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Effects of Distribution of Directional Late Sound Energy on Listener Envelopment

Akiko WAKUDA, Yusuke NAKANO, Hiroshi FURUYA and Kazutoshi FUJIMOTO

The purpose of this study is to clarify the effect of late arriving sound on listener envelopment (LEV). In

our previous work, it was shown that late sounds from above and behind the listener as well as lateral,

which had a single directional component, significantly affected LEV when the ratio of early-to-late sound

energy (Cgo) was constant. Furthermore, shown was the relation between Cgpand directional late energy

ratios (DLR), and perceived LEV. In this paper, two kinds of psychological experiments are performed

with simulated sound fields in order to examine the relation between DLR and perceived LEV. In the

first experiment, late sounds which consist of plural directional components are used. The previous

findings about the contribution of DLR to LEV are confirmed also when late sounds come from arbitrary

directions. In the second experiment, the effect of DLR on LEV is examined when the reverberation

time is set to 2.5 s. The result shows that the contribution of overhead and back late energy ratios grows

larger when reverberation time is longer.

Keywords : Concert hall acoustics, Listener envelopment, Directional late energy ratio,
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Fig.1 Arrangement of loudspeakers in Experi-

ment 1.
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Fig. 2 Structure of the sound fields used in Exper-
iment 1. Late sound consists of plural directional

energy components.

Table 1 Seven sound fields used in Experiment 1.

Stimulus BSPL Directional late sound energy ratio

NO. (dB) LElate VEla[e BElate F Elate
1 0.30 0.30 0.30 0.10
2 0.20 0.50 0.20 0.10
3 0.30 0.10 0.50 0.10
4 63 0.50 0.25 0.15 0.10
5 0.10 0.25 0.55 0.10
6 0.60 0.10 0.20 0.10
7 0.20 0.55 0.15 0.10
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Fig. 3 Psychological scale of LEV in Experiments
1(a) and 1(b).

Table 2 The results of multiple regression analy-
ses between perceived LEV and three directional
late energy ratios in Experiment 1, significant at
p<0.005.

Coo(dB) c(l)\fg]t;%]gn Standard regression coefficients
coefficient  LEjate VEate BEiate
-3 0.980 1.558 0.433 0.783
0 0.910 1.686 0.739 1.012
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Fig. 4 Comparison between measured LEV in Experiment 1 and predicted LEV by the previous re-

gression equation®, r: correlation coefficient.
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Fig. 6 Structure of the sound fields used in Ex-
periment 2 (F=frontal, L=lateral, V=overhead,
and B=behind; subscripts [ and r: left and right).

Table 3 Seven sound fields used in Experiment 2.

Stimulus BSPL Directional late sound energy ratio

No. (dB) LElate VElale BElale FElate
1 0.30 0.30 0.30 0.10
2 0.25 0.60 0.05 0.10
3 0.25 0.10 0.55 0.10
4 63 0.60 0.25 0.05 0.10
5 0.10 0.25 0.55 0.10
6 0.60 0.10 0.20 0.10
7 0.10 0.60 0.20 0.10
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Fig. 7 Psychological scale of LEV in Experiments
2(a) and 2(b).

Table 4 The results of multiple regression analy-
ses between perceived LEV and three directional
late energy ratios in Experiment 2, significant at
p<0.005.

Coo(dB) c(l)\fg]t;%]gn Standard regression coefficients
coefficient LE}ate VEate BEjate
-3 0.983 2.897 1.888 2.029
0 0.976 8.375 7.354 7.823

EBR O OFER & L SHIELTWBD, Cgr=0dB D & & 1%
Cso=—3dB (T THBREDMRNZ &350 5. i
1%, Cgo=0dB ® & X%, LEiae (265 VEiate, BFElate
DFEHEOEENIVREL LTI EDOTHDLEEZ
bivh. Thbb, REARHMZELS T5 L, &M%
BT HRNLXRD LEV ~OFHDERNDEN/NS 2D
AT HIL, Z OB Cyg DIEA K E VI EHEE T
Hb.

4.4 FBR2DFELD

PR & 2,58 (R E LIS 4 O 7o D FR R
ATV, g HE VXL LEV ORRIZ OV T
Bt L7z, ZofEE, %EE o FRslo ¥ E0 LEV
~OFHOESWE, MR LREL, EFBIO®% S
W D 7T EINS QB DEGENGH D L, FREEEENE
< 7e % L HRBIBEE = X LX LD LEV ~DE5 O EL
WDFENNE L 725 B D EINERD ST, T OFEE)



151 Cy=-3dB

©)

© 6

Measured LEV
(=]
o

-1.0 ¢ O

15| r=0.956 |

-15 -1.0 -05 00 05 10 15
Predicted LEV

151 Cy=0dB

Mqasured LEV
(=]
(=)

15+ r=0914 |

415 -1.0 -05 00 05 10 15
Predicted LEV

Fig. 8 Comparison between measured LEV in Experiment 2 and predicted LEV by the previous re-

gression equation®, r : correlation coefficient.
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