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ABSTRACT

A study on area reproduction using

semi-circular speaker array and masking sound

Author :  Genki HARASHIMA
Supervisor : Yasunori SUGITA

In the field of acoustics, there is a technology called area reproduction. Area reproduc-
tion is a technology that reproduces the target sound (the sound to be heard by the listener)
only in a certain area, so that the target sound cannot be heard in other areas. The purpose
of using area reproduction is to play an explanatory voice only to the people in front of
a painting at a museum, or to play a confidential voice that you do not want other people
to hear at a hospital or bank. Various methods for area reproduction have been studied to
date, and methods using speaker arrays are often used, and methods using two-dimensional
filters, boundary sound field control and multi-point control have been proposed. There is
also an area reproduction method using a circular speaker array that performs area repro-
duction by using masking sound together. Since the method of controlling the directivity
of the speaker array is to maximize the directivity of the target sound, it is not very suitable
for area reproduction, where the target sound forms an inaudible area. In addition, the
method using multi-point control requires a great deal of effort to measure the transfer
function in space because it requires many control points, and the designed inverse filter
may become unstable. The area reproduction method using a circular speaker array with
masking sound does not use the transfer function of space. This eliminates the need for
transfer function measurements, which require a great deal of effort, and the instability of
the inverse filter. On the other hand, the circular speaker array has poor accessibility to
the center, making it difficult to use in situations where people change frequently.

Therefore, this paper proposes an area reproduction method using a semi-circular
speaker array that improves accessibility while maintaining the masking capability mainly
to the rear, assuming a reception area such as a hospital or a bank. In order to improve the
accessibility of the circular speaker array, part of the circular speaker array must be opened
up. However, just opening up a part of the circular speaker array will not allow area re-
production in some directions. Therefore, the proposed method uses two phase-controlled
filters that are switched at certain time intervals to maintain the backward masking capa-
bility, and a semi-circular speaker array to improve the accessibility to the inner side of

the circular speaker array.



Computer simulation using the FDTD method was used to investigate the proposed
method. When comparing the difference in SN ratio between the listening area and
the masking area using three methods: the method with only a semi-circular shape, the
method with phase-shift direction switching (without amplitude control), and the method
with phase-shift direction switching (with amplitude control), the method with the phase-
shift direction switching (with amplitude control) resulted in the largest difference in SN
ratio. The number of speakers was also examined, and the results showed that about 48
speakers were sufficient for the current conditions. In the study of the switching time in
the phase-shift direction, it was found that 5 ms was the optimum switching time in the

phase-shift direction under the present conditions.
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1.1 WEE=

BEOSTIZD) 7HE WO HMIYR D Z. =V 7EAERIE, BIE GZHREEICHE
PEVWE)ZHLT) TICOAFEL, 2O T TIEHNEIE Z 2BV
ST HHRMTHS. =V 7HAOHHEN L LTIE, EMEERE TREDRTNIZWS
ANDHIZHAEFE Z AT 2 2 &R RIT R 0B OTHO N7 < R
MEHODHZ2EHETHEET S ZePETONS.

TV 7 HEIIHREE TIHA BFEIMEINTED, AE—h 2 HE AR D R
V—h7 LA ZHOEFENICHVWONS., 2L 7 4 VRIZEX>TRAE=AT L
A DfaIAE 2 SIlE S 5 Fik [1,2], BHAEHHIE 3] 1ITEDOWRAY =57 L 1 OfEM
PEZ2 SIS 2 Fik [4-6), BHAFGHIENCE W2 ) 7 HAERE (7], ERESHIEC
BEOW-BIGEEE (8], ZRHlNE [9] Z HW/TFE [10-14] REPREBESI N TV S.
¥/, SAXVIUBEEMHHT A e T TEHARITOMBRAY -7 LA Ickb T
V7 HEEFENS]| DD, 2 K07 4 VEAPRHEAGSGHIEEZH TR —=A 714D
famtEZ R 3 2 FiEiE, HFOEAMEZRKICT 2FERLD, HREDHEZH
NZENVWE SRV 7EERT 22) 7HAEZEDZ ARV, £, ZaklEzH
WFETIEX, 2L OIS EZLEY 327D ZEHOMMZERBERE T 2 7-DI1IC% K
RIFNEDET DI RRT LT 4 VEBAREEIZRDZIGEND 3 ORED
B3, SAFUIEEHHALEABAY -7 LAk 2 7EAETFE[15] TR,
2R DOIRZEBARE AWV, 2079, (LEEKZINE ST 2 BB T 4 VA DPARE
BB Z e, —7, ABAY—=A7 LA TEHOLAD T 72 2B N9,
ANPBHBIWCANE D2 X5 RRHTORAIFH L WS HED H 5.
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1.2 HZEHB

ARG S TR ZE R DA BB D3I hAE I EE [16], FIBERAE—=A71 4, <R
FUTHEE-oTHNEOH A2 7AW ) 72 4ERTE 5 FiE [15]
ER—Z LT, ¥HRVY—-Z7 LA 2HVWTZY 7HEARITS. AEAY—2 7L
4T, FLADT 72 ZREDRE Nz, ADPFHBICANE DS &5 KRR TOFH
BEELW., Lo L, BICHEAY =7 LA O—EH%ZHMT 5720 T, HEICE-
TRV 7HENTERWV. 22T, KX TlE, HESLEITREOZMNZEEL,
FRBEBHANDTRAF U PRI EHIE LD, 7272 R\ X3 HERIRRT 3.
X, AR TYIDEZ 2 2 ODOMMHEGIE 7 4 VR AR —A T LA %
AWRZ e TERTS. %72, YIal—YyayiZkh, HE~y 7OHER SN It
DB ZITS Z 2 I X > TIREFEOENMEOMEEZ1T S .

1.3 ERNIBRY

AL DOWERE L TIORT. H2BTIEHERE X7, (EH#ENE, FDTD ki
DWTHHT 3. 53 BETIHRETIETH 2BMHA YR, RIEFIEICOWTHES
5. BHABETIEII 2L —Ya Y CI D RFZEOHKZITS. 85 BETEARRLOHM
FmE IR B,
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PR 22X 703, H2EPMIOFICLDBEEHIN, M2 R3FERE
MZZARBRSRZBEEDZ 2 WS, HEEBOHTSH, KA ORFENEHDEEEIC
FoTREHEIN, BRI B2 FEREBHE AL 2R EDREBREH L ES.
K XIWZBWTIE, "H2E"DZ e 22EZICHIr 2 wE L LTHNE, "hoE"o
CrERAMNEEAF YT AE L L TRAF VI BRI LICT S, v RF VY
B FELOBHOBED XS5 BRAREDODH 25 H 20, NIAPEES 21T W
HY LTBGM, JIOBELEFRE Y7 ) A AR ERLSHVLNS. EEOETE
OHFTOMRFIE LTUTAIZ WL DhZFEIT 5.

e OV =ZDML:arybE=D M LTI, HZEITEZMD NICE INTZL 2
WD ANDBE E /2 RWREDOHEBICED, JIOBELERPROXZTH
BREDIAF VY IHIZEIODHZETEZRAZT Y7L TWVWS.

e 77 x2®BGM: 77 = DJEN YT BGM IHEXIN TV DIEFEHKOL D
EWVWOHSHEHH, MOBEHOFELAERZREZHMEMDOLT (LT,
FORUCERLBRVEIICT 22D 5.

o TR EDZAT: AT R EDOZMNTB VT, BEEDHE D o Nic#Erh
R BWERENTbRB e ES. 22T, BGM REDYAF U 7ERZRLT
BLIETRAOMENZHERLP T THI T S.

PERMIZEE D, HRME R RAF Y 7T 5D BERFEIEZ R o BEEUE
WORBDOATH Y, ZhADNOWIHIEAF Y JICHFEE LRV L BHLrE X
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TW3 [17]. ZORRIABOBEREFHICER L TW3 e EbTEDY, UTORAT
HHEANBFINTE2YRAF I EOEM W ERD B Z e B TE S [17].

0.69

2.1)

f 2
B=2 1+1.4[==5
C 5+75( + (1000)

T 2T, CBIXEEFFIH (Critical band), f. (X HVE ORI (i) 2£5. BR
WL Z, 2 f CHLTAMRAF U Z7E0ORBTH D, FFRKEBEE LT
fo—CB/2 25 f.+CB/2 DN~ RAF > JEOEMEHERTHE. oFh, AM
DIER<AF 7BV TIE, BNEOREBEEEE L FEE % 234 LIsWirEo <
AFVITEERHOTIRAXF U 7T 5 EDPMRENENS 8 TH5.

2.2 {urBHIEE

FATHRZE [15] ICBWT, w2 F ¥ 7 FIFAAHEGIEZEZ R IcH B hTns. (it
FEEED DAY= OFAEICHWSLNZFIETIIRL, A4 7DFEBFITBNT
D—FETH 5. MHEHIEETE, K21 WRTI5%4FBFHE~A 70k 7
LAZHWS., ZOFREE, 4 Z2FHE~A 270k 71408~ 7k Hh%E
n/2 $OBMEIE, ZOHNOFEEEHET 52T, ME~A 27 akrHFubGRAN
DODINEFREZKL T2 e TES. FBATHE [15] TR Z OfMEf#EELZ A —%
TVLAIWHEEL, A =47 LA HIZ quiet zone ZIERR L TW5. FF rim], R
V—Ah8B P OMHBAY—HT7 L4 DS, AC—IHNEBHIE2720D7 1 LR
W;(omega)(i=0,1,2,....P - 1) XL FTHRE 3.

Wi(w) = exp(—=jngi) (22)

ERIZBWT, n FEOEET wr/c RGDORKREL»D P2 TTHE. 2T,
cm/s] \TEHE, PIZAY—DIDOETH5. n OFlINE, BF LD BBEDOH T A
2wy VEPFEELRZVWEDIZTZ200HITH S [18]. ¢ 1FK 22 1ZRT &
IWCHDLODPOLERAY—HETOAET ¢;[rad] =2ni/P 72 5. i ZAE—H4 >
Fv AT, 05 P-1 0FPETEZ 5N 3.

BRAE—IDOBRIHEINETAF Y ITEHREIDT 4 NV RIZE->TH LI OBHEI
5. A=A 7 LAHDLTEEAE =205 DHHMZTFELLL R S72D, BHICK
D 2AF Y 7BRLMTBHELAEY, SRAF Y 7EREEkEhs. —FhH, A¥—%7
LAAMIITCIER 2.3 D XS5~ R ¥ v 7 EEHERICES 5. DF D, quiet zone
MR —=H7 LA NlOAIZERENS. 231%, AUA M) AXREY I /4 X
BREDRAFXFVIBEETANEW, ZBHWT 74 VRY V7L, H£AE—H0 54
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2.1 The explanation of phase control method

2.2 The explanation of the circle speaker array
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2.3 The sample of masking sound with circle array

23 FDTD %

FDTD % (Finite-difference time-domain method) [19] (3R FEIE R Z7E L B
BN, R AR OWIIEZ ZTICEZHZ, BRNFEETZ1TS 2 TR %
2 HBRAORMEBELZHAEL TV YIalb—yaryFETHL. HEOSH T
B P OHHINTWRFIET, 1966 1T Yee 1T & o TEBSUANTICHID TIHH X
N [20], FIEEOFREL L HICTENIMHEHEINS X5 1Cko7. BEOTTHTDH
RERFN DR BB RGEICHEHINS Zed3d 5. RIFRTIE, HEHDOYI 2L —
2ar¥ LTZ®DFDTD EZHW.

2.3.1 ZEEDBEEME

FDTD A3 220 & IR OBERUL 21T 5 BBV D 253, %322 OBERILIC O W TEL
B3 5. ZEOBELICORRA BRTFELD 203, FRIERMET X DEHEMBEDIE <,
X CHWSNTW S Staggered grid Z&iHH 3 5. Staggered grid 13X 24 D X512, &
FE, KiF@EE2Z A VEVCEEL CTEMZE#RLT 2 FETH . ZOFEEFIHER DS
BT LD FDTD ERA OBERE 2 (KRS 2 28R 0D 5. KOS I 2
L —3 a>»Td D Staggered grid Z i L 7-.

2.3.2 KEDBEEIL

RiZ FDTD {EI2B W T OREE OB LI O W THH S 5. KR oBERbIic oW T o
RIS %2 X 2.5 1R, K250 p"(i) &H 2R n, HEIME I CBWTOFLEER
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;Q ;Q ,Q ,Q , (O Sound pressure
..... .A.A.‘.A > Particle VeIOCityX
" O " O ’ O ’ O " A Particle velocity Y

2.4 The discretization of space of FDTD

W) 125 B n, BB I 1ICBWTO x HAOHTEERRT. & 2.5 A7
‘§‘J:9k, HELCHFREOHREININLNELZ > TED, ZEOBEEUL & Rk
HWEWIR->TWS. 24U Leap frog algorithm & FRINTE D, HE2 205K
THREZHE, NTEE2 O»OFEZHELHRDIET I TERHEL TV FE
TH5.

A

@) o

upt (i 4+ 1)
> >
( alculate u2+3 1
T t S () Sound pressure

» Particle velocity X

alullate "2 (3)

/ S

n+1 )

Time direction

>

n+1 (1 4 1)

\ 4

Spatial direction

2.5 The discretization of time of FDTD
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2.4 EREAIEI

FDTD %% 51E 3 2 -0 0f# A REGEH HER L B ROEZ S TR TR X
N3, BRHPOFROEE HERILTIRT.

(9_p+ Ol

= 2.3
0x p ot (2.3)
op Ou,
£ —2 =0 2.4
ox P 24
DXL, EHEORERT.
ap duy Ouy
' Xy = 2.
o Ty v 5y 70 2.5)

ZIT, pldEE, ux, uy i3 x, y HAIORFEE, « IZAEHIER, p 3JBEERE
Z/"9. FDTD AT I o OXDEME R L 2.

X (2.3), X (24), XL 25 D3 o0/EAZHERKTIRETE 2 X512, 2.2 4,
2.3 HilCHECl L 7= Staggered grid ¥ Leap frog algorithm 12 & b B# (b U 72 BRE) 5 #2 20
ZLUTITRT.

At
Wi+ L)) =ut(i+1,j) - —[p"(i+1,j) - p" (i, j)] (2.6)
Ahp
n+l,/. - Nye = At Ny Ny
wy (G, j+1) =uf(, j+1) - m[p (G, j+1)=p"@ )] 2.7)

A
p™, ) = p"(i,j)—ﬁ{[u:“(m,j)—uz“(i,j)]+[u;‘“(i,j+1)—u;‘“(i,j)]} (2.8)

ZZT, n@ERRADAL Ty A0, jEx M, y HAOEMOA VT v 7 X,
At IR FRAE, Ah XZERIDREER R T. X 2.6) X 27) o=orRX 28) %
Ria %4 AR HICEHELTW 2 I ko THEINE 2B 2 Z N TE 3.
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3.1 BHEAREYIE

M3 1 IRETHFHAE AT LA 2T, FHAEC—=A7 VLA DOFEE r[m] T
H5. BEFHEICBNT, HWEFZLATHZ [15] LRSS A — 52 6 FHETHAE
T352rT, FHRE—Z 7L A OFDL 0 TSNS, HNEEZAEY I 5H

HT 3 700RELFIORT.
L} () = S7(w) 3.1)

ZIT, LN(w) i BHORY =05 MEt SN2 HWERS, Sy dBNE, o3
R R T

—F, RRAFXVIEE, FBATWE [15] THERAZ A TW 2 MAERIEO 7 1 v & 2800k
L7220 7 4 VRIZEX->THILEZh, SR - oHEINE. 202250
TANRZIBFBHOAY — I oHEINE YR XV 7 EESARER 0 15 TH
HEhd., LTIRZD22907 4 VR %ZRT.

Wi(w) = exp(—jne;) (3.2)
W/ (w) = exp(=jn(x(P - 1)/P - ¢;)) (3.3)

ERIZBWT, n ZEOMEET wr/c RGO RREL»D P2 TTHE. 2T,
clm/s] 3 EHE, PIIRAE—HDETH 5. n DHIINE, BE LD DEEDHE NI A
2wy MEPRELRVWEIICT200HITH 2 [18]. ¢; 1EXK 22 1TRT &
FIWCHDOPSLFZEAVY—HETOAET ¢i[rad] =27i/P L7253, i ZAEY—hA
YT I RT, 0056 P-1 oI TEZ 6N 5. EEFIETIX, masking sound DHif
WECH W2 7 4 V& (Wi(w)orW!(w)) &, ®2KHEMERT TRELIIVEZ SN
5. ZD2ODT7 4 NREZHIZYIDEZ 3 Z L #H AT (Phase-shift direction
switching) EFERZ L I2F 5. YRAF VIV BERZRAL—AN6HET 20D EL
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Lywﬂz{www)xﬁﬂw) (t mod 2T < T) G

W/ (w) xSy (w) (t mod 2T > T)

ZZT, LM (w) B i FHORAE A0 BHINE I AF Y TE RS, Su(w) 1E< R
FUTHE(RIA NI AZXRE YT 7 AXRYE), t 3FETHS. 2o n0s, &
BINCAE =225 BET2HFRIUTORICE > TIREZNS.

Li(w) = LT (w) + LM (w) (3.5)

ZZT, Li(w) A=A 71L 4D i HEHORY -2 b ENICHEIN D &
ZRT.

REBEFEOFHAEL =7 LA TIE, LEOBMHARYIEZEINITS 22k
T, FHRAE =714 L2 THELDAE =7 L A4 ANHIANDE TS DR
DEBRL, X DEIIMUNETEZBSHN T 2. Eid ORI & BEG Ry
XoT, FHAREC—F7 LA HHITERAF V7 EXREE LS, HIUSEREAI A
DT, SNUDBRIFLRZY) 7R2ENRT 22 enTE3. —F, FHRAY—HZ 7L A4
T~ A F v ZFEG—ICgt e, BWEIXHHI NV DT, SN EEAENTY
TEERTEIENTE S,

3.1 The speaker position of half circular speaker array
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3.2 HEMEMH!IH

RIETDBAR A AUBICBINT, FAY -2 6L T 37 A F Y 7 EDIRIEZ JH%
TREILWREoTIARAF U ITEDHEMHRAY -7 L AHLTOERLEHELEITS.
Z N E ARG TIXIRIEHITE (Amp control) 2 MERZ & ¥ 5 5. RIESIENX, LLTORT
CORIBEFENIAIEA L —H 7 LA BT LT LE2/Z2IC&D, R¥V—A 7L
AU O EENHELLI20Z ) 7IRAUE T L E S HE 2 WH T 280 R 2 A L T
75. ZofREHIEE X, KX 3.5 TiEk, 2ORXD2rHLY I TEHWT Li(w)

BERT 3.
Li(w) = A; X LT (w) + LY (w) (3.6)

TZT, A d LM (w) OIRIEZ RS 2 78TC, UTTREINS.

2r(i+ 1
Ai::I-—cos( 7+ )) 3.7)
+1
2m
Amin =1~ .
cos(P+1) (3.8)
l—cos( ﬂp) (P mod 2 =0)
Amax = P+1 (3.9)
2 (P mod 2=1)

AiZiD0ERIEP -1 TR (Anin), P2 THRK (Apax) 725, Z OIRIEHITE
WD, ¥HRAEY =714 DIRIGEDOIONTYAF VY 7 EDEEDRAIIET
SEBILT, A=A 7 VLA mDEELRBTZ 572D, FHAREY—-A7 LA Hub
TOFHEEPMLET2EZ N5,
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LFoYyIalb—ya MERIZOWTIE, FDIDEIRE > Ty Ial—Ya itk
DIELERERT. COLEDYIal—Say&FeR411R7T. 2720, &Hi
THID DD 237 X —=RIZOVWTIERHClibh SN A HEZHANWSE Z L LT 5.

% 4.1 The simulation conditions
time resolution dt 2x1076[s]
spatial resolution dh 2 x 1073[s]
sound field size 2 x 2[m?]
speed of sound ¢ 340[m/s]
medium density p 1.293[kg/m?]
number of speakers P 48
speaker array radius r 0.3[m]
phase-shift direction switching time 7’ 2 x1073(s]
masking sound type pink noise (1k ~ 3kHz)
masking sound amplitude 0dB
target sound type white noise (1k ~ 3kHz)
-20dB

target sound amplitude

PIal—valER L TEERAY -~y TEHWERD, BE~y TOER
HEELDITIORT. £3, Y2 —ya VBEH» S Sms %225 15ms £ TOD 10ms [H
IZBI LT 50us(20kHz) R TH > 7V v 73 5. ZO&KFP > T LT, HEE: 2
RITDZEWREoTEY Y TINITCIWEEAAY—%5tET 5. 2D, 10ms O£ T
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DY TINVDEEANT =2V L, EESTV—~y T2ERT 5.

4.2 BUEFHEEIR

AHZETIE, HEFEOFMIL LTy Ial—Yayilk3FE~Yy &Y 7
TOEREEZHAVW. 2070, KETETY 7ORX5 e BEMEOFHEGEL
5.

BONZBE TV 70X %K 41187, K41IWRT LI, HNEZH XS
HOTY 7 e LTREETY 7 (Listening area), HIWEZ XX 73572 LT
Y RF 27T 7 (Masking area) LFERZ 2 255, HUb O ZEEE T 2 MEERIC
BWTC, Orad] #AE, rim] ZIRS050EMr 35, WV 71Er<=020
ITV7, RAF V7TV TIE0<=0<=aD2203<r<=100V7TH3%. X
12, MO E AR OWTHIAT 2. FHiifEEe LT, LY 7w AF Y
JIV) 7 OHEEEIZSN O P izt EL, ThozfEiEe 5. ZOE
13 2.4 FiCHAAL/2 FDTDIATOY 2 2L — a YORGHL T Z NS Ot %
T 7 KA > b (Areapoint) LFERZ L 2T 3.

Listening area

- 0.3m

Masking area

4.1 Classification of 2 areas
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43 SZal—IaViER
431 BHNBEDOBEENT—TVS

RKEZATLDFEMAAE—A7 LA THNEZHEE LGB ICED LS RETE Y —
2T RADPEHRTB-DIZIIal—arE{To. FOMERK 4.2 1257
. K420 RA =7 L AL THWEDEFAZNTWS Z bbb,

0.0
—25
0.5 1 -—30
-—35 %
E 1-0 - x - _w
g > £
L 45 E
—50
1.5
—55
—60
20 . . .
0.0 05 1.0 1.5 20
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4.2 Sound pressure map of target sound

432 YAXIVIBDODBEENT—T Y TDLEE

RAFVITHIZOWT, BHARAYIEZITS e TREDY 7 2FHELTETWS
h, RAFXF VLY ZICRAF UV ITERZIBHTETVE 0L 5 »OMEE L UK E
Tolz. ¥Ialb—raViiRER 43, K44, K457, ZOoHDfRID, B
MARYIED D TR~ AFX 2 7EIMINE =T TET WS Z DR TE 7.
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4.4 masking sound map with phase-shift direction switching(without amp control)
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4.5 masking sound map without phase-shift direction switching(with amp control)
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4.3 masking sound map without phase-shift direction switching
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433 SNHTYTOLE

HiVE % Signal, ~ A% > 7% Noise £ LTSN LLZFIE L T EITo72. <
2AFx v 7EEBHEAAYE L, BEAAYTED D ARIESIEZ L), BHEGHYED
h dREHIED D) D3 OEFHAL. 43.1 HIOHWEDOEE~ Y 7L 432 HiD~< 2
FUTEOEEYY XD, SNk~ y TRAERLIERER 4.6, K47, K481
R K46 ZBHEAATIERL, 47 3BEAATED D RER#EZ L), K4.8
BHAAYIED D (REHED D) OFRTH 2. ChOD/BRED, YOFIETHR
=D 7 L AHDLT SN A ERL, HREZMFATEZTWS Zedbyrs. HIZ,
FLTH oD SN HEAEVORBHEAHYED D (RIEFIHD D) THZZ b b
5. —J, BHEARYERZLOBE, ~2AF 2720 70HMID SN LEEETEHE5
NTWIRNWZ bbb,
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4.6 SN ratio map without phase-shift control switching
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4.7 SN ratio map with phase-shift control switching(without amp control)
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4.8 SN ratio map with phase-shift control switching(with amp control)
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4.3.4 SN HbDEELLER

IR0 7R LT, 43.3HiD SN i~y 7D SN Lo EgZ2EtH L. 20
FEROZHET Y 7D SN LLEHEE 7#fEE R 4.2, ~ XX 2721 7D SN HFEEE
COEERZ R 4.3, ZHELY 7D SN LV 6~ XX 2 7)) 7D SN o %
GV 2R A4 ITRT. 22T, ARBHEYTERL, BEBHUED D @RIEH#E7Z%
L), CEBMHEUIED D (RIEFIED D) OFEEZRT.

44 XD, COBMBUZEDD (REHIED D) Do b SNHOAEZ KX TE
T\ Zepbhrd. £43 XD, BEAAYELRL I DBEGATIED D O 2 Fi&
DHFBYAZ Y7 TY 7D SN LLODEEZKLSTE, XhEH - AFY I/ 7
ERAFXF VI TETOVWRIeDbrs. ZhoDERLD, SBUEICE L CQ3BHES
Mg dH b REFIEZ L) OAPETENRTO S5, SN EEOEIBHEAHYIED D
(REFIHD D) PEROBERTVDE e bro7z. HNELZZWEZY 7 THAEL, <
AFX VT TYV T TRAF YT HIEZEL Y7~ AF 7Y 70D SN LhoZED
O EERLD, AWANIBEGTED D @REFIED D) R ELTVWE &
Zohb.

% 4.2 Evaluation value of listening area

Method | Mean SN of listen area [dB] | Variance SN of listen area
A -0.108 22.9
B -1.25 24.5
C 1.01 68.8

# 4.3 Evaluation value of masking area

Method | Mean SN of masking area [dB] | Variance SN of listen area
A -16.3 35.0
B -17.7 2.57
C -19.8 4.81

% 4.4 Difference of SN ratio

Method | Difference of SN ratio[dB]
A 16.2
B 16.4
C 20.8
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435 ZAE—HBDELES SN T Y TOBELLE

A=A PHEN L ZOZELY 7~ XX 72 7D SN IOV TH
MAMYIZED D IRIERIEHD D) OFIECTKIELLER L. R —=HE P % 12, 24, 36,
48, 60, 72, 84, 96, 108, 120, 132, 144, 156, 168, 180, 192 @ 16 XX —>T¥ I 2l —
arvEito. HUBLSAZT VY IZEDY I al—Ya ryEHl2 147w, BHED
BERY TDHORAF UV ITHEDOELER Y TE25[WTSN b~y 24K L. 2L T,
SNt~y 725 SNt ) 7R, Y 2FHE L 7.

ZD¥Ial—YavORMRTHHZEETY 7 DFE SN ez X 4.9 1, ZHFELY
7D SN LD EUEZ X 4.10 12, ~ZAF 7Y 7DV¥ SN 2K 4.1112, v A X
Y7’ 7®D SN LD EEEK 41212, ZBEZ Y 7DFEE SN b~ 2AF U 7T
V7O SN 25w 2K 413177, K49 X411 kb, A= T8
MT2ZICEDZELV 7 AF 7Y 7OFEE SN LLIZ ERT 2 230 »
5. 72120, AC—ABP 48 ZBR 7=H7- D OMEXIIESR,ITHED, DLITOZED
BDEFRTEPIFFE—EeBoTWS. K413 1FZHEL Y 7DFE SN kb ~< R ¥
YTV T7DEESN LRGN\ T 7 THDE. ZDTT7EREIY) T AF Y
LY 7DSNIHOEZEXELTED, A—HEIHEMNT 2L 60#H7-D F£TIX SN
LD DM 25, ZORIFIFIEF—EL R -oTWVW5S. KIZ, SN LLDOTHUEIZDOWT
72H, K410 XOZEELY 7O SN O BUEIZRINE LT3 22032 ¥ — A% 48 {H
H7= D THEHZIZESLLITRD, FEF—ELRoTWVWA I e bhrs. 412 ¥b, =
AFx 7T 7D SN HOBEUIAE =D E»EMT 5 60 D7D £ TLERL, %
DRBFMEEDERLLICRDBLZICERLTW e hbhrd. ThoDfERLD, 5
BOZEFETIEAE - EBEHEMIETHHLHELID ETIEXI4.13 TRT LI SN L
DEFIKRELBZD DLWV e Dbhrolz. AV —DED 48 FE 7213 60 @D =D 125
SN [t ZEIIKREL KoY, SEHOZETIEIRAE—IBBZ N a X D57
D, 4805 60 HOBMTRWEEZOLNS. AV —HHH 48 721X 60 HH 7= D 5
5 SN HOENKRELS EORVWEBE LTE, A= 7L A DAY —7FELOH#E
PERALTWE 2% 2 7 EDOREE 3kHz 128 L TH3IEL o 2728, Zhld
EAC—IEPEZ THMRPIBE D TE RV EEZIOLNDS. AV —HE 48 HD
i, 3kHz OEER 110mm 2% L TR Y — » IR 20mm 7272, 5 500 EH
PV, 207D, ZHL EMP L R THRMEIEL 72O TRV EEZI LS.
A —=HBDb o L BBIRDEMEOFEENEE LTI, HNESPYAF UV 7EHICH -
CEWEEBPEENIGERAE = AT LA DFEEPREL LD A —FHEL DR
B RoTGEREDPEZONS.
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4.9 Listening area mean SN ratio when changing number of speakers
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4.10 Listening area variance SN ratio when changing number of speakers
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4.11 Masking area mean SN ratio when changing number of speakers
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4.12 Masking area variance SN ratio when changing number of speakers
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436 BHELZEYIBREDORELS SN LYy TOBIELLE

BHEAMYPERENZ L 2OZEZ YV 7 XA F 72 7D SN gD
WTBMHEAMYIED D RESIED D) OFECEMELE L. BEAMYIZEREO
0.20, 0.25, 1.00, 1.50, 2.00, 4.00, 4.50, 5.00, 5.50, 6.00, 6.50, 7.00, 7.50, 8.00[ms] O 14
NRRE—=VT¥Ialb—aryziTV, SNEOZ Y 7KL Y MEFE L. BHAM
VR oIt Y, HE~Sy T2ERT 27200 FRMEZS I 21— a VB
A7 5 Sms £ 5 48ms BIICEE L. HWNBE LS AF U /EDY I a2l —Yalyk
ATV, BNEOEESY Y 70O RAF U TEDOELE~Y Y 725 WT SN b~ v
TEAER L. 2L T, SNt~y 7596 SNEHOTZ Y 7RA U ZEHE L.
ZDYIal—YayORRTHEZEELY 7D SN 2 4.14 12, ZEET Y
7D SN O EHEZ N 4.1512, ~AF 72U 7OV SN (2K 4.16 12, ¥ A X
7TV 7D SN LHOTEERZX 41712, ZBEZV 7DFE SN tthb~vRAF v 7T
V7 D SNt 5 W25 K 4.18 13, K414 X b, BTSRRI
IFAURZIEZ Y 7D SN IR RoTW Zedbh3d. 72721, SN o EFIZ
2ms H72 D D SMEEDERLICKR->TWS. K415 &, ZEETY 7d SN Lok
EFAR G YIS R SIS 2 & 1ms 72D T TEEMT 20, ZORIKIE—EL
BRoTWbZedbhsd., K416 kb, BHAMYIEREI EMNT2~vAF 7T
V7D SN HIFETF22e0bhd. v 2XAFYZ T 7D SNHOETHZHELY
7D SN b EF ¥ FFIC 2ms H72 D D HEHZIZESCLITR->TWD. K417 &b,
AR MY SRR S 2 & 2ROME\I E L TIEY AF 7Y 7O SN LED 77k
WBRELRZZeDOND. RZIC, K418 kD, REL ) 7L< 2AF 7T Y70
SN Lt 72 3B A YB3 2 R 2 b, BHEAAYIERRD Sms & 7=
Do FRLELZoTWR I hbhb.
BAEAAUIEREIKREZ T 258, BHARZUIDBEZ WS LIZIEAEFEL
BROTLEIDTELZRETEZDRRAARVEEZSS. K417 OHEED»S b
AT BRSNS 2 L < AF V7Y 7OEUESEMLTLE S 28, T
% 3B MYERBIZ NS WERRBWEEZ SN S, M4.18 »5I13ZHEL) 7
EXRAFZ VIV T D SN HDEDRAE» OB HUIERE S RS /NS VDI
Sms 728 WS e b, SRS TOREBREHGMYIERHIX Sms TH
2 ehRbhoiz.
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4.14 Listening area mean SN ratio when changing switching time
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4.15 Listening area variance SN ratio when changing switching time
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4.16 Masking area mean SN ratio when changing switching time
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4.17 Masking area variance SN ratio when changing switching time
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4.18 Difference of mean SN ratio when changing switching time
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REFERHER X7, (HEGEZEZHCZHERAE =271V 4 01 7HARE
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BEAAYED D @RIEREZ L), BEAAYIED D REFRE©ID D) O 3 DOFED
BTk, BHEHAMYIEDD RIEGIED D) b o RV 7~ RF 7T 7
DSNLHDEZRELTEZ VWO HRBEON. £, RAE—FHEEZET
D2l —arTld, AV—HED 48 l%EBZ 757D T SN LLDZDELH/)
X otztzd, SHEOEMICBOTIZ 48 AMED A — AT+ TH 2 2\ i
RofgEohi. 2L T, BHAMUBREZZLIETOI I 2L —-2a v T, B
A AYIEREZ Sms KD RS LTH SNEOENKEL BB -72Z 2B
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