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Spatial Coding of Multi-channel Audio Signals in Sound Field Reproduction

Toshiyuki Kimura*! "2 Kazuhiko Kakehi™2 Kazuya Takeda ™2 Fumitada Itakura*?

Abstract — The sound field reproduction technique based on the Huygens’s principle
is important to realize auditory virtual reality. However, it is necessary to transmit
many multi-channel signals. In this paper, a new spatial coding technique for the multi-
channel signals is proposed to reduce transmission bit rate. Source signals are extracted
by convolving the inverse transfer function calulated from a room transfer function to the
channel signals at an encoded side. At a decoded side, channel signals are reconstructed
by convolving the room transfer function to the extracted source signals. As a result, the
size of data to be transmitted is reduced from the number of channels to that of sound
sources. A coding experiment was performed for a real sound field. It was confirmed by
subjective assessment that the perceptual distortion of the coding had little effect on the
perceptual quality of sound field even if the source signals are not completely extracted.
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Fig.4 Position of loudspeakers and micro-
phone array

(5) K&V, BFRESZHIET DERIIE 70 MOIELE
DELD. —J, ¥ RUEBEDOEITOBRIITIEEX
BTV 6o T, BETHHFEFIECB T L5455
BB TORIEIX 10 R ERD.

T, MEFECL > TR HENAEBITERD
WIS THD. wxIZ, i L EIREFICiEko
FX¥ INVAFACTEEEATHZ L2 LT, Bk
BAHICHIET D Z & L AREL 72 5.

3 WEILEER

Z DOFETIIRE LT ZZ MR 5 FEO A 0 % WGk
T D DIZHBRIAT o L ERICOW TR R 5. AR5
TIEERPEHIE L T DA E e L.

3.1 ENGEEHOAE

Kl BRI TR T SRR 410 SR O Al EREE IR
WCENGEMBAERE LZ. Z O RITEEm oW
INENVERY ST Z LI Lo T, FRERR] A 150ms 7
5 300ms [CFAGIT A Z ENTE S, HROKRIFLEKEE
WERBEIC T A Z L IC LT, 2IRICDEHAEEL
TW5., TEHOA—D LA 7 kT L—0R
EXZX 4R, A—he~wA 7R T L—D
1% 0.835m & L7z, filEEEEII A 0.5m D &
L, ZOEMEIZ15 EB X2 0 =-165° 225 180° F
TEH 24 HO~A 7 o R L ZRELEZ. Hodhohsd
1.5m O HEEC AL F-20°~20° T 10 ERB X ICAE—
B EEE Lo, A=W TR AR B — 0 (VB
%% SJ-1810), ~A 7 vk TESREME~ A 7 a Ry
(SONY ECM-77S) & i i=. 7 L—HOfk 7 L 2
BT L —LORBEZ~A 7 aR 2B A7, HIE
SMEEE VIR, HFELV-YUVIAE—D205 1m #
TCOETHD. o7V o F A% 48kHz @ 65536
AUTSP {55 [16] #5852 E—h b4 L, [RIBIINE
% 16 [0]{T> T FIR 7 4 V2 D N5 B % 4 1
ELT-.

ERREICBITIREESCT Y — MR — LD

F 1 |REBEBEONESME
Table 1 Measurement conditions of room
transfer function

FRZEL I 150ms 300ms
E=tk 19.5°C 19.2°C

Weh%E L~UL | 20.0dB(A)  19.4dB(A)
HFIEL-UL | 90.0dB(A)  91.6dB(A)
T 4 VHREK 7200 14400

F2 YNTFF ¥ REE OIS
Table 2 Synthetic conditions of multi-
channel signals

KA Y—2 | &FH AEE ANEHEZE
FIROE 1 1 5
FIRD FNLf 0° 0° 0°,410°, +20°
FRABIRER 0.6sec  1.2sec 1.2sec

REFEHZ AT VME CORBE TR A 1T 5 720, LR TITH
E LI BNGEREIT Y 7Y o VAR 12kHz
DFIR 74V ELTHDY. ZOBIEIZL->THEZE
DRI 4 F1272 Y, FRERROMEITENLEN
150[ms] x4=0.6[sec], 300[ms]x4=1.2[sec] &725. Z
NoOEIFEFNENREBEEL 2 U — MR — BT
% W) 72 BB RERICHE Y 3 5. Z DA, HORE
AR CfmiE R & 4 51072 D720, K4 OEROKE
S HERAIC 4512720, ~ A4 7 kT L—DY4%
13 0.5[m]x4=2[m], FL2HEAE— E TOHREX
1.5[m]x4=6[m] fH2 & 72 5.

3.2 TIFFryRILEBTDER

AR TINER L2 KT A V=R 231 EiCllE L2
BRGEBM A BRAT Z LI L > TF v RIVES %
ERR LTz, R A Y —RIT L MEEEE O &R, KEE,
A HERO 3FEE -, FA s TR L,
AREE & ARE HHBBORHEIE 1T MIDI FHD HAFER L
2. RIAYV—=ROEXESHT, 7Y 7Rk
¥ 12kHz TH 5. F7z, k% 50-5000Hz [ HlBR
LTW5. 1ERSMAE2FR 21TRT. FIRNLENHT
W WGEABEE LT, 5 EOERUSO S HRE
L7=. ZORE, HIROGAALSND A v — 7 TS
FEHEH YT,

3.3 HimERKOEH

WAREERA R O B I IFRERER] 2 L 1T T - 72, BHTF
Bz TR, £, 31HTHE LB ER %K
Z DFT CJE I Z# L, (6) HiTHE-> T 5x24
KD G(w) ZEH Lz, I, (10) AU L -T 24x%5
WO HWw) ZHH Lz, 20L&, D(w) OXARK
ST FIR Sy KRR 7 4 V% O DFT EHUGEEE Flv
D2 L& o T, ENEEBEOREFEL? /NS WE
BHREIC BV T RZB ORI 2 H I L TV D,



A#, & KA, HRE FBERICETA3TLFF Y RILESOERMASE

# 3 WinERA OB NS
Table 3 Calculation conditions of inverse
transfer function

FRARE 0.6sec 1.2sec
DFT 7L — A& 32768 65536
10ms, 20ms, 40ms,

AT
BPF D324 80ms, 160ms, 320ms
TN H 14400 28800

LS T, RVRERFREREERETZ L
NTE L., K TIIY 7Y o 78k 12kHz T,
HHRIEAY 50-5000Hz @ FIR /N R2XZA 7 ¢ )L H %3l
A L7, &#%Z, H(w) % IDFT (2 X > CHFEfERIC
RL, fIbUs 2 s ko TG T s V2 525
U7z, BHEHER3ITRT. N KRR T 1%
DIBIEDFEZE T D 22 MG AL TFEIC I T 2RI ITF Y
T 5.

3.4 FEERUEESEL

328 TR L= 24 F v R D= ILFF ¥ FIUES
(2 3.3 fi CRLH L7- W miE Rk 2 B AT 5 T ¥ %
NOEWESEHET 22 L1tk -> T, HEbEiT-o
2. Tk T, BERIT 224 T Y RANL S T ¥
FVCHIR S 7z, F72, HhiH L7z 5 EOERE 512
RNGIEBEE A B IHAALT 24 F ¥ 2D~ LFF ¥
FIEBEE LT HZ LIk T, HEbEIT-7
3.5 FEEREBICLIFEE~ADEE

Z O TR U7 BRI K- TR B{E T A
TAIEDL I BREENKEINDINEBLET L. F
T, BRI A 320ms (=3840points) & L7zHFDHE
WA X 5 12RT. AEFINFREEFR] S 0.6sec, 5
DNFREREI N 1.2sec DRFOFERTH S, (a) ITHE L
720 0° DA =LA 0 =0° D<A 7
1R E TORNRERE CTANF ¥ 2UEFITMY
T 5. (b) IXENEERED DR LR % T
5. (c) ITBMNEEREKICH R ERE K E B AT
WiETH 5. ZOWEN 3.3EHTO D(w) DX
AW FIR /X2 R8T 4 L& OWWIATIE T IS,
BIESOMEBENRRNE NS ZEERL TN,
(d) 13 (c) P HICENGIEBE B IAALTE
DT, B LT ¥ RUEBITHY T 5.
ENEERB O OHRIE R A > M & WmER S
PHEBIER A > Mg E R LEDE D &, RELEH =
(GBIER A > M EUT2 D, ZDZ E0n, R
WX o THERE S 2T 2 2 L idENRERSUCE
JHAE—AME~A 7 akrETORTORE (B
SRS T DBIE AR A > M UC L » CEEEE, 1K
B, BT AT SND [2]) ([Cxbis L BT T
L —UBR [17] 120> CTEPE T A2 2 L I2kY

T 5. FFEALIRAEDS 320ms DFAIIEELE L TEO T
FIRESZMH L TS0, (o) IRENDHIEFIT
33HTHWEFIR Ny RARAT 4 LV ZTHEWIKIE &
o TW5b. F£72, (d) DEED (a) DFEIEE 2L H
CHIZ72>TWAE. 20X HIT, BRICHFREMmET
2 T2 DITIREEE O RS B N 2 TR DI AT
RAVNETEENDINERD D20, F LTI
BRI OB 2 B LA A MBS 72 D
L, SHMEOLS RIARBELFEBLLS LT
DA SALBIE N R T & 5 & T8RS0
LR BBNMNBD [18]. EDT, BGFIEE & £
T DRI AL 2 72 D RS WL RET D 2 &M
WE LD,

I T, b BEZRGEOXEE b nEB X
5% 40ms (=480points) & L7=RFOR HFESR 21X 6
WRT. ZOGEITIE, BRI ORIER
A2 MIUTEEND D, FREE ORERA » ML
ENRNTD, (c) TREND LD I S -5
BRI BENERE L TORBIC/RD. LnL,
(d) IR ENDHETE LI F v FE ST (a) DY L
2 EMENHE VAL L TV, 2t E
NI B T L s 1T R TH oy —
DRENWTD, EILOBRITAIN S 7528 5 03
L7BE 2~ A7 LT LEI O THDLEEZLN
L. ZHERY, FFEALELE A EIRE B O 2 AT
TRV L D R BRI EL Th, Fv
FIUE B ORER EOBEDTIFE A EHTERRNZ L&A
TREIND. DIBETIINA@EECICHBER LT,
FFEALBRIE & 2256 1 SR D 22 W R E L 724
HCEBFMER AT Z L1127 5.

4 FEHEHHRER

R LI AL TFENARANC E D L 5 7o % K&
ET O E EBEHESEERIC X > THREL 7= [15].

4.1 ERIRE

FHIFHm BRI I AN 22 & S TFT O MR & H 3
FERRRH O A b, T2 D R TR ELE R (1
80ms DIRFAE) TITolz. AV —H T L—LZIEH
ONLEZK TIRT. SA1ETHALEL I, ~A
JaRyT L—O¥EIT2m IR DLDT, A—HT
L—D¥EEE 2m il Lz, £, HFAE—INEF ¥ 1
MEBEEAETDE, AC—HT L—OHFICELENE
B, M7ORETREND LS ICHLNE 6m B
N5 DA =T ONEIZEENELDZ 1Tk 5.
A7 O JE B EEFE 50-5000Hz TIEIE—E ThHo
=0T, Z OB TIREHNT A B — BB 5 JE R HURr
PEDOHIIEII T/ o7, BEERE L~ULiT 25.0dB(A),
B L AVVEEREE OALEIZIB W THI T0dB(A) & L



Coefficient Coefficient Coefficient

Coefficient

Coefficient Coefficient Coefficient

Coefficient

BARN—FvILY T T142LHX

Reverberation Time 0.6sec

5 5 CERIEN 320ms (=3840 points) (DMFOD Wifz 2 B OB HIfS R
Fig.5 Computation results when the coding delay is 320ms (=3840 points)

0.4
Initial Delay: 10.5ms (=126points) (a)
0.2 1
0 M
-0.2 1
-0.4
0 03 0.6 0.9 1.2
04— -
Initial Delay: 309.5ms (=3714points) (b)
0.2 1
0
-0.2 1
-0.4
0 0.3 0.6 0.9 1.2
1 e o) .
0. Lnitial Delay: 320ms (=3840points) (C) i
0.6 1
0.4 1
0.2 1
0
-0.2
0.3 0.6 0.9 1.2
0.4
Initial Delay: 330.5ms (=3966points) (d)
0.2 1
0 "
-0.2 1
-0.4 . . .
0 0.3 0.6 0.9 1.2
Time [sec]
Reverberation Time 0.6sec
0.4
Initial Delay: 10.5ms (=126points) (a)
0.2 1
0 R
-0.2 1
04 . . .
0 0.3 0.6 0.9 1.2
04— -
Initial Delay: 29.5ms (=354points) (b)
0.2f] 1
0
-0.2 1
-0.4
0.3 0.6 0.9 1.2
08 lnmal Delay: 40ms (=480points) (C) |
0.6 1
0.4 ]
0.2 Remaining Reverberant Sound |
0
-0.2
0.3 0.6 0.9 1.2
0.4 T T T
Initial Delay: 50.5ms (=606points) (d)
0.2 L 1
0
-0.2 ’7' 1
-0.4
0 0.3 0.6 0.9 1.2

Time [sec]

X 6

Coefficient Coefficient Coefficient

Coefficient

Coefficient Coefficient Coefficient

Coefficient

=
At

0.4

0.2

1
0.8
0.6
0.4
0.2

-0.2
0

0.4

0.2

0.4
0.2

1
0.8
0.6
0.4
0.2

-0.2
0

0.4

0.2

Vol.8, No.4,2003

Reverberation Time 1.2sec

Initial Delay: 10.67ms (=128points)

(a)

0 0.6 1.2

Initial Delay: 309.33ms (=3712points)

(b)

0 0.6 1.2

Initial Delay: 320ms (=3840points)

(©

0.6 12

Initial Delay: 330.67ms (=3968points)

"

(d)

-

0 0.6 12

Time [sec]

Reverberation Time 1.2sec

1.8

2.4

Initial Delay: 10.67ms (=128points)

(@)

4
Initial Delay: 29.33ms (=352points)

(b)

0 0.6 1.2

Initial Delay: 40ms (=480points)

Remaining Reverberant Sound

(c)

0.6 1.2

Initial Delay: 50.67m5 (:6081501nts)

L

(d)

+

0 0.6 1.2

Time [sec]

TF T LIRIEDS 40ms (=480 points) OOHFO MR EERI S O B H kR

1.8

Fig.6 Computation results when the coding delay is 40ms (=480 points)

2.4



A#, & KA, HRE FBERICETA3TLFF Y RILESOERMASE

Low-Reverberation Room

Acoustical Transparent Curtain

Height of Loudspeakers
and Subject's Ear : 1.2m

7T AE—HT L— L ZRE ONE
Fig.7 Position of loudspeaker array and sub-
ject

# 4 RROMAE DY

Table 4 Combinations of stimuli

X A B ﬁé;g iﬁﬁﬁ

BEORE éﬁﬁ@ ! ’
U

S G ,g;{foflns) R ' i

g RE (ézjifgfns) ! ?

JE G Sj{ztois) e ! i

JRE S RE (é%i{fils) ! ?
U

S (i ;%tﬁffo?ns) i ' i

7. Fio, HROREEZKKT 5720, MR MR <
L, A=W 7 L—0ORiHFITEEL—T > TE-oT-.
4.2 EEREE

BB 1T B EAFICRB W CTHARICRE O RS
m?%@%%?ékl%@ﬁ%%éf%é.%ﬁ
ITU-R &% [19] 125t - T —Hili% —EERIEE AV -,
FRITIZB W T 3HEORN (LT “X7,  “A”, “B”
LT ) RIS, X ITIEFEICFF 5L LR
ENEIYHBTHN, “A” & B IIZIEERED LM
B LTEEN T XA ACEI DS TonD. il o2
TOMBE LT R ORITHEE 4 1R T

FFRFHENILL T O X IR E L. £, fFakic
L BHBOENERHTS72012, EREKE 2012
DEIL, ZThEhE “EHE”, “2RGHE” &40
. RIS, ZNENOFLIE 3 SO v v a AShE
L7z, FhEFhotyya B TEHFRORR D 3
FEOF ¥ XNVER (“BF7, “AZ, “REHLER)
YR LTz, TORE, FROERIERIIHERE Z L
TR A R LT, Ky va BV T 6 RO
BRIT L 12 FIOARRITEITV, 1 HORITIZBNT
“X7, “A”, “B” ONIEICER L-. 3 YTORRIERF &
WBE LT v~ A A LTz, EREtEofnX %

Subjective Assessment

Sound Field Evaluation Total Evaluation

'
'Evaluation

Session 1 Session 2 Session 3
' T T R .T T

Randomize Y=<, _

~.
~eo

Sessmn

Training (6 trials)

Ref. Ref./Test Test /Ref.
Break Break
(0.5sec) (0.5sec)

B8 T AEAlh FEERET  D pi AL
Fig.8 Flowchart of Design of subjective as-
sessment

#5 EOOFEER
Table 5 Scale table of impairment

EDORRE FFE
FEDIYIND IR 5.0
MM BR, KU B | 4.0
ZNDT IR 7266 3.0
ENRI 72D 2.0
ZENIEF IR D 1.0

B 8 (2R

4.3 ERFIE

APEOE G I 51 & 2 55~ B A 5T
fliL7z. HEBREICLLTO L D %’lﬂ“bf:. [exX” 13 %E
LRDWMBTES>TWET. “A” & “B” 05500
MTRAEL I DR EFRI CHE TR TV ET. “A”
LB Do, BRMELRIERERTES TS EE-T
ﬁ%“MW&ﬂELTTém 9 —DEEK 5 IThE-

HREDOZEN ENL B\ B0 /NIRRT AL EAT

T “1.0” M5 “4.9” OFPHTREE L TF V.
%*@é@ﬂﬁ?i%:ﬂmbtﬁ% DB
Z, T blZ LD EE~OREL LB VT RIRN 725
@%@ﬁbt.%%ﬁ_quiﬁmﬁ%Lhrm”
HRETT. “A” & “B" OLEL 500 THEE LIF
LTI, “A” & “B" Do b, FFLEoh% “5.07
LHELTTEW. $9—DlIFE5IIME-T, gL
DD EIL BV E/INIRE 1AL T “1.07 225
“4.9 FTTHEL TR,
HERBEWTWDH, #ERE LT A B hic#hnT
ZEMTER F, HER O ETIHMES X7,
“A7, ‘B A< 2L TE

4.4 ERBERRUER

“A7 L “B” @9 BIRFEEEID YT “5.07 &
FEE L= EHERT 5 Z LT L » TR OFEERE
ZIRGET D . WBRE OREERRN N+ ThRWIEE, &



BARN—F ¥ LY T7)T1ELKHXEE Vol.8, No.4,2003

#6 _HEHBREDRSR
Table 6 Result of binomial test
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36 34 0.0000**| 35 0.0000"**
36 32 0.0000***| 35 0.0000"**
36 31 0.0000***| 32 0.0000"**
36 32 0.0000"**| 31 0.0000"**
36 25 0.0057" 28 0.0002***
36 25  0.0057** 27 0.0006™**
36 26 0.0020*" 25 0.0057*
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