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Favorable Reverberation Time of Concert Halls Measured in a 3D Synthesized Sound Field
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Summary

This paper examined the favorable reverberation time in concert halls for orchestral music. Anechoic music sources were
reproduced by 45 loudspeakers on stages and recorded with a 32-channel spherical microphone at audience seats. Four
orchestral music excerpts were chosen. By fourth-order Ambisonics playback in the laboratory, psychological experiments
were conducted with 21 music experts judging reverberance. Mid-frequency reverberation time (RT),) and early decay time
(EDT,,) are both highly correlated with reverberance. Their favorable values are determined by tempo: for Presto to Allegro,
favorable RT,, ranges from 1.7 to 2.2 s; if extrapolated to Andante, RT\, ranges from 2.0 to 2.2 s.

Keywords: reverberation time, acoustic design, subjective experiment, ambisonics

1 EC&IC

EBOFEHFNIBW T, ROORFHFEEDIDIZ V7% HRERE (RT) ICRETIEINEVITETHL, =

MZB LT, MIEEREFTE IS L > TCIN T THA ZEARIE SN TV DS, Z ORI S O NBHIWT - FELT
IZES DT, BRI T3 IR SN TV 2,

FREERFINC B3 2 2N FE TOLBIIFZEIIIBEA2 D ORI FAET 5o 121, FREOHEIZHID T 5 A7
BEZROLIETHL"Y, bIH121E, A= VORBERLHEBICH L TENSIZAEDLVRTEZHL2IZT S
LThHNYY KIFRONHIHRE TH D, T LT, Beranek” IFEFHOE T > — bk — L O FTHE R
HOWT, RTOBIEFHHAZRL TWwb, ZIUIEM L, GHEMZEEHTRETH Y, HHRWICRCFHSN TV S,
WD HEAZHPHI LB IERT AN 72§ R EMELMEE G2 T b,

Kuhl¥ (33H O+ —4 2 b FHFHIZT 5, FBOICHFE LORTEZHRE L TV b, MRidddk, o< ik Bl
RIZOWT, BIEEIZZFNENLS, 2.1, 15sE o2l b2 WELTHY, TomAIE, 4 LIZLIFIHE
NTWwa, LoL, HOWRENIL RETOT P AMEDE FNVER IR E LfFEahe L ToOR#EEE
KDDL L Thotzo EERILIL, M, RBRTIZEEDAY A VD HVIZBLEHXFIEKET LI LE2RL
722 Thb,

FBHOMBHIRY, HEWRTIZE T 2 A2 AR 23T, KuhlllfE, PP EHRES N TR v, 20,

*1
%2
%3
%4

gt () Prep D%I5EAliseRT it (04%)  Formerly, Research & Development Institute, Takenaka Corporation, Dr. Eng.
Feairzedt  EmIIZER 8-k (1.4%)  Senior Chief Researcher, Research & Development Institute, Dr. Eng.

FAEZEAT  FEREWIZER Senior Chief Researcher, Research & Development Institute

FAEZEAT R - BRETAERIZEES  BEREREE 7V — 7K Group Leader, Research & Development Institute




R RIRE No.81 2025
TAKENAKA TECHNICAL RESEARCH REPORT No.81 2025

FRE - PRSI CES L, A= A N T OB A EE - FHliT A I LRS00 H Db, T LT
BTR,b, COMNE Y 7 AHBEHTLIERERIHLEEZOND,

KEETH TN EHP L -FIEIIR > TEREITI N, EEOF—VIZBWT, EEREE LT A5
A S OPRE L F X VAN AE =T ¥ AT L CHE L TRMERSEG 2R T 5. BH, UFLES%
W OSAREGHEFM THL4RT V€V =y 7 AT THEEICIRRL T, HBRERIEREKEZHET 2. 20
RS, A=V TOF—F AT HFEOMWIE R E LR BRT 2 MG %o

2 EREE Table I A+ —7 A b ZHBEEH ((EMH (22285 00)

Number of orchestra players (see sect.2.2 for composers)
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Table2 SFIZHEAI L7234 —t + — VT & ENE R
Objective measurements of concert halls' . The subscripts “L,” “M,” and “3” represent the octave band average for 125 and 250, 500 and 1,000, and
500, 1,000 and 2,000 Hz, respectively. Receivers p101 and p21 are main floor and balcony seats, respectively

Hall Receiver Plan shape N \% (mj) RT, RTy BR EDT, EDTy Csos G Gy TACCg;

A plo1 1.26 1.22 1.03 1.29 1.25 33 5.1 53 0.63

Fan-trectangle 1,932 9,200
Awo plol 1.25 1.05 1.20 1.60 1.14 59 1.5 3.1 0.69
plol 1.78 1.55 1.15 2.09 1.79 33 35 5.4 0.61

B Fan+rectangle 1,945 16,290
p21 1.71 1.56 1.10 1.92 1.67 0.0 23 33 0.52
plo1 2.17 2.12 1.02 1.75 1.66 0.9 72 73 0.57

C Surround 2,008 28,000
p21 2.29 2.19 1.05 2.08 1.54 0.2 2.8 42 0.64
pl01 2.09 2.41 0.87 1.80 2.13 0.7 9.2 9.3 0.33

D Shoebox 1,636 15,300
p21 2.18 2.51 0.87 1.70 227 -1.2 6.6 6.6 0.30
plol 2.15 2.05 1.05 1.70 1.68 13 5.4 6.3 0.27

E Shoebox 1,636 15,300
p21 1.96 2.07 0.95 1.84 1.90 -0.7 38 3.6 0.30
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Table 3 FRZEK & RTy, EDTy, Cyo3 & DHIBILRE
Correlations with reverberance in RTy;, EDTy;, and Cgy 5
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HRA1REIZr=0.89-0.94TH 5 (Table 3)o M/¥T X — % O K pruckner 0.91 <0.01 0.055
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Judgments of reverberance plotted against RTy, for four music The same as in Fig. 4 except for the horizontal axis EDTy,

excerpts. Horizontal arrows show the favorable ranges
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A L 72 B ORT & Coou H B VAIBIBIR (r=0.83) 2B 57280
Td b, Table SELHT 5 &, RT, &SRB L ORI
VT ROEMIZOV TS, Cyy & PR L ORMBIREI A
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TR L720°, Cyo,WFREE & b CHIBE L 72

35 ITUF%RZX

RITIE, FRLZFESED T Y KR AW THRET
bo AR L7 & 9 ISR RIZBIE O T 7 Fa AI2iE, Sl
LAV (Lyy) DBRELHIET %0 2 TTRTOFRES (10
B X APKE) DL, ERTy (5B WIZEDT,) =Z#HE LT
B L DL ERIGEGH 217572 (Table 6)o PFET, Ly,
WRATAML Y TR (Gy) ZHWTH G L7,

INEVROZEDEZD (1) LEABRE L R AT
TERBOMEDNSHIWTT 5L, bk &k FRBEIIRT 5\
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o
>
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Fig. 6 HEH7SCyo s LIAMEFig. 41CF L. 7272 LHESEEEPH T
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The same as in Fig. 4 except the horizontal axis Cg .
The favorable range of Cy, ; is not shown.

Table 5 FEEHK, RT, Cys O IRANBIREL
Partial correlation coefficients among
reverberance judgment, RTy, and Cy;

RTy (s) Cyo; (dB)
Mozart 0.54 =037
Rossini 0.62 —0.01
Reverberance
Bruckner 0.68 -0.28
Stravinsky 0.89 0.34

Table 6 77 N4 A LRT X5 2 FRBIK DL E )G /AT
Analysis of multiple regression of reverberance on loudness and
reverberation time

Variables RTy, Loy EDTy, Lieg RTy EDTy
Multiple correlation coeff. 0.87 0.90 0.88 0.90
Adjusted coeff. of determination 0.75 0.81 0.76 0.81
F value <0.001 <0.001 <0.001 <0.001
tvalue of RTy / EDTy 10.64 12.54 11.04 12.82
tvalue of Ly, / Gy 0.248 —0.909 - -
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