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Abstract Stereophonic sound reproduction technologies for recording and communicating three-dimensional sound
field are enthusiastically studied in recent years. The Methods for three-dimensional sound field reproduction can
be classified into two types: one is the method in which we control the sound pressure signals about the listener’s
ears, and another is that in which we control the entire area around the listener’s head by making wave surface of
sound. We proposed the three-dimensional sound field reproduction system based on the boundary surface control
principle (BoSC system), which can record any three-dimensional original sound field and reproduce it in the sound
reproduction room. In the BoSC system, design of the inverse filter to cancel the crosstalk from each speaker to
each microphone and reverberation in the sound reproduction room is a material factor. However regularization
method is used on designing the inverse filter for BoSC system, how to decide the optimum value of regularization
parameter on designing the inverse filters for a reverberant room had not been proposed. In this paper, we report
the three-dimensional sound reproduction system based on the boundary surface control principle and how to decide
the regularization parameter on designing of the inverse filter.
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B, BHMEMOHERBICKD, REDERZLETH LN
AREIC o7z, B TREHROBIEI TALERERL, HE
PRI TR, EPREOBREEET ZHEMEEAK
HEINTVS. BEEICEL T, BERBROAZLET 5D
T <, ZRAEZHOERBEHRE SO TINE - BET HHEIM
DEEINTVS. TOFEZAFITR L, REBEOHEL LD
BEEFET 3 Fik L ZXOTHEARER L. Z2MEEE Sl
BERFEICHOIFIEND. fIBEINA/—IV [ R TV RA—
S [2] RERBHFENBH, TNEHDHER, BEEMmZREED
EAZORESFEENICZIES XER 2SR L0 S E
DNEEND. BEIERERE 3], BERAZSHRHEORBICED
CHEERHTONS. CNEDFEIFEMINCIERZED H
LURBIE % HI S5 128, SRS OEIMmEREICRTE LD,
VAT LOBEBHIRELED LVIENSITENS. 2T
BAL, ZEEOESOAMICKHZEKT 5V AT LT, BE
BICHIEN 2L, ERHEHEL L TEESSORFBRERY
BRAE LBV AT LZEEL, BEREGHIEOREMICED
ERTEHHEEY AT L (BoSC VAT L [4]) ZIRELTE.
BoSC ¥ A7 L, ZHlESMETRESZDEZSVHEETH
ET27-0DT IV ADREHEEL KD, TNETEHL
T &7 BoSC Y AT Lk, 7 1 L ZEREIRHCERILIEZ AV
TWBN, EAHE/ ST A — 2 DEIFREIEHVRBNICRO TZ
7zo FCT, ARETE, BF v 2 2IVET ¢V ZEBELENT IV
UXLERAOTRBICRET S HELRET S, £, BEF
BEHVWACZ LIZKD, BoSC Y AT LOBEEEN M LT3
T LEHERRT B.

2. BoSC AT LI

BREEHEOREE 5] 1 k3 &, BBl 3 HlEEsS v
CERBHBIC B A HIEER Vv, FEBcBI A5 v 2H
AT S L BESHICBY 2 EEES Vv 2ECERET S
BENENEETHS & &, BAE S _LOBEEE NIHIE R
KB AEE LR TFHEE L, BRE S LORESICETAE
FELHTHRERZZELLTEENTENG, 8 V NOEH
EHEE V' NICERTACENTES. 22T, BERlchwn
THERE S LOHEATERLEES [X] T, 74/VZ [H]
EEBANTAE—HICANT S, AC—HIC AN ENES
[H][X] CXBHENOEEEK (M) PEHAENTHRSES
KBTI BHEETELONBZEES Y] = [M][H][X] &%&%. T
T [X] =[Y] £TNEBVDT, 74V% [H] &

[H] = [M]™* (1)

ETNERL.
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R—LRICAE—HFBREBE LIz AE—H7 L— (62ch) Z&KE
L7 BoSC BAZENTHEAZITS BoSC Y AT LZRELT
%7z, Fig. 112 BoSC ¥ A7 LD %, Fig. 2 I BoSC ¥ A
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1 Configuration of BoSC system.

2 Microphone array for BoSC system.

3 BoSC sound reproduction room.
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BEZACREBLIEAC-AT L—ICANTITS. ATEnifE
Blcix, ZENDEEBBNEHFATN, BoSC BEZNDHIHEA
EBWTHEBS TR LESPBEREINS. ChckD, R
BEHCBOTHIBESR THEENCEEROSZ S ZIERL, BHRE
RIC B THRIER THE N BRI TS RIS B TIRER L
BEENEREIND.

3. FAHLZEICKBHT 1)L 2DHRET

BoSC ¥ A7 LIZBWTiE, ERHLE [6] ZBHWVWTHT 1L
ROFF T T B, RLHTHIOFER (2) c&FNh5 8
MIERHESS A—2TH B, ERHLSSA—22NA B kI
EOBEEBMAMA LA LECBEERE AT 7).
T4 V2% FIR 74 VR E UTEREIT AT EWAEEICAS. £
Tz, BEFESNABW T 2 VA DEBHHIINZ SN, T 2 )L ZDFE
EPLRBREMA S T EHFREICKR S [8). M7 4 VR DFEXE
B TIT> TWA D, ZOBRSIIIERMEICERL S
A—RERETZHENDHS. [EAL/ ST A—21F 0 » SHEE
RETOMERRDEZ 7280, ERULST A—2E2RLICELE
VT THRSZEEZ AN RETMEEZRE L TVL T LGIZER
A[RETH 5. B LIZERHE RS A—2Z2MA B LIc KD
VAT LI KA BIMEEIIET 5, BERIZEAE ST X—
2EMADZ LK -T, BEWY X7 LEONX MCEEEHT
AT EHTBRICR D, BEBENSE LTS, LHL, EAIES
A—FEETOREFERICBOT 0 h SEERDOERZRDES
B, BRAFRCBIIZ 2 TOERERT A—2DOEA&RICEBY
ZBEEREEAFE UL/ ST A—XERET 5 T LI TARE
Thb. ZIT T, BlEKEEEERRT 5HOISBENT VY
R L (9] Z VT ERMOERRIEDS. $abb, EANLS
FRA—EEMABCLICEDBIRBEDNEG 25 XD REREH
HEOEI AT A—2 OGS ZEREHNT LIV X LZRHN
THERL, BEEEAL S A—2BRET 3 HERRRTS.

[H](w) = (M (W)]"[M(w)] + B~ [M(w)]” (2)
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[ 4 Flow of algorithms for deciding regularization parameter.
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(i) BEF

LA D Z2—=T)NY RICH U TERIL RS XA— 22 A 3 58
BIEFZ 1, IAGOHEEIGEERTFZ 0 £ 95, EANL ST A—
2D 1 EDMEIC B BT Bincrement (2 TDEBRICH
WT—RE LT 5. FIAR, BEFEA [10010011) THo725HE,
1, 4,7, 8 3 REUIIEAHE/ RT A— 2 DI Bincrement 2
A, R Ridhnz &,

(ii) BEEDFE
BEREEZX 3) ZAVTEHEL, SEXRDOEEELTS. C
TT, Co BAVINVATHD, C, & C, ZEBHICBIB1E
BLLzE I BoSC VAT LIC X VEEREINBEE (BIED
ERUE, BEDHIERIT>72) TH5.
L1 () ~ Co(t)|?dt

R = — 10[0{]10 T
Iy 1Co(8)]2dt
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(iii) PERFIE
FEMOBEEDOFHNFEFNDHSEOF L DKL KB T
EW 5 HRBFIEIGR Lz & r3x 9.

(iv) j BEOIVL-T

FIEAIREE (5 — 1 BHO)V—TE TTIRE LZERH AT A—Z
EINZ 0 OWT 4 VAOBEBREE (B5E) R;-1 ZETEL
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FIE1 1 #EREZRETES. BETREES VA LIGREL
m EHOREIERT 3.

FlE 2. EFNDO m BORBEAEOESELZFET 5,
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| O AR S0 5 l 0 DBEFICIIBEOEETT A IVEZED 4096 TEX 7 2 V2 H
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| § REIECEERORAN S < FETETIHE> TV,
[EaEos BEZRERORE L RIS 5| EAHE ST X —& B, ZRVIHEECERC B 3 HE

l : AN ELHETETNB T LD N 5. Fig. 111, BEH

R ATV R OER % Bk B EEHICBIZ2EHBREZAZRT. EEHLSA—25 0 D&
T ERERCSES ; 100 Hz U FORBEAERES EF BT 4 LABRIENTV3

T 7z, 600 Hz B7eDI2b K EHE— 7255, 100 Hz LIFO
BB OS I MEERERERIC A — A h D EBICIHIE LAY
HAENTHEL T, BEEE>TVBZ EAEZLNS. FAI
B85 A—% B, ZAVZHE T D 100 Hz LUTO B
LR I RVESREDEEFMEZOE TR Ica  ASNTVBEI LA TAS. £z, 600 Hz H7z D DE—7 Ll
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T, —fREEER T VDY X LOENE Fig. 51 LHT

5 Flow of Genetic algorithm.

5. BoSC YATFTLITHIFBEANLINS A—2D

5*@ = 0.03——— - .
= 7 B = 0.001 ===

HET 57 )TV ALK BoSC ¥ A7 LICHEAT AT £ T, %0”%;__J A8 = 0.0005
BETNIY RLOZSEORIEETo7. AY—H 1118, % £ 0.02r 1
5 14 B2 TE BRI RANCESAREIC RS £ 5ICBT S o o150
HLUT, BRAE—IH 5 ZEESE O > IV ASE RS> T ‘§s ootk _,_’—
U > JEEL 48000 Hz TUEREIT o7z, #7 4 )V 2 DGEHE S
BEREGEE T, FFT B1 > M 4096 TEHEAT- 7. S 0.005¢
BL/ST A—ZIE 1 A7 Z—T Y REICHIE LT, B =
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FRIZ 8 THolz. EEHL/ST A—2D 1 BIOMEICHI 518
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IR ERHE/ ST A—2 4 0 DFEOBEIFEEIE -1.97 dB, — .
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7 Coefficient of Filter: time domain.
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Coefficient of Filter: Time Domain
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8 Coefficient of Filter: time domain.

Reproduced Signal: Time Domain
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9 Reproduced signal: time domain.

6. £ & &

ERZEHEORBICE I ERTEHERY A7 L0
T 1 VR R RETT AROREREAN/ST A—2BRET S5
BEERRR L. #2703 LG, Bl 7vdy) X Lz2BN
THY, BIRBENEAZ XIICEIL/ ST A—2EREL
T, PRI D EAESBRICBIY 30BN ERAL LKA
BEICBNTEHT 2 )V EZHIGR U, GEBETTH ORI
HOEIICKDHET IV EOBEEHREMA B 2 LA AIHRICAE
3. AMETESNIEERLZ A—A2DEDORAEIL 0.028
BETH D, AREOEMEILTERE IS A—2 DI b &
BEOETOMERZHRRLUIEEIIE, BEFEON 1.6 X
10® EOBBAETA LICAD, RTOHEEEERRTS T
LRIZIFERATHETH D, iz, TOERHLIRS XA —RIRESFE
BERSHHAOFBICE D ERTEHERY A7 LD
TANVEBEFHDIEELT, FIUAF—FNVDES EMOER
TEESHEEFRCBI BT ¢ )V R R, BREREDHOD
W7 VAR LENEAETHS.
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Reproduced Signal: Time Domain
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10 Reproduced signal: time domain.

(dB] Reproduced Signal: Frequency Domain
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11 Reproduction accuracy: frequency domain.
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