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HET7 LA REKRD AT LD EAESE

B 7L AR A 2074 2 Y AF AOREEMIIHT S - SRR LD, F
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BH% 100Hz~5kHz &5 L, ATSE0MA - MR O8O &, AL, SN0 5
WA, FRFR + 13.5deg/kHz & 1.0m/kHz AT &35, BT BORKE, SNR [ LRE
WAL D R 45dB, MR E RMS @0 FIRA 16dB &34, oL ICRE L/CIRm T
LARIw A w7 4 2 SRR RT3 LR,

e

——

#% 3.1: Designed specfications of the microphone sysytem with a spherical array.

No. | B H Rt
1 e GERTE R 10m~30m
2 R R R 20m

3 ERTRTB LT Drin

4 A 2074 2 RE N Adgax
5 FAE B AT fonin ~ finax

6 JiEGT I E Do

7 B AR Armax

8 RERER) 4 Sy

LAT2m

3.2¢m
100Hz~5.3kHz
+ 13.5deg/kHz*
1.0m/kHz*

> 45d Bxx

9 SNR [ b3 SNR i, > 45d B
10 | x5 RMS #885% RMSnax < 1.6dB

ko PRGN 7 A AR EE R I PREE T, V3 IR 2
e HEAIEEOM

TS AT AEM, RALREORA /O 75T LA EVIEM T4V FITHE
h, YAFLAOMAELT, SMEND, FEo THRE 7 L A O M I IEE, < A
yO7 4y ORENELREME, HH~<4 707+ Y OEBE LY AT L OKE, BRI,
Zef4rfRaE, SNR, MIXE{E RMS BE I HBBICMEL, BHCHMEREEY 525, UT,
IS OMERESEICIOWT, WEAHEEENES.
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3.1.4 HE7LSMOFEOEE
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3.2 S RAFLDEE
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ELLEER D,
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BOFHIE AR, SRR IOTEE & IR0 B OCE R, WO EOMARS,S RS, TORD
B0 &, MEHO=HaEs+F0F $HBTELY, FOREERL, T, BRE7
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YOWITE T RERM 5252 8T, %747D7ﬁ7®mﬁ®ﬁﬁ%ﬂﬁﬁ¢é:k
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1.472m

® Microphone Aluminum pipes

[€ 3.1: Arrangement of the microphones on the frame of the spherical array.

(1) BRI OIE

B3R LERE T LA Ot ci, ARSI 7T L7 Ol EIZBET 554, R

AOT, FRLOHDITEBNICIIRETH S, FOLO, TOSHEOTA 7117 4 DT
REICMP LT, Fofk BERSEHE, BEMEETAE, LEoOTES M D ERETEE
WMEET | Fv o RGO 8H~4 274 »HAOENE, BIEHELEHTELIZLIIR
B, BRETLVARLDLHOYAsa 7+ OB E L F v rabmedd) . IO
BAZLY, FHISSEDTA 2074 OFIHIZ M Fr A NMIHUTEICERTES. D
DENEZVAFLASEORNEE, E3.2125F. 185 o w1 s a7+ v OF#H % 24
Fx A MIMTTEBT 254, MK, VAT LOBE, SNR, HixE RMS SEO 5T
IR ES WP Ths, RELVATLAORHMEGHN S 20 1 O sL 25,
M3.215m LA T LA B2 2074 2 Y AT AQEMIZETIE, TIINg 70X
BUEUF I e A 20T+ Y OMH RS TORICH S 2R E RS TR L, &F v 2o
MZT, FRBEOSEOw A 207+ YD EFA T TICL2MBERTHMREL, —2D
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FrrALOWMHETE, TOBRMIHLT, #NSFrrALOr S Ay b TRIER
BEL=Zy PTRBESTELTY. Y42y hOT A4 YT quﬂzbmﬁLﬁﬁm
EREAOMBIRE TSV 3y ETHEL, FAVINVEELTFIVIVART Y ra X
OB IC5 25, &F v Y FAMIHTERR, BEHEX{To/224 Fr AVOHNE R
MEIIVE LT, YAFLOENET S, ZOLI, S bT v rN=yFNarEa—F

DL AFRFIMTI AT LAOKESAEERL, SREFEETIZI L CESL. UT, F v
VMDA razy b EBIELS Y FORREHI W TS,

=T '
1 D Pre- 24-th |
Lk Amp. || CH. 24 CH. outputt
| Mie(n, 1
1 ! I
! Pre- Lol Adde Gain Delay .
| 2 amp. > “’mmm*umm |
1 Mic(j), |
| o ‘
Pre- 24- th 24- th '

Dk Amp. [ gain control || delay control |

Mic(8) !
| signal signal .
__________________________ -

®
. . .
— S e e . e : System
[ Pre- 2-th | output
! C:'_’ Amp. |] CH. 2 CH. output:
| Mic() I
f ! | >
t Pre- | Adder |l Gain | I Delay X o Adder .
| [ Amp. [ Unit 2 Unit 2 .
¢ Mic() I >
] 1 '
| " [Pre- 2-th 2 :
' D’ Amp. | gain control || delay control l
I Mic(8) signal signal : To CH.
__________________________ -
|_ “““““““““““““““““““““““““ 1
1-th | ,
CH.1 CH. outputs (?am and
| time delay
" : control signal
re- |l Adder | Gain | | Delay

I
1
Mic(1} |
| Note type
1-th 1-th ' personal
gain control || delay control | gompute
signal signal X

1
1
|
i
1
| [ Amp. Unit 1 [ ] Unit |
:
|
1
1
|

R mm AR A G Emmmm oM AmmE M B Ewed SN e AR S S ke W S mm— e s et ea

3.2: A block-diagram of the designed electronic circuits of the microphone system with a
sphaerical array.
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Sfo Y RNOE A LDy P OUES A, BTEOME - BB ISR L
HET LA EoBESoRERBCH LT, BalsFr yRaLvov S su 7 YEOEE
W UCHI LS Ok EH SR O SRR E R MIET S, /- by A TN 2y a—
v EANEYEERCHREL, §F v RV UERIRIBAER F 2 Y- S IZEH
X, FORERTELF AN TA oy P Hﬁf%.nyelm&ﬁmﬁﬁéf4
/?w@mmﬁﬁm%7+mﬁmﬁ4fm&ﬁ&é . AERCHL S U CHIS LA 8bit T4
SHENERF e k= REY, BORTELF VY VRGPS ER TS, £
7o ZOBUER S A VICERT B, AT YT EMA L LERMIEREE Hy, KT o
yaxw9®ﬁ%%¢w?y7mkﬁ&m£Lfﬂwt.%ﬁﬁm%mﬁtttf.kﬂﬁm
B SIS DT AL S, WES S vy PR RT A, FORKA R 3.8ITRT,

33 LA ART VT L A REREREENE T, v1 074 v Y AT ADOEL
EHMPE 10m~30m 1B LT, ¥4 vy bOX A EREZ DD, KRR, % T5kQ

CEEL, AT R, & LTHIY KT Y a Xy (GERKE 10kQ) OEITE 2.5kQ 56 T.5kQ

F UL UL, EACERMMIIE U ALERNES A Y HPEREAND.
Rg
Digital
potentiometer
I-th
input
signal _
Rj I-th amplified
] output signal
I-th gain

control signal
from a computer

[4 3.3: Construction of the gain unit in the microphone system with a digital potentiometer
and an operational amplifier.
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sy 7B s, E3.5%0 CREBKSOKA 7Ty Z5EERERT Y Y a -5 T
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L, CREBOKAZBAAZEICL T, 70y 7 HElaEr, BEBHEERD.
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¥ O, R 3 SHAEL, arV¥a-FHEoT SRy ALy FCHNHL, Jhilki
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BBD pr pass
Element I Filter I I-th
I-th
input delayed
signal output signal
[-th
clock signal I-th
control signal
Clock Digital from a computer
Generator I [ Potentiometer I [

& 3.4: Construction of the time delay unit in the microphone system with a digital poten-
tiometer and a BBD time delay element.

+5V
Ra
» Timer
Dlglta% 1 I-th
potentiometer R clock
signal
RO R7
swil ( ( (gl { ( {sw8

3.5: Construction of the variable clock generator in the time delay unit, with a digital
potentiometer and 8 group CR elements,
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(3) WtE s & EERORE

LA F AR OBEHRIT T L D, VAT AOWHRER, FICHA TR LSS,
WYL EMETS L, WEETOEEL LT, BT LA 7 L A RS
SITEU0 A, T AT AT E v, D 2T, o oS s LCNEROZM %
BV AT L/, SNSRI T LA AT A0, H3.60 80 SilfETRAL, &
W, 7 ARUST o FEOEE, TS THEERS 2 A LR - BfEL

il

Main connector Middle
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' Left
arm

| Right

+— o platter
S ] e
) 1 « b1
s m 9 t?d Right

L5

HOWRE 13 88 F .

Ld 1.

_Balancer Triangle

stand

Microphone Lgx
array frame i

B 3.6: Designed jion parts for to fix the microphone frame on the triangle stand.

$1 WBWBERZTHAL O, KRTIE, AFHICHETELEERRTT VA7

L 4B okl (SHEOPLEEE T5) TERL, LTHEICHET 2HaE
I ZHEOHON BRI x%ﬁ@7v47v~A@ﬁﬁhf%%¢5 B 2, 0 IS T B T

AT, SRR TTFONBEOMBHANEE > Tndodh, KF, ETAAIBTS
..... EEAEFIESAF Iy 7 AL L ERS v, Eh, %mifm,ﬁﬁmt$m,%
SEESZFETTI L LA #, ETHAAOBERIEEHOLEOBEY TRATIELALD,
BEBTIE, ASESPEEOBMES 7T 2% L, ETHROER) OBMES%Z, SHL
FIRUTHIT 5 2 & L ATEHEICHET 2 &M EEREF 7 Ky 7 A CERO 1RO
PEWHE X7 EN b’}bt’*ﬁﬁzﬁbl,'c-’%ﬁi L. #OREyHEy 7 2o Bl A -
§ - CHERETELL ) ICRET A 2L FOMEOETHER 3. TIIRT.
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To joln parts

Rotation
© direction

EE:Bearlnq

Gear box

i
f—A
P
S

Meter

L

Handle

l- EJ pivot

To trangle

B 3.7: A gear box for rotation of microphone array frame around the axis of trangle stand

in horizontally direction.

3.3 X TFLOKEHE
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i
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g 3.8: A photo of the constructed spherical array frame.
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Distance of the focus point from array center

[ 3.9: Measured gain of the constructed gain unit, where the focus point being 10m to

30m apart from the array center.
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[ 3.10: Measured time delay of the constructed time delay unit, where the focus point being
10m apart from the array center.

14 . . . :
¥
Zf = 30m

12} / *
’8‘ + : Theoretical *
310} x : Realized *
o *
25 *
gl L]
W
£ *
= [} *
z ¥
& 4t *
D ;“F
e *

2 %*

*5#
*_-)K-
*
0 Lo e 1 . . :
0 5 10 15 20 25
Channel No. I

[ 3.11: Measured time delay of the constructed time delay unit, where the focus point being
30m apart from the array center.
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[€ 3.12: A photo of the constructed control box including the electronic control circiuts used

in microphone system.
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3.13: A photo of the constructed microphone system seting in the auditory room of the
university.
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3.14: An example of the estimated relative amplitude and time delay characteristics
of microphones used in the 1st channel. (a) is an overlaid display of 8 relative
frequency amplitude characteristics, (b) is the mean, (c) is an overlaid display of 8
relative time delay characteristics, and (d) is the mean.
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# 3.2: Mean relative gains and time delays of all the microphone channels.

[ Channel No. ] Rel. gain (dB) | Rel. delay (gsec) |

i 2.83 4.22
2 2.87 3.03
3 2.82 -9.55
4 3.15 -14.5
) 3.05 -12.3
6 3.09 4.33
7 3.08 4.53
8 3.07 14.2
9 2.74 -22.8
10 2.87 5.84
L1 2.91 4.73
12 2.88 11.8
13 2.71 19.6
14 2.87 3.41
15 3.32 13.6
16 2.63 - 16.8
17 2.74 27.3
18 3.09 36.3
19 2.63 40.1
20 2.64 26.3
21 2.64 38.7
22 2.45 58.8
23 2.34 30.5
24 2.57 33.0
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(a) Signal detected 1m apart from a sound source.
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(c) Signal with compensation of mean gain and time delay.
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3.15: Received waveforms of an FM signal, where {a) is the result by a reference mi-
crophone of high performance set Im apart from an FM point like source of in-
stantaneous frequency 100Hz to 6.0kHz, (b) is a direct output signal of the con-
structed microphone system set 2.5m apart from the source, (¢) is the simply com-
pensated output with mean relative gains and time delays, and (d) is the fully
compensated output with mean relative amplitude and time delay characteristics.
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