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Effects of Total Level and Arrival Direction of Late Sound on Listener Envelopment
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Akiko WAKUDA, Yusuke NAKANO, Hiroshi FURUYA,
Kazutoshi FUJIMOTO and Ken ANAI

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 significantly affected LEV when the ratio of early-to-late sound energy (Cgg) was constant. In

this paper, a psychological experiment is performed with simulated sound fields in order to examine the

relation between Cgo and directional late energy ratios, and perceived LEV. The result shows that the

contribution of Cgg to LEV is the highest in the negative. This means that LEV increases as the late

energy increases. Furthermore, late overhead and back energy ratios are definitely effective for LEV at

the rate of approximately 35 to 62 percent of the effect of lateral energy ratio.

Keywords : Concert hall acoustics, Listener envelopment, Directional late energy ratio, Ratio of

early-to-late sound energy, Psychological experiment
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1. FC®IC

A Y —hE—)VOFHEFMITIEERLENERD
—D YRV 0 & (Spatial impression) IZIE RN T O FIED
I (ASW) & FIRBENLZEL (LEV) DZDOOHHENH
B EMEEHSMNIIN, ASWIFIF &, LEV I3
HE ERESNEN EN—RICEBH SN DDH 5.

LEV iZBL TIE, Bradley 5 U BEROHS T HRIVF
RIRATHENFTEL NV EEMEROB HERBETE S
LG(HRMARFFL AN ZEREE U TREL TS
D, £/, MIAUNOERERERVAATZEEELT,
HASL D L BHMBEIRNFHEEBREINTVS. L
ML, INSDFETINTNSERMARTHE AN TER
EINSZHDOTHY, EROIH—FrR—I)lOLS/ 3K
TS HICERA L2 & Z0EMEITHE S M TN,

FITEESE, HHUANSEIRT HHMFEZE3
RIS R E RV —#HO.LEEREZTYL, #BHF

* o R AT LAFHIELRBIERE
* o ERAT LAERELRE

xRk AN RFE

R I - BREATRR

DEIKBEMLEV ICHEZBEEIIDNTRELTE -,
=9, flA, @il LAhH, BADO4DOOEMNSEIHRT S
BHEZEOLNIWENLEV ANEX DEEERFL, A5
REFZT T EAMKNCESN SEIRTHHBHF LN
VB ERLEV SIEEOMBEBERICH DT &, HmplEis
LX)V D LEV KT 2EEOESWE, fIh, %4,
H, BIHDIEICKRENZ EEHESMILEY. 51T, #
HEIRNFOERAMSME LEV OBBRERANS 28
12, A /BT T RIVFL Cyo &—F & L THRABIHE
EIFRNFROBILNLEV NG 5FE 2R -
ZFORR, MIABHTEIXINFROFENREDBARENT
&, BEE IR FONMT LR FICHT ZEENKE
WIS ITIEA NN EH BT TRIVFROF5IIHH
IRNFRDI~5ETHEZEERLEY. LDz &
M5, QIERRGS R WER D AN S BRT 2 1EE
HELZLEVIFETAHIEEZRTEEDIT, Cy 2—E
ELBEDOHHEMNERF T RINFRD LEV ADFE5D
EHnWEHLSNMNILE.

LEV i2id, #BHIEORRAMSAZT TR IIHE
ITRINFIEHTIBMEIRINFOEELEETHEEL
5N5. TITARETIE, BHFTORRAMA/MHREIITT
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1372< Cgo BHF R TEL S BRIBZR W LRERE
T, §5, 85, LA OBH MBS T RIVF RO
IZ Cgo MLEV IZH5EX 5B ITDONWTRE L.

2. LEBEE
2.1 RBAE
ERIIEEENIBVWTITo 2. ¥% 1.5m O¥ M L
KEEBEINZAE AR SFB 2R, HEEEL
THESEZHBREIC M EEKICE D FIBENLELCOD
iz ko, AE—HOEE% Fig. 1 ITRYT. AE—
HIATLAIEBETFHAE—N1HE, HFHAAE—H2
@ (RARHD 45°), WMRCHFTHAE -4 58 (fl5 2
@, arm 1M, %5 10 (CLEAERERN), A 1#E) THE
BRENTW3.
FEREBIEEEGTINSL [TIIILDORK] (Bizet {E
i) O 10 BETH S, LR MIDI Hil s hr
ATLIZEX0 T UFLITERLTE.
2.2 PSS
FE DA >INV AREE, BEEE, 6 F00HKEE
(t = 0~80ms, LE=0.17) TN 4 HIah 5 DHIF (t =
80~ooms) M HELY, EHEFWNITHHHF LR T—
ETHD. iz, RENMII18HTHS. HIMTHOH
k% Fig. 2 ITRT.
BRELRNFOAMRS ERET 2HHEBELT, fil
HEMELFIVFE LEio(late : t = 80~ocoms, LATH
#), EAREIE TFINFER VEe, BHRMTIXILF
“4&’3 BE)a1e MNCRTAEMIF LRIV FR FE e 2 (1) RD
SITEFELEZ. N5, @&%ﬂl*wﬁtﬁﬁéﬁ
ﬁﬁﬂﬁl?k#@ﬂAfﬁé

LElate - pooL(t)dt//
8
VElate - pooV(t)dt// p (t)dt
) 80 . J8o

BE e = / pgoB(t)dt// p2(t)dt
80 80

FElate = / pgoF(t)dt// pz(t)dt
80 80

ZZT p(t), Polt) 1. HLERAMET I OT7 5>, K
Bt~ 7074 > OHNIEETHS.

FNRE 5, %mﬁUVMﬁ1fﬁinmﬁ#bﬂ%
THHRMBFIRINFOEEGE2LRILI VG 20@E L.
Cgo MM HMBIEAT TRV FROEIEIL, &%, 5
~4+5dB, 0.05~0.81 &L 7=. 20 EO##E%Z Table 1 IZ7%
T FIEOEREEL X)) (Binaural SPLY) 1363 dB T
—EThH5.

2.3 #EE

HBREIRREFEZERLTNDS 20~23 FDH%4E 144
TH5. ERITEILDL, HBREFICEBRIBLIUVEEN%E

Front for direct sound

K. for late frontal sound
for early reflections  <_ H A
O o
forlate loteral sound  Subject fOverhead
o B".‘ sound i / melatesoundﬁ‘omoverhead
for late sound from behind : :

e
Back for late lateral sound

Fig.1 Arrangement of loudspeakers in an ane-

choic chamber.

Direct sound
Early reflections
Late reflections
FLLVB varied Cg and
directional late energy ratios
0 -~ 80 _ . t(m’s)

Fig. 2 Structure of the sound fields used in the
experiment (F=frontal, L=lateral, V=overhead,
and B=behind; subscripts /and r: left and right).

ANT“FRAENLZRD OFHAZTO &I, KE
DRI X 5HE 2fro /. ERTII 20 BEOFHDO TN
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XE 4 B OH SRz

3. BRLEE
3.1 RERER

HoN=EZE DS Thurstone Case V IZ5D E.0LEATE
BMREEZERLE. TEFIVOBRSEORE T IRHE,
BBEKESRTERIEA L Tz, —BEL -
DREDHRIL, WINBEBEKESRTERTHo (14
£ % 4 [E=56 [E4}).

BERERBE & Cgo MM RHITH Z2BR< AR T T XLF
R LE\ate» BEate, VEjae DERZ Fig. 31TRY. ZZ
T, EESITX D2 INETOERNS, fiHEHMED LEV
NDOEBIININWENSHERNESN TS D, UTT
BRTHBIIE T RN FR FE L. CETEERZIIfTHRN.
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Table 1 Twenty sound fields used in the experiment.

Directional late sound energy ratio

Stimulus No. BSPL(dB) Cso(dB)
LEy. VEate BE e FEye
1 -4.9 0.10 0.59 0.10 0.18
2 4.5 0.19 0.41 0.23 0.15
3 4.1 0.43 0.08 0.29 0.10
4 3.4 0.10 0.81 0.05 0.05
5 2.9 0.09 0.21 0.59 0.10
6 2.4 0.31 0.10 0.51 0.05
7 -1.9 0.44 0.39 0.15 0.05
8 -1.2 0.22 0.10 0.05 0.65
9 -0.9 0.10 0.10 0.72 0.05
10 6 0.3 0.32 0.19 0.10 0.41
11 0.3 0.18 0.69 0.05 0.05
12 0.8 0.09 0.32 0.21 0.41
13 1.2 0.65 0.29 0.05 0.05
14 1.5 0.26 0.29 0.28 10.09
15 23 0.20 0.55 0.15 0.05
16 2.6 0.17 0.16 0.55 10.05
17 3.1 0.15 0.54 0.09 10.20
18 3.7 0.10 0.42 0.40 0.11
19 4.5 0.60 0.20 0.11 0.10
20 5.0 0.76 0.11 0.06 0.06

Fig.3 £ 0, LEV & Cg IZIZTNEA DOFHBIBIfREE YD
515, Tihabb, BT TR FOIHE T RIVFICH
TREENRKENVIZE, LEV RO INZEAICH
BZEMNSaMNE. LrLAadS, LEV EAMBIEET
FOVFROMICIIHEIIRD 51T, BHEOBERIIZ DK
BEOS P TIRAHTHS. o
3.2 ER ,

ERTHEOSNIZHERE, Cg MNITHRMBIEHFT IRV
FROLEV ICHT2FHEOEANEN D HADSHARKIC
T 572D, LEV BT 5 REMZBHIER, Cg ML
iZ LEjate» BPEjates VEiate ZHAERKRE L TEER T
Eirorfz. Bl U EABREM T EWE /NS A—F (T
X9 S EREREIRGRE Table 2 1IZRT. £z, Bo5hiz
HERXNSEHLZLEVOREEEERNSESNZR
EEEEBLZDbDE Fig. 4 1IRY. EMEBEFREIT0.932
THD, MREEIRIFTHIENZS.

Table2 £ 0, Cgo DEBE(RERFRE (KaxHE) 123 D
DAFEZF TR FRICHENTRENI EN S, B

EIXNFONHFTLRINFITNTZEED LEV ANDF
ENBHBREN ENSMNS. HRMEBHZTIANFER
WDOWTRTHSE, LE,. DEERERBRED BE e
V Eiate ICHARTAZL, LEpe ®LEVAOFENBAT
HDHIENGNB. £z, BEjae WK VEjae ® LEV
ADEHEIL, B4, LEjga. DKI62%, BRRETHS. T
NS DRERIT, Cgo B—EEVIRIETTH TSR Y
ERBTHHDOTHS.

P EDHENS, THOLEV 2B 591213,
K, %4, LA SERT 2 %TE OSSN NI %
FILRNFOMNHFT L RINFICNT EE 20 TRETT
LEENRD D EVHERINT.
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Psychological scale of LEV

Psychological scale of LEV
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Fig. 3 Psychological scale of LEV, O:-5 <(Cgo<£-2dB, A:-2 <Cge<X+2dB, O:+2 <Cgo £+5 dB.

Measured LEV
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Predicted LEV

Fig.4 Comparison between predicted LEV and

measured LEV, r:correlation coefficient.

Table 2 The result of multiple regression analysis

between perceived LEV and Cg¢ and three direc-

tional late energy ratios, significant at p < 0.005.

Multiple Standard regression coefficients
correlation
coefficient Cgo LE s, VEate BEjs.
0.932 -0.967 0.630 0.223 0.393

— 148 —



4. &0

BHFEORRAEMOMME Cyy #EL ST BZFIME S %
AW DEEREZTD, {4, %5, EHOHERI TRV
FRNVLEV ICEAZEEIIDODWTHRHALEZ. TOHE,
Cso P LEV ANDEHENKENZ &, BT OH ML *
WFRIZDWTIRAF BT LRI T ROZENRDK
=L, BABIUV LSBT IRNFROFLIIMSD 3
NS 6EITHDZEEHSMILE, IS5 ORI,
a2H—hE—ILZHBITS LEV OFREHIL, #lET
FIFHNCEFORIRA MM EERT D LEMEZR
THDTH5.

513, DY — bR FHCIBTIBHAFOIRIV
FREZORKA RS EEZE LTz LEV OFBIEES,
FNEEBOTERF KM I BLFHRIIONTRITT S
WERDDHEEZS.
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FE H ARG A2 AUNSTER R ZE B B (A& FIAHR
TFIREBHBDTHS. TR LU TEHLET.
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