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Application of gray relation analysis to acoustics
evaluation of the oriental philharmonic hall

SONG Yong-min, ZHANG Kui-sheng
(Zhang kuisheng Acoustic Design and Research Studio, Shanghai Xian Dai
Architectural Design (Group) Co. Ltd., Shanghai 200041, China)

Abstract: Objective measurements and subjective evaluation results of Oriental Philharmonic Hall and 14
large world-famous Concert Halls are compared. Though the acoustic quality of Oriental Philharmonic Hall
is satisfied, there is no clear conclusion about the acoustic satisfaction level for the Hall. In accordance
with the principle that the Hall with similar acoustic qualities should have the same rank, it can be deter-
mined that the acoustic quality of Oriental Philharmonic Hall is most similar to that of Berlin Symphony
Hall. Therefore, with gray system relation analysis method it can be concluded that the acoustic quality of
Oriental Philharmonic Hall is outstanding.

Key words: gray relation analysis; acoustical parameters; subjective evaluation; concert hall
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Table 1 Measurements of acoustical parameters in
oriental philharmonic hall

fIHz

125 250 500 1k 2k 4k
RT(U) 210 2.00 200 190 1.80 1.50
RT(O) 190 1.90 170 180 1.80 150
EDT(U) 210 190 190 1.80 1.80 1.40
EDT(O) 170 170 160 160 1.60 1.40
C80(U) -30 -11 11 1.4 0.9 1.9
C80(0) -32 000 16 2.0 2.0 2.4
LF(V) 025 024 026 038 035 0.39
ALp(U) +38 +26 +20 +23 425 32
BR 1.09

turoto” ,RT(U)
,RT(O)
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14
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Table 2 Architectural characteristics of 15 large-scale concert halls
N
/m3 / (m¥ ) /m /m /m /m
24 000 1980 12.12 11.0 42.0 52.0 31.0
18 780 2037 9.22 17.1 21.7 26.2 25.6
18 750 2625 7.14 18.6 22.9 39.0 40.5
15 000 1680 8.93 174 19.8 35.7 40.2
10 500 1448 7.25 15.2 21.0 235 24.4
21 000 2335 8.99 12.8 42.7 29.0 30.0
22 000 1952 11.27 18.0 27.4 27.4 335
16 290 2101 7.75 16.8 27.4 32.9 41.2
TOC 15 300 1636 9.35 215 20.0 33.8 34.6
11 400 1546 7.37 14.0 195 29.6 29.9
- 26 500 2982 8.89 235 32.9 375 41.2
21 240 2715 7.82 12.2 40.2 30.5 38.7
18 240 2839 6.42 134 39.3 375 43.9
17 750 2 026 8.76 14.3 39.3 27.4 35.1
86 650 5080 17.06 36.0 47.0 44.5 42.7
3
Table 3 Basic data in the gray system
EDT BR SDI Cao LF
1.85 1.09 0.9 1.2 0.32
2.60 1.08 1.0 -3.6 0.18
2.35 1.07 1.0 -2.6 0.24
3.00 111 1.0 -43 0.18
2.20 1.24 0.8 -2.6 0.16
2.10 1.01 0.8 0.1 0.16
2.10 0.98 0.6 -0.8 0.18
2.00 1.19 0.8 0.0 0.14
TOC 2.70 1.05 0.9 -2.8 0.16
3.00 1.22 0.9 -4.0 0.16
- 2.00 1.22 0.6 -0.3 0.14
1.70 0.98 0.5 -0.9 0.14
1.65 1.26 0.3 2.2 0.15
1.90 1.10 0.3 -1.2 0.15
2.65 1.13 0.5 0.5 0.14

[2]
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4 p=0.2
Table 4 Relational coefficient and order under p=0.2

EDT BR SDI Cso LF

0.72 0.99 0.81 0.19 0.52 12 At

0.79 0.98 0.81 0.22 0.65 3 At

0.63 0.98 0.81 0.17 0.52 13 At

0.85 0.86 0.93 0.23 0.48 7 A

0.89 0.92 0.93 0.50 0.48 1 A

0.89 0.90 0.71 0.36 0.52 5 A

0.93 0.91 0.93 0.47 0.45 2 A

TOC 0.70 0.96 0.93 0.22 0.48 9 A
0.63 0.88 0.93 0.18 0.48 14 A

- 0.93 0.88 0.71 0.42 0.45 4 B
0.93 0.90 0.64 0.35 0.45 11 B

0.91 0.85 0.53 0.54 0.47 8 C+

0.97 0.99 0.53 0.31 0.47 10 C+

0.71 0.96 0.64 0.61 0.45 6 c

ZHANG Kuisheng, WANG Jingbo, YANG Zhigang. Archit-
ectural acoustic design and subjective and objective acou-
5 stics evaluation of the oriental art centre[J]. Technical A-
coustics, 2006, 25(4): 352-357.
[2] , [M]. )
, 2002.
Beranek L L. Translated by WANG Jiging. Concert halls
and opera houses[M]. Shanghai, Tongji University Press,
2002.
[3] , ,
14 , 1999
LIU Sifeng, GUO Tianbang, DANG Yaoguo. Theory and
application of gray system[M]. Science Press, 1999.
) [4] Acoustics. Measurement of the reverberation time of roo-
ms with reference to other acoustical parameter. ISO 3382-
1997(E) [S].
[5] Ando Y. . [M].
1989.
, . Ando Y. Translated by DAI Genhua. Concert hall acou-
[J]. , 2006, 25(4): 352-357. stics[M]. Beijing: Science Press, 1989.

[M].

[1] :



