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Preliminary research on the influence of floor reflected sound
on subjective evaluation of indoor soundscape

HUANG Yongchao, GU Lingiang
(College of architecture and urban planning, Guangzhou University, Guangzhou 510006, Guangdong, China)

Abstract: The research situation of indoor soundscape and floor reflected sound in recent years are introduced in this
paper. By combining experimental psychological study and subjective evaluation of indoor soundscape, the absolute
thresholds for sensation of human to three kinds of sound signals with or without floor reflection in four rooms are
determined through three auralization experiments based on reflected sound perception. The results show that the
human voice signal can be detected when it is 10 dB(A) higher than the background noise, while the stream sound and
music sound can be significantly detected only when it is 17 dB(A) higher than the background noise. Finally,

suggestions for processing floor reflection are given according to the experimental results.
Key words: indoor reflection; indoor soundscape; room acoustics; auralization
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Fig.1 The model of experimental room in Odeon software
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Fig.3 Subjective evaluation results of human voice signals in
accordance with GB/T 16463—1996
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Fig.4 Subjective evaluation results of music signals in accor-
dance with GB/T 16463—1996
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Fig.5 Subjective evaluation results of stream sound signal in

accordance with GB/T 16463—1996
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Fig.6 Subjective evaluation results of human voice signals in
accordance with indoor soundscape evaluation

et 17 6451 A 7 s TN TKIE S, &t
P S/ NIRPRARIR MBS, FRIEA 6.25 AN H 73 sl X T
SR, R R A NS S FKIRE T (T
Y PR 41.93 N E 43 s M 21.87 A 73 s (HE
i3 RS 5 PR 4515 N E i bAh,
TCVe MRS S5, S SREWE, B
G5 2 i K, I B BE PR R 64.51 AN H 45 21,
R MK S 5 52 s A X B b, BRE o AN
19.36 /N 43 B A1 18.74 AN F 43 0o (E A R 1)
DTHERANAH R, X155 KRR UL, S A 2 PR
RE R, FEIRA AN 32.26 N EH A B 12,54 E 2
ﬁ;ﬁﬁ%%%ﬁ,&%mméh%ﬁmAﬁﬁ
RPSRE . Bfa, RO ERREMS $2 At IR B K,
T s R UNE RS, B S S SRR T
T3IANE S R BIREE SR TNEEK T 67734
Bor s KRGS R UNRER T 31.25 A 70 8.
AL BTN+ EWE, Ay iR



PGS s S P R PR B M AR 755

%51
100%
80%
3 60%
T 40%
20%
0% S s - -
£ O S e e
AV .\ég‘%ﬁ\ %%J )@%ﬁ)\- %72\3{&
() BRIFFES Y
100%
80%
3 60%
T 40%
20%
0% S e =
R i e Lo PR
¢ f%@ SF S A
(b) BRI HESS

odEH(3) - ELBi2) = — (1) = Ha7(0) = —f(-1) = LLH (-2) m A (-3)

K17 3B A ST I & RS R A5 R
Fig.7 Subjective evaluation results of music signals in accor-
dance with indoor soundscape evaluation

100%
80%
3 60%
T 40%
20%
0%

W e S

k‘é\ -%\—‘%\ /*‘é\‘- D RRR

& g P

‘%%V :ﬁﬁ%{f\b ,%”%NJ %’%\\- %7%{&
(a) A2

100%
80%
3 60%
T 40%
20%
0%

%,

(b) L2
oEH(3) - ELEE(R)= — (1) = HF AT (0) m — (- 1) m ELEE(-2) m AR (-3)

B8 = N A SN KIS 5 A 45
Fig.8 Subjective evaluation results of stream sound signal in
accordance with indoor soundscape evaluation

BT ()3 AR DA SR A
TEENFEFSOMIVPNAESR T, O HE SR IEA
ATHTEE 15 S AT & (20.93 AN F 43 )[Rt 4
BB AATHE S S K ABEEO3IANE
Mo T FEIR SR B RAE M, (R S AN
PRI 23.26 N H 5 /) I BB SR S HE KRR
JEE TR N RS A2 PR 13.95 4N 4 /A1 25.59 4
By . MFERES, MIUEMAEEFFSM
IS, ARSI 18.6 N T2 A HRET AR

Z 5 R EREETIEEG2.55 A7 M) EIRE
791N E 7 )UK A BIEE(41.86 1N E 77 5, R
ZMIEREE REAREE, ST KRANS,
MTHE ARG A R HEZ 5B, 2RI
AL A1.86 M AT ), X SATM A THLLEAH
FFEY, RCAKGLE AT 4, ARk = 8,
—HE T REFERZY, KiHESTBENRH RS
(34.89 N H 41 £, Ak M BRAK AT IE E(30.24 N H
RO~ TEIRIECR1(20.93 /N 40 )R NE(30.24 4N 43
), WAL AR IR 2

4 ZR5ie

AR T 8 S i SE 56 1 WP IGAE T AN A &
BSOSO P % T N 3 s, X1
NATTR A2 BRI S, X R R T R 95 4 o
Hk.

S 2 45 S B s [R] R RS kA B S i,
BRI T =R EEE S A LS5
H/NAERHE DL, HAR BRREIRIIE I R Ak, HaR
S5 18] ()8 35 {5 5 4 0 I B e 1K, v T A JEC e
10 dB(A) /e A7 B AT g g2 i, 6f THUR AL 2 0
fiX, ZaxhiEat % T rrEm. KsE L& RES,
YT REANTE, m T AR 17 dB(A)A 46
SR AT TR, X E— 2D e B R T S
14518 .

5 I RIS [ FAESE R () PP, 4R
TR N S A — R R B A
AT 3 A W 0 28 560 R P o TR SR 728 vy 32 W 34 2%
B o UNAE R P SR S KIS E AR S, MY
AT R R I S AR, SR ATILE S AT
I EARII R, USRS T IS 7 500 2
BFLRE, B nsRHADIE F 0 ERSZ . KT RN
PGS T R, 18 SR R DN
P RIE L, A A EWSR DA 1
TR EER AN G AN IRPIGER, RETHES
FEAR AL B I 5 AR B, (L LA ) L AR 4 5
BRI SR HIE, s S RE S AT A A
HREAI RS, AT BRIE RN = AR
N 2445 T — 5 AL B RARIE R 36 ¥ .

AL AN EESE DR . &
Je, WIS TR F WAL SE IR v e SR IR
PERY, AR T RS R AR RIS, (HRTE
FAEHLIEBUN, BT 175 2 AR A i ik AL B gk
1T =M RIRB M AMES I, BRTENER,
2B BB AR I B AR L Sk o e 0 5 i)



756 B

R

2022 4

Hk, AL BAEHENAA RN F S5 1L
X E N FE Y SNE R AZ I, DR TR
MBI A, ESCBRIERE T, S AR R
S AR R, AR BUJE B 5T A BT B

2 F X M

[1] Acoustics-Soundscape-Part 1: Definition and conceptual
framework: DS/ISO 12913-1-2014[S/OL]. 2014. https://www.
iso.org/standard/52161.html.

[2] TORRESIN S, ALETTA F, BABICH F, et al. Acoustics for
supportive and healthy buildings: emerging themes on indoor
soundscape research[J]. Sustainability, 2020, 12(15): 6054.

[3] J. Borenius, Seppo U, Korhonen, et al. New Aspects on Listen-
ing Room Design.//Audio Engineering Society, Helsinki,
1985: Paper 2184[J].

[4] BECH S. Timbral aspects of reproduced sound in small
rooms. I[J]. The Journal of the Acoustical Society of Ameri-
ca, 1995, 97(3): 1717-1726.

[5] BECH S. Audibility of individual reflections in a complete
sound field. II[J]. The Journal of the Acoustical Society of
America, 1995, 97(5): 3320.

[6] TOOLE. Sound Reproduciton-loudspeaker and Rooms[M].
Burlington: Focal Press, 2008: 72-73.

[71 PPN A S FOAR G B L W s U], o R
e LS )i RICE, 2022, 52(4): 34-49.

XIE Bosun. Principle of spatial sound and related physical

and auditory problems[J]. Scientia Sinica (Physica, Mechani-
ca & Astronomica), 2022, 52(4): 34-49.
[8] WG TAIBH . 2 PN 75 ik LAY K J& 40 4F(1968—2008)[J]. HifH
iR, 2008, 32(S1): 12-17, 23.
ZENG Xiangyang. Forty years of development of room acous-
tic computer simulation[J]. Audio Engineering, 2008, 32(S1):
12-17, 23.
[9] 75 . 75 & HE R B R BLER[J]. R, 1997, 21(5):
6-10.
IMAMURA H, MARUI A, KAMEKAWA T, et al. Influence
of first reflections in listening room on subjective listener im-
pression of reproduced sound, May 3, 2013[C]// Roma, 2013.
[11] TORRESIN S, ALBATICI R, ALETTA F, et al. Indoor sound-
scape assessment: a principal components model of acoustic

[10

=

perception in residential buildings[J]. Building and Environ-

ment, 2020, 182: 107152.

B R MBS )R H & U WP AR R SR AR

FR: GB/T 16463—1996[S]. bt H EARAE H R .

PR, IR ST W B s R s 1) R R A [ B A R o X

[J]. EAEIAR, 2020, 44(6): 16-23.

GU Lingiang, XIE Xuan. Horizontal comparison of room re-

sponse in home listening room and suggestions for improve-

ment[J]. Audio Engineering, 2020, 44(6): 16-23.

[14] 7 J5 . & B 50 B2 5 M. b st B Tk

kL, 2008.

PRE g U A RS R S A RHM. B A Tk H R

#t, 2005.

[16] Acoustics-Soundscape-Part 2: Data Collection and Reporting
Requirements: ISO 12913-1-2018[S/OL]. 2018. https://www.
iso.org/standard/75267.html.

[12

—

[13

[t}

[15

[t}



