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Study of In-vehicle Sound Field Creation by Simultaneous Equation Method
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Abstract

FUJITSU TEN Limited has developed "TOYOTA Premium Sound System" using "spatial control technolo-
gy" for CROWN of TOYOTA Motor Corporation in February 2008, which receives high reputation. We, at
FUJITSU TEN Limited, and UNIVERSITY OF HYOGO have been collaborating on research activities of sound
field creation technology by a simultaneous equation method through the upgrade of the spatial control technolo-
gy in order to provide sounds with more natural sense of expanse. Through verifying the principle with a simula-
tion model, we confirmed that it provides appropriate controls depending on listener's moves and creates arbitrary
sound field at the periphery of listener's ears. This new technology can provide precise controls depending on lis-
tener's moves, and this leads to expansion of the spatial control range whose upper limit used to be 1.5 kHz. We
found a clue to providing sounds with more natural sense of expanse.
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Fig.1 Image of Targeted Acoustic Space
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Fig.2 Impulse Response (Left) and Directional Diffusion Diagram
of Reflected Sounds (Right) in [Ideal] Living Room
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Fig.3 Impulse Response (Left) and Directional Diffusion Diagram of
Reflected Sounds (Right) in Vehicle Cabin [with Spatial Control off]
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Fig.4 Impulse Response (Left) and Directional Diffusion Diagram of
Reflected Sounds (Right) in Vehicle Cabin [with Spatial Control on]
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Fig.6 Overview Control Flowchart
(Left: Traditional Method, Right: Sound Field Creation Technology)

3.2 FiE
3.2.1 18

EYRIAEBR DY A7 AR ER7TIORT . A=A 5
W s, FRZem 2 M L 725855 2 I Lo~
A 7 CTHURS 5o RIEHFEGE LTS L7215 5 2 T L.
I B % B ESCT_CHIH 7 4 v 25HH T 5,

ZE—D 0 - E o
’ < 2',! ,"\j%i%ﬁ'lé (C_), /,‘ <] H%W%‘j)

-

EFEES (X)

X7 X7 LiERK
Fig.7 System Configuration

AR OISO WTEHHE T 5,
e, AT AR R 72 5B R 2
F8IZ/R L. TOMEMIZOWTHMT %,

2E— [ﬂ c BREET
xi 4 Y !
> H . i
— » P :
| / | snum |

X8 EEEBATO Y IR (—HEAY A BEICHI T
Fig.8 Block Diagram of Arithmetic Processor
(General Adaptive Control Technology)
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Fig.9 Block Diagram of Arithmetic Processor
(Adaptive Control Technology by Simultaneous Equation Method)

RIZ, WAV RELCHHE 7 4 vy (H) OHEW
HIBIEZ e L 3, AR 2 F o 2z AR
i CESRIAEAT) ZB9II/RT,

X84 5 DZEAL LIZHEBI 7 4 vy (S) ZHW-Z LT
Hbo W7 4Ny (S IIWHEHICORE (CH) & H
B (P) LOESERTT74NVTTHY, Hifh7 1 v
7 (S) LHESWEDEGDE (o) Z0I2T 5 X ITH
BEND, TOEE, MiBI7 40y (S (ZIZERERE)
2K EAEMEERE (O okwe, #HM7 41y
(H) OBARIZOWTORERBE I, #ilh7 4
Vg (S DEILEMT 4 vy (H) Z2HHETHIET,

29



EL&T H#R Vol.28 No.2

BN REREE (O WSBL27 4 VZIBIETE 5,
o Ty M HF RN S F & F A HE M B
(O) WCHHRELBEHRETEL I DS, BIZBIHI~OIIE
(238 U 72z B BT & v 2 B
RTINS AREOHIE 7 1 v & JRE 2
DWTHMZLT) o

3.2.2 HlfflT « LY DREEFE

W7 4 Vv HEFEIROFTITbI S, HEESEY
& RIS oo D152 3 & 025 oW, EINEHIcE T
DIREREEE, REZICHBE 7 4 VI WETHY, hz
N 38 - CTHMT 5. B2 HMEHCHIIHIE 7 4 V5 (H)
EEBEMERE (O zaB LBNGES (V) ZH
o HHULEDFFIZRD L HITRKT I EHNTE S,
Y=CHX BMENES
CORMEE HEEY 74 vy (P) &l L7585
(PX) 952 LDHWNTHLDT, HH7 4 V5 (H)
BERDEBY TH S,

PX=CHX
::Hz%; ST 12 (H) OREE

s EEERRERE (O IZBU 2 REMRTH S,
7272 UEEZEMRERE (O PRATHLDT, 20D
T I TRREMZ RO B ZLDTE R,

ZZTy ROXH BHiBI7 405 (S ZFET Do

S=P—-CH W7 4L (S) EER
=SX=PX—-CHX
OSX=PX-Y W71 IL2 (S) EHR

HZT, #WiBi7 4% (S LHEFYEDEGD
() ZOICTBIHIICHBI 74V (S MBI &,
W 74Ny (S wHRAOLAIELNL,

ZhCXY., HESY (P LEREHCOMNE (CH
LDESERDDLZENTEX D,

RIS, W7 4 v (S) HPFH;ICHEE S h TR,
HiBh7 4 vy /A SHAOME (P H S Zfliv, &
BRMEFE (O OlZEPMICCE LTHETE %,

BFETREEFE (C) BHA

COCEHCTHIBEZ 4+ vy () #FTE, w710
¥ () THIEENHM7 4 vy () O%EHE %5,
P P

H 5o H

=C~P=S HEZ vz (H) BEHRA

30

ChIC ko T, FEENEERT (O 2WETHIE
BREGHOHET 4y (H) 2RDDLIENTE S,

3.2.3 Y A7 LOEIEH

VAT AMEBNRE, SRR ERE (O AHFREO T X
FLAOMEBR Z MBI 74 vy (S). #7414 vy (H) %
RV ZAT 9 o

W 25 LEENRF

VAT MEBIZ T TR 7 4 V7 @R S Wil 7 4
Vg (S DHEIThNS,

RICHIE 7 4 v & EFHRE ML, #E7 408 (H) 28
RSN L, @74 vy (S) ORI, SEEERRE
Btk (O ZMET 2R K71 vy () Ol
BEsT A ENTE B,

P, NP ORAFEEREEEZR L, 03wETH 5,

- BT 1 LI EER
S,=P-CH,=P-C Hy=1
- HfE T « )L EHFH

P P p

H=p_sH=p—p-c)~C

TEEMERE (O OB R WEEBRE T, il
W74 N5 (H) ORBEFITEFZ104T) 2L TRE %,
COYE. ROBEHEEIH 7 4 V5 (S) OEFE->F
D, HESGEOESHFECRY, WBH7 v (H) 1
FH SN0,

BT 1 LY EB
S,=P—CH,=P-C£ =0
- B« L5

__P _ Py _P
BL=p_sH=pH="7¢

BEEZBLERYE (C) TEEF

EEAE DB & HEENEERE (O 25C = C+
AZEE LA, M7 40y (S 3BT ELRY,
H#7 1 vy (H OBEFIITHbNb, BHITL T, il
W74 ns (H) IEH L2 EERM@EEE (C+A)
WIS g % i 2 BT 5,

- BT 4 LY ER

S,=P—(C+AMH,=P—(C+A) &= -£



EISETEZ AL cEEAFBRI RO

- BT ¢ LY EHR

__P -
H3_ P_S3H2_

7 1+ Vs (H ORBERIRE > TWIUE, ROE
BTIEHBI7a vy (S) OMEBFEICRY, HEHT 4 Vs
(H) FEFHI N0,

BN 1 LSBT
S,=P—(C+AJH,=P—(C+A) zhx =0

- HE T 1 ILYEFHR
_ P ,_P P _ P
H=p—sH=pCc+a~C+a

INLDYEE D EEREPRE L. FTEZHRE
Rt (O WELL T, TORBEEE 267 1V &
(H) WZHEHEIND, LoT, HIEHEROIEKRIZL D, X
D BIRZILAN ) SR & BEICE AL B O Z B & 2R R
TOm#EZEBTE %,

(4) FERIER )

4.1 Y=ab—vav

TN E SRV ERAN O R HMBGEZ 1T > 720 B10I2¥ 3 2
L—2a YETFIVEIRT . BEZEMRERE (O ol
IS BB I ERE L2 4e k2 e L. HAEESEY 7 4 vy
(P) 1ZRM120D X 9 48 E M7 4 v % (S) 120,
T4Ng (H) F1E Lz, HRFHIITREOLBY,

- EREEEOESHENERESEE T DD
- BEEEGERERERDERER LI DD

10 ¥XaL—Y3>EFI
Fig.10 Simulation Model

HEET (XN CEHESLEZRMEICHISEL 0,
(SRR R LAY

AHIFEER X T REOX TER S N L EHlZE (E) 2w
72 ZOFMRAAGHEE S 7 4 vy (P) & BERCE LR
OFYHEE (CH) 23 CHEZ2 R CTiE. P=CHE %2 ) E=0
Ebo Hbo T, FMEEREDVNS 2 flIZ & X < HEEEY

T4V E (P ERERE LS (CH) %L T
WwWbEWnz b,

_ 2
E=mm&{ﬁlfﬁL} SFEEET AR

E: fHMfisaE. P: BIEEHH 7 1)L 2. CH: BEIEEHEOZ BN

42 YZ21b—v 3 VER

R11ICFHiliFRZ OHER 2 7R3, Ml zHE 7 4 vy o
FHT MR, M A SHIiER AL LT ey PLTWa,

CORRTEHE 7 4 NV OEF Y H T LT, B
MEREATRA LT b F 2, BEH B2 AR CRHI
AENHIL/100 (—40dB) RECTPOR L. HEESH & —3K
LTWB5D0bh b,

B EGR H TIIEEI G OB B & B9 _ <, R
HEERE (O 2288 TWwbh, ThICX o T, 3l
MANEMIZ AL, BEEHERLZS>TWER, §<
12— 40dBREEEICF TEAVNS D, BESESRE —3%L
TW5D0bD 5,

S

BERE ——— =
BH = g

4 6 8 10

BIC7 1 )V 2 EHEH
K11 FHfERZEOHR

Fig.11 Transition of estimation errors

K121 HEEES 7 4 vy (P) O Y230V A%, E13
AP A2 2S — 40dBREEE ORI 7 4 v & (H) & Fv 721
R EOT Y (CH) #%K3 A4 VOV AIRETH %o
B BB O TRl RS & K —H LT 078
b

0.5

Amplitude

-0.5

0 50 100 150 200 250 300
Tap Number

12 BRSSO /NI EE
Fig.12 Impulse Response in Targeted Sound Field

31



Hu

& #H, Vol.28 No.2

Amplitude

0 50 100 150 200 250 300
Tap Number

13 BEREEFEESED T 2 /NLANE
Fig.13 Impulse Response in Sound Field around Listener
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