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Research and Development of Sound Media Universal Communication System Based on
Auditory Scene Decomposition
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Abstract

In order to achieve a new sound media communication system on the basis of auditory scene, we first propose an
ICA-based blind source separation algorithm with high accuracy and fast convergence, and improve its
post-processing. Using these algorithms, we can construct a real-time sound scene decomposition system. Next, the
sound-scene augmentation system is developed, which can realize expansion, modification, and synthesis of the
decomposed sound scenes and their context. Finally, as the practical test bed application, a binaural hearing aids
system based on sound scene decomposition is developed and evaluated, revealing the efficacy of the system.

1. FAMNE

AHFIE TIE, ML 7o FAE B & BAL & T D o5 i E
BREAT 4T ala=h—al VAT LAERRELE,
[FER L1, SEREBHEOAEZRTOTIERL,
FTNERY B RER®R, AIAEXENICB T 2O KA
BT DOFEROFFOZEMMIRIL N IE R EOFRE L&
PSR ThH D EERT D, BERMITIE, THMEREE R
BRI SRR A R L, I - HRERERT 5] L)
BEBTAT 4T ar T Y AN AT AORELE =
HEOE LTz, F72, 2OV AT LADOEINT 7Y r— 3
VELT, THEEROBICES MEMER) 2HEL,
BREOZ=ANA—WP)L-aIa=br— g UHiFE LTO
HARMECE L TREIT 22 Eam&BEE LT,

2. IRABRRURR

2. 1. UTAVEA LEBRSET LY ZLAOBZ
K TIX, TEESET LIV AL T, BE—A
71+ 251 (SIMO) A fREBL DSRS0 (ICA) %47
L7z, ZZCiE, ICA OIXHGEEEIZRI L C K48 100 [B]LL
TCOIER LSO TEIE 100 ms LD Y TLZ A A
MERZBIEE LoD DORA N7 A VA EOSRFEEZB L CE
D5y BEREEE B L OB E1T o T,

F9°, ICA ONGREE #f EX ¥ 5720, NEFEOL
T2 UMEATR R B SR 1CA 2 0RR L 7= 335 M - 90
{EFEZREL, 30 BIOKE THo 20 R ENE LR
HIERFEF L, ZnNEHKIZ, VT NAE A LATEHWET D

ERBIET VY R ADBFICK LE (K18, KV
ZRUTTIXEED PC ETCEHTLILOTHY . EED
VAT LB LT BEOFERRIEIL, 56.5 ms Th ol
SFEN AFFEAMOEMTICE L TRED RV L~V T D
PRI CHRRRIC B IR BEA 1T O 2 & D ERR ST,
WIZ,RA ST 4 VEEORRHUGERE L TE DB
FEEW EOMEE2IT 572, — RIS, RO R A ML AT
GG, DEEEE (SN) ixmETabon, (22—
TN AR RN D RRIRFREMEE R RAET D, A
ZEEASICRB VT, ZORAERA T = X b EHEAN RN L7
FERBEBFOMREEOEES L EHE L OMIZKE oM
R 2Z L aEEbdle, 22T, ICADFANT 41
BDI2a—T N A RAREEE BIRHEE Kurtosis
PR W EEASWTEME L, Bl 7e N T A —F Z%ET D
P AERRE LIz, ZNICLY, BINRMEEIZEBWVTH,
DN 2=V HN ) A R TEW SN L ERTH &
MWHEEL 2o Tz, £z, ARA MUEBEOSW RIS BEE
OEMIEZE LD 0% T THY ., KL 25R18Y 7
VE A LERE S 27 AMTEA L THEBEE T0ms DL T
ICMZDZEMHRETHDZ b hE LN o T,
2. 2. EER IR - BHRERTAI) XLAOBR
KO FZKDSERBREERART 7V r—va v &%
B 5720, AR OFIRDBELIRIZ L » T S =& 1E
BERE - FHREHT AT LT RADOBRREEITo T,
£1, MR EROIELAE Y AT AL LT, B

BRI B 1 (5 AT FE PR SEHEE R 2. (SCOPE)
57 MRS (PR 23 )



F OERE BBRECET EMOER (FOMEOHEE) %
EHRTHIEAS TV N FRAE ) U TEEERRE L,
%7 Ly MIPC EIZGUT & EBHITEELZOZ—FEY
T4 Tl AT o 72, EORER, +o iR E b o T —
*J“‘E‘) ?4 MEHINTND Z EIRINT,

DOIEREBNIORESFL, TOFEHRFNH B

El /‘?\

B A 2l LIS - WA 2175 2 & ThH D,

U EBEOFIENRET 2B 5 HIE Ak
@mﬁ%#é AWFZEIZBNTIL, 2. 18Il TR Y

TN A LDEE R L EERE AT AL A
L. HE ?'-?@muﬂdi}# B L CRHti 24T » 72, FIEk S

NS TICTRE SN TR 2R LIz 2 A ek
${£ Lk HZJ\TE‘ED muﬁ#‘@j(rhﬂafcfiﬁﬁﬁ‘ﬁﬁwu IS j’quo
2. 3. HEERNE  ERCE S MEMHESROMR
FEROMT T XLl EAERERR~ IS AT 5720
W2, ZOT N3 X AR KOG 21T o 72, AWFET
1%, ICA IC X AMEFHEE & Minimum Mean Squares Error
(MMSE) #EIZE S <IRIEA NS MAHEEIZ L DR A ML
L BHAA DY, THICE S MBI T LI Y XA
ERELL, 22T, (DEFBREMERIET D720, W
FIZBWTR LAY bAFA EZHND EW D FIFD
T, (2)MMSE H&IIZ B W TAEAICIIT DR MRS RN
B/ANCRITNERL RV, 80 ) Z EBRFERTTCHA L
Too T, LRO2ER R0, Tl F @b
AT ML A (equi-binaural) | 7/ =Y X A%FH
& UT-, AFEORMIL. MMSE HE O TEW SN hE E
LoD, AMOTEREMICE L THLMMEEZIT> TWVWD A
WZd D, BIEEICLDFHMEEREITo72E 2 A, HEME
PEREIZESE TCA R°& F v R /VIMSTIZ MMSE $EIR 2= kL
HEEEAEAT 200 L IZIERBETHLITL DD

TLUEBREMICE L TIERERSES R O (X2 2],

AL TR L TV Sl EFTERR O FE 22 25l 72
ESENAL e e Sb %%%WW@&%_owfﬁ«to
AW B & ] BTS2 L C ) D B EEEESE 2 xR I
UCEEAERA L v AT Bl SRR 5 5R Y
BT ol IS S AT L & OF U 7= 304l 2 550 L 7=, WRBRE
N 1A OTHAMCHEERER LTS A2V, 8%
OWRELEDENLZ T O, NEERE LT IFWT
WTERRW] W) a X MEEE,

3. &IV

ARBFFERF Cld, B8 ,a%:%i\?:?‘éaf747 a3
amr—al s VAT LEBETDLEOIL, 7T K
TR BEAVER 2 Jaqfk & U=l - #% B AT
LEAEER LT, £, FRV AT LDOFEIFNT ) r—3
2 L LCMEMIESRS AT LA2HEL, TOHMEZ2E L
THIEERERT L2 LN TE T,

AR EIT, EEEAIC S OMAMERZRD 551
36 MROEFAT & F X(%XM:ﬁXZﬁ)61#@D£

HE, SHFEOZEEEB, AMMBROEICELTH, £<
DOELRERFA (134) LHELREFE G4) METE
F ORI BRI E T, LLEL D | [FHEE B 2 B L
mala=br—valRBEERBI N T A 74 ) R—v
a VAIHICKRES B TE 2L E 1 5,

[BELRER)XF]
[1] Y. Takahashi, T. Takatani, K. Osako, H. Saruwatari,
K. Shikano, “Blind spatial subtraction array for
speech enhancement in noisy environment," IEEE

Trans. Audio, Speech and Language Processing,
Vol.17, No.4, pp.650-664 (2009 4 5 H)

. block B-1 i block b 3
] U L]
:wm\
1 | I | | E| o |
‘|I| L | ’I lug s TN IIT I I| | A I"' (I
Ll v [ ] ¥
Jrgyee” |.. L | A ""il" [ i P s
kaﬂ,?
|J (b I .| T
LTIV L.\JY\ i I..” Ll lJ. ATPOPR. TRRTTML YT LI WAL UL ...
| ” I]-w ,,I ,. II\M-I I" L 'f‘ILI LR T,,I.WI'MI
I I | || e
. : I
| | _Fer | || | |
. CAPEOADT— 577y o ICARRDRDT=2etx7202 % | FTE
LT P SRR F—rou® F—oaial
"] WOV DF =S RMLTICA .| MF O o mF = MM L TICAL | e
LUMBNETASEPETS [T FUMBAESASERRTE  [Maaaso
., #PORE 1 1 rmqr

|nmm ﬁmu] Jnmm awn‘ |nmm||ﬁmn‘ |m~mz ﬁmu

{ICA) (DS) {(ICA) (DS} ICA) (DS} (1CA) [DSJ

L z:wl-n,;g] 1 L[ A"«DHLJ' ] L .'X.'<J.'JHI'9¢'I ] [ :.Mn-uwm
i ] i I

| EEENEE =

K1. VT7nEA 2EEFERGBT LT XLDFEET o —

Desired sound |8 E : e e
oA [ '
Proposed (channel-wise) [IIet—
Proposed {eqi-binaural) : =

0 75 80 8
Correct answer rate [%6]

2. W EHEAR OSSR ENICE T D EERFE IR R
(R ENTZFLDOIEMESR) ©  Desired sound 15T
DEMLAE R, equi-binaural iT 229 % i F 3tk feo
AT VA & AWTZE4E | channel-wise 13 /24 1i#
BIZ MMSE {RigE A ~2 MHEE #1T > 2856, ICA I
fER ICA \Z L HfERE7T, RET LM EHLELT L
2 XAN, IZFTEOFBREMEE NS 2 TWD
ZERGDD, =T — =L 9B5%EHEXMERT,

[2] H. Saruwatari, Y. Ishikawa, Y. Takahashi, T. Inoue,
K. Shikano, K. Kondo, ™
algorithm of channelwise spectral subtraction and
adaptive beamforming based on higher-order
statistics," IEEE Trans. Audio, Speech and Language
Processing, Vol.19, No.6, pp.1457-1466 (2011 4= 8 A)

[3] T. Inoue, H. Saruwatari, Y. Takahashi, K. Shikano,
K. Kondo, “"Theoretical analysis of musical noise in
generalized  spectral  subtraction based on
higher-order statistics," IEEE Trans. Audio, Speech
and Language Processing, Vol.19, No.6, pp.1770-1779
(2011 4 8 H)

[EREE%EFY X M)

(113+ L&Z . @i, B, TR, REGR T
BLOMEEIELER, BA, 201042 A 26 H
€3 PP

[1] ®4#&th. IEEE SPS Japan Chapter Student Paper
Award, “Blind spatial subtraction array for speech
enhancement in noisy environment”, 2009 4F 11 A

2] SR, BARAEEZLFAEEBFRRE, "4 —7 «
ATV NEEEREE WU TV E A ARG
2 br—7ORME, 2010 4 9 A

(3] EfEth. HARGEZSMARFIEERER AT, "7
L — {5 B0 L SRR M I E L A A AT
T4 v FEFHEEIR S X0 o SEE BRI
T HWFZE". 20114 3 A
[(AARBARREZIEE L =R —LR—]

http://spalab.naist.jp/database/Demo/rtbssa/

Musical noise controllable

BRI B 1o (5 AT FE P SE eI 2. (SCOPE)
57 Mg RS (PR 23 )



