67.8. 62.0.

3.1



1

WEHS: b DNRTE S S

54.6 F149.9 dB, HA7E & BAEATREFEEET 1 m. &
1.5m 4, FYREHFIERT /. Labs-SH-95 248
Wi ge A, 250 Hz~4 kHz 1] 5 AME S it A
JEZMIR Y: 102.1. 100.6. 96.7. 97.0 A1 97.7 dB,
AT B W BRI 0, PR A S A
5450, Qi ad . AR 1 kHz $5 1A
T 7 s

MY WIS S AR A A B T A0, A
A5 e 3 T 75 R R R TR (G Ath 57 B S5 3 IR P 2% A
ANARY, AN KAR AR A B 7 2. AT
A BTN, BRI ECE LA R AR AR
13538 55 75 54 75 4 R IR AEARAR M M55, 45 A
e TR A B S AR, T B R
NTEE 900 mm. T 150 mm. A Y HURI R
AR 2N 250 Hzo [RIEASCANKT 250 Hz BL &
AR SE AT AT L

-
659} 3300 500
5591
4591 300° 60°
8359}

ﬁ 270° 90°
s L s
w359 (£)
4591 a0e 120°

559

659 L 210° 150°

180°
(a) Wil 5B 3T A
o o

659 3300 D CHT 500

5591

459 F 3009 60°
S350l
ﬁ 277I<_)° 90°

= (&)

2 359

4591 a0 120°

559

659 L 210° 150°

180°
(b) TR AT F 1

67
0°( Bl
98.0 - 330° (300
88.0 |
780  300° 60°
g 6801
ﬁ 270° 90°
= =
£ 680 ()
780  240° 120°
88.0 |
98.0 F 210° 150°
180°
(c) #FE AR LTI
0°( Bl
98.0 |- 330° (300
88.0 |
780  300° 60°
56801
N@ 270° 90°
Zesof )
780  240° 120°
88.0 |
98.0 F 210° 150°

180°
(d) s 2RE T 1)
B 7 PR AR 1 kHz BT EVER

Fig.7 Directivity patterns of two sound sources at 1 kHz
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Table 3 Sound absorption coefficient of each surface in the meeting room
. o DS GEE .
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Hb T S AR HUAR 0.05 005 005 005 005 0.05 B T R R
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19 ER AR AR 100 25 016 061 090 078 049  0.53 RS 75 AL R P AR
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Table 4 Position coordinates of sound sources and
receiving points

YR £ B /m BEUSAS P B /m
TmHBEAAEE L (1.0, 0, 1.5) | BlA 1T (2.1, -2.1,12)
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Table 5 The average value of acoustic parameters in the
meeting room with sidewall diffuser arrange-
ment at different frequencies

Hi%Hz Ty/s EDT/s Dy, C,,/dB
125 0.60 0.48 0.78 10.63
250 0.59 0.53 0.79 10.57
500 0.61 0.55 0.79 1035

1 000 0.60 0.58 0.80 9.47

2000 0.59 0.53 0.81 10.19

4000 0.58 0.51 0.83 10.73
Fz 6 ZRWEREMSH STIHEMLER

Table 6 STI simulation results at different measuring points
in the above meeting room

by STI A= STI P
1 0.69 4 0.68
2 0.72 5 0.71 0.70
3 0.69 6 0.71
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Table 7 Steps 1 (sidewall) and 2 (back wall) for the simulation
of sound-absorbing materials arrangement

e mphtR PRSI e ey TTEZCECE
CENR G EC s PENE LS

1 a fics -

> mE |6 d &
3 b g |7 d Bt
4 b 2

x8 ST 3 BIUMMIET BIEHEER
Table 8 Step 3 for the simulation of the layout of
sidewall diffuser

HE&E FHEdE EE HeE PEdR S
77 TEAR How TR 2N How
1 a 1 9 a 3
2 c 1 10 c 3
3 d 1 11 d 3
4 b 1 12 b 3
5 a 2 13 a 5
6 c 2 14 c 5
7 d 2 15 d 5
8 b 2 16 b 5

R9 HR 4 BIUTHR AT EE R
Table 9 Step 4 for the simulation of the layout of
ceiling diffuser

A&y & Me YRk &S
VN UZIN i VN 2N i
1 c 1 11 b 3
2 d 1 12 a 3
3 b 1 13 c 4
4 a 1 14 d 4
5 c 2 15 b 4
6 d 2 16 a 4
7 b 2 17 c 5
8 a 2 18 d 5
9 c 3 19 b 5
10 d 3 20 a 5
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Table 10 1JND recommended value in Odeon

e 1IND e 1IND S 1IND
EDT 5% SPL 1dB D, 5%
Ty 5% Cyo 1dB STI 0.03
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