1-8-7

HAE

95
=

DOA-HMM |2 S BEISTEDOLIRE T T A+ R EIRS
Yobll O sk, BRI, PRAE, B (RIS T)

1 [XL®IZ

ARG, BEIERAXGE LEARET 74 R
BIRSBEOMEE W >, 7 74 > REJSHE (Blind
Source Separation; BSS) &%, M LGB £
TOMREFEDRRINTH H5EIT, HEOEFNIE
AL ETNO RO EFEF LT 28I TH 5,
Bl x1E, DHFIBWTHEBOEFESTOR -6k
TAbadEE BEMER L2, mRy MIEH
DEREZ BT DL 2 S8 5 Hig~DIcH
DEFFS LTV D,

BSS TIHELHIE 526 HIRE R & £ DRG WM A
HEET D HERH D70, WFITEIRCE ORA R
W2 L T DIREREE, EOREICEIVLTH
O BUER & LRI 2 HEE T 2 Fed b8 &
LCcESNbENn D, Bz, BSS W CHEENE 54
DEFIL 0 b2 VVEREME T, BIRE SR oM
SEMEAARTE U Chr T 2SR S 438 (Independent
Component Analysis; ICA) WEHTHD Z L3515
NCTHY, FIREFHOMSIEE LT 5 X917
BT 4B BT D LB LS (1), UL,
ICA TIFBIE ZE N EIRE LY bWk ER
BEA D Z EIXTET, ZOHAIMELIY B EH
IRV ER LI TH D,

B R g L LIz PE BSS T, &/ OFEHEE
Wy DANR—=2AMEFNH LT 7 —F RN G%)
ThdIEBMBNTND [2-9], HBFRDA/N =AM
LiE, BERESORFMEEER D 23E & A & DFFH
JERBRIZBNTRIZ 0 LR 2METH D, 2Dtk
BICEY, HEOGEFENFRRICHEGHEI NIRRT,

B OB R A R o S BT IE & A B
RV EDRVWERETE DLERE N, LoT, Fx
TV ONFRPARIE DOV 2 FH» D & LT
MEEER T EDOFRP b ESE S LW EH#HEE T
XL, BRIDOEEE SO 4 @ih X1 5 W E i
B~ AT RETTDHZ L THEMER 2502 N T
x5,

PLEDE RO A=A EBIRNE 5 DET /VIZH
AT T DI, BUANE B DE 7 /L % e ] JE 3 5 e
WCeENET HMENRS D, BHE, K~vA 7074
OBPNE ZI1LEFWUE & OREEN %2 5 T B A B IR
ATEREINDD, BEFRNPO~YA 7074 ETOAL Y
PNV ATSERATH L THa IR WRFHE R 2 & D RE[H]

B R WD &, BIARRES & TP B
FHREATERTZENTE D, ZOBREEET VIC
H3< BSS (3EHEER BSS & MEEn, REffER O
BSS iZxt L THEEO DN T LI Y XL EFEBLT
XA EHR, BEOANSN— AV LA D 7 B
BR®L—FHT, BRI LICHBEL G52 EIR
TEZIN— T T HNR— a7 g VES LI
SHEE R D BN B 5.

AW O BHE, FERISBE L HAIcd R
ALiE 2B U 7e s G OIS &R A 1T 2 5 Fik%x
FRT DL ThD, FxITLIEL, BIRBDRIT M 2 B
BAEOWAEEL E W/, ZOIRGET ML ZHIR
DATT VT XY MvERET VL, BIIGES
DERTET MITHLAGATe Z & T/T A — X s % il
L CN—2 a7 — v a VS LA Sk BSS %[
REAT D 7 e —F 22 Lz [8] (723, 1ZIX[FEKF
HIZKRELICE > THHL LT e —F R RES
NTND [9]), ARETIXZNAEILEL, FFMZELT 5
BFHEDATT ) 7Ry h Lk, Bl S =&
FEARIE L T DR ~/v 2751 (Hidden Markov
Model; HMM) (2 £ Y fg=2e7 (b L, BUIHE S 04%
BT T VAR I AR, NT A —HHfERRE iR L TR —
RaT7—va G, BREEROBBRT B, JE
Wetrlk BSS # [FIRFICAT 9 FIEARET D,

2 #EETIL

I EOERENCERT 5552 M EHo~A 7 nm
Tx TR 558 5E X, mEEDO~YA /0T
OB S B AE B O R ER A Y & Y (Wi, t1)
i & H OV 5 ORERMJE WAL & si(wk, t) &
Ly y(wi,tt) = (Wa(wrote), - yar(wi, 0))T € CY,
s(wi, 1) = (s1(wr, @) -, yr(we, 0)) T € C &3 2,
72720, 1<k<K,1<I1<LIXRMEREEER
B TENENEREERS L ORISR T 514 T v
JATh D, Sl R R R B0
THEUNE 7 y(wg, &) FEEIHIC

1

Y(wr, 1) = Zai(wk)si(wk7tl) + n(wk, )
i=1

(1)

DX I s1,...,51 DBRFFRERADETET ZLNT
5, ZTIT, ai(wg) FEWR i ODRT TV T (F
M) X7 haRL, ZNEWEARTZITH A(w,) =

*Underdetermined blind separation of moving sound sources based on DOA-HMM. by HIGUCHI Takuya,
TAKAMUNE Norihiro, NAKAMURA Tomohiko, KAMEOKA Hirokazu (Graduate School of Information

Science and Technology, The University of Tokyo)
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HAE

JER 22

(@1(wp), .- ar(w)) € cMXI%%LAﬁﬁM:ws;
n(w, )iﬂﬂﬁﬁ%7v LE# B2 DR

CChD, TROANR—AERREL, %ﬁﬁﬂ&ﬁ
(Wi, ) IZBWCT 77 4 7 THLERDOA T

g 2% gy e {1, I} LRTE, R (1) &

Y(w, 1) = az,, (Wi)s(wr, t) + n(we, 1) (2)

DEHCEXHEED, ZOBMETLBWTIE, %
ﬁ%m&ﬁm_kwfaﬂﬁawﬁﬁu%®m%m
FTRCO ERESNIZZ LD, (6o THEKRIA
B CERR D & KT EHL 2 OB THATHY,
ZD7H ERTE si(wp, t) DA VT v 7 2§ BEND
TW5b, T72bbH s(wy, t) L& REFEEE IR
TT 7T 47T NN OFIROR Sy = RTEH L
2%, UBMREIOAR—=ZADHEHKIDTD, wy &4 %
THRERZF k|l CRLTHZ LT 5,

3 EBETIL

3.1 HAESOERTOER

BRETVES LI, BHEFRERSIND T 1
A EBERET LY ERT S,

EP, MRS ney 2%, PN 0, 43 n)
DBEFIERDAIZWED ERETDHE, L anr, =
{a1 e, arg} s BED 2z BEEATHNIL, K
(2) £V yp, X

Yi,i| @11 k05 Sk 2yt ~ Ne(@zy ke Sk E,(Cn)) (3)

X VAERSND, 22T, 23, Z BB O EASL &
R, yi, ORERSAITIREGIER A & 72D [6,7]0
R DIE, ZOMERET VIS E, Expectation-
Maximization (EM) 7 /L= U X AIZ KV Fe bk JE
Wt~ A7 BHET DT T —F HIRELTND [6],

3.2 E& DOA EFIL [8]
AEHCTHEETHFRMENEEOEEEE 2, KH
THENMBEHT 25842525, ZNE TEFRO
IRIEFERBRE @i, 2L VT v 7 Ak TEIZ
ML B THDLI PO LW TR, b LEE
TN — M0 O & LRIk 5 L RETE
L51E, BlziE~A 7 a7 5 5082 OBE, IniE
JE BRI @, 5 1, ZDRJT1A) (Direction-of-Arrival;
DOA)O D% & LT

h(0.) = [1/] @

LLTHICEREND, 72720, 0<0 <21, BEZ~A
7B72“V0>F'35%( ), CZE®E (m/s) &35, FEBE

TUFFIERC IR ] JE M B B O B R A (Pl e £ X
D a; i [T EFEOHGRANLHENT D Z LRTHSH

S SR

_24_

Do £IT, B OERRITW 0; BEEMOD L X, a;
X h(0;,wy) B & LT ERIER DA L0 AR E N
DERET D Ly LSRR HEDBRAT I 0; 1XFERE

IFBRAT D Z N TERVWED, TREBELK
Ripd 22T DL, aix DEMET VIZDOA 2
HEERE LIZRAEET IV E D, Tk 3.1 8i0ER
BT MR I, ERRET NVRIED/RT A —ZHfE
MEITO 2, N aT—va VS, KFERO
DOA #7E, AW & ORI BEA Wiz T 5 =

LY T 5 (8],

FP, Y, 0p(TRTER) 2267422 D D
DOA BEHiOEEGEHET 5, HIZIE 180 4 D %
Uil 0y = (d—1)7/D,(d = 1,...,D) DHES
BEZD, FEIO DOA 78 Z 0 DOA FAHED
DIREIND ERET D E, BIR ¢ ORI 6; 23
RSN D 7RI O L ISR TE S,

ci|pi ~ Categorical(ci; pi) ()

L,y = (W, yp)s dog¥a = 1 &F5
L, Categorical(z;y) < y, Thd, £72, p; =
(pig,---spip) THD, ¢, € {1,....,D} 1T i FHD
BRI E O DOA FEMMENEID M CTondhERT
AT —2EHTHY, ERITTNDBERA (%
WERAEDS piy. .. pip) MOERSND Z L EHEKRL
TWD, 207 rk T8 KEHRD DOA MRE S
U, ACEEBEEERHE a; 5 1%

aiklei ~ Ne(ai h(De,wi), ) (7)
X AEkEns,

3.3 DOA-HMM
BEDBENT 256, AT EICAT TV X
&%wﬁWMLTLiokw BEhFREW 2 D &
T D7D a ) ZREE LITRET 54K a; g,
&yﬁﬁéMﬁﬂ%éo_®k%,fQﬂi

Ykl = Qz, k1Sk,l + Tkl (8)

LEXEYS,

T, 32fioaRREE LT, £50HO DOA
AT v T R e BWEL LIRAFT DB ¢y \ZHEIR
L, ¢it,...,cp ZRAERSNE LI HMM (2L D 27
TV TRT VRS @i pa, ... QgL BHERET IV
b5 aE25, Z0LE, FiHi ORZ IR
75 DOAG;; DAER T 7 AT,

cii|eii—1 ~ Categorical(ci 15 pe, ;) (9)
i1 = e, (10)
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LRED, pa = (pa,---,pap) [TIREE d 2> HAREE
L...,D~DEBHELRL, pgqo ZEFRETDHDx
D113 p = (paa)pxp ZEBITHNE VD, FEEEOK

BIRIE, WK ORI K & < BRI\ 228
25 AREMEITR W E B Z 5N DT, BT HIk0E
~OEBMERZ BOICHETHITR,

PEDODRT TV TR NVRIIOWRET V%
3.1 HiDET IV (DRFERR) ([CHAPATA, BIED/NT
A— 2 fedm (k) 2l L C8— 27— a VS,
BEIFIROIBAE, JHPE 2 & OB BE % RIS T
BIEWIOPREFIEOHERITH D,

4 ERHERTILIIVXL
Eﬁ{»ﬁMg% Y = Y1:K,1:L 75)5*%_ Eﬂfi%) &T‘, D\

stux1:L, L = Zikan, C = g1 OFLRIM
p(A, 8, Z,C|Y) R\, Z OF% 4 % T
2185 Z L IXEE LW, Aok S el
Fize KERIRIC I VRS Z LR TE D, LFTIE, p,
sl sl I EBRICED DR ET S,
BRI E %04 p(A, S, Z,C|Y) &,

/~-~/q(A,S7Z,C)dA---dC:1 (11)
Al 7e T HADERE ¢(A,S,Z,C) LD D
Kullback-Leibler #Z A /X—3 = > A

MAEJLQY»
Flq] = <log
[ ] q(Aa S7 ZaC) q(A,S,Z,C)

g CBLCRAMET 52 LB E 2D, 72T L
(F(@)) gy 12 [ a2) f(x)dx 223, i, Flg) i3p =
qDEXHRNEIRDN, gL T

(12)

q(A,8,Z,C) =q(A)q(S)q(Z)q(C) (13)

LD RN T AREZ, Flg % q(A), ¢(S),
4(Z), q(C) IZPWTKAILEMET 2 AT v T %0
W2 &T, N7 T ADHTp(A, S, Z,C|Y)
b BERT 200 &89 L) oL HE
IMEDEARN IR EZ T Th D,
HIHTEMT 55, X (12) 2K (11) OWEO T T
B/MET D% ¢ lIITRIIZLL T DB & L TR E 5,

4(A) = HJ\[C(ai,k,l;mz‘,k,uri,k,l) (14)
ikl
q(8) = [ [ Ne(snas s ox.) (15)

ol
i(Z) =[] a(zr0), a0 = 1) = bk (16)
ol

7ad, LEOTHINE (8] LA THL, EE5
NI G(A) 12 > T A DRIFHE %35 L p %1
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FEfE [s]

Fig. 1 f2REENERIEICBIT 2BHEIR A 257
% SIR ORfEZ AL

W TC Forward-Backward 7/ 23U AL Z{TH Z & T
§(C) Bk D = LR TE B,

Y bEOESHGRT VT U XA K-> THEE ST
Sk DOWEIE pgey \CHERME gy ZR LD ET, H
i OHEEEFEEL 2 LN TE D,

5 BEBHEROSHRER

REIEOHIEZRTT20, BEEIRICR L CFR
Sy Bk & Bk T A HEEYERE DO RRGE AT > 7o, BEIEIR &
LTBEERT — % ~— 2 [9] O BUFEE OB FE =
2o% (BEVEIR A, B), MEERE L TERT—4
=2 [10] DLHEFEH OFFIFRICENA 2 UL R
INERBHRABMA LT b D 122, bz
ANLENTIRA Lo b D BINE 5 & LTz, FRERFHIT
Oms THD, BEEHREZZEZDZ LT, 100 DR
BEFT =2ty MR L, EBRUT, AR
%16 kHz & Uiz, MR 7 — U =254 (7 L— 2
FlX64ms, 7L—ALT7 MI16ms) IC LV EHL
oo S L v gEnER L, 109 T 2 LT, %
TAEOSERIT M =180 & L=, 4 EORET IV
Y ALDFATHR, BT OHEEME e 18, BIR
i BB ER CENTE T T 7T 4 7 H Lnhe sk
TR by gon 2T U2 b D%, T i OHEEIER
By & Ule, BIRSBEMERE DRl NE L LT, U
(17)~(19) IZ X v EH =415 Signal-to-Interference-
Ratio (SIR) [12] Z M\ 7=, SIR OFFEIZIE, 35D
BHEOYH—FHOESOEENMETI583.1s F
THEHHWE,

SIR;[I] = OutputSIR,[I] — InputSIR,[{] (17)
Z 84kl
OutputSIR,[l] = 10log;, Z’CZA[dB} (18)
St kel
i#i k

DD sk
InputSIR;[l] = 10log;) —=———[dB]  (19)
Si k1l

2.

Ak

7LC7LC L §i,k,n | %{JE ) OD*EE{%% Qf)i,k,n,uk’n L:/él\i
NOEW i DIEFET T D,
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B3
157 Mgk

0*5?.’]:5‘
Fig. 2 #RFELHERIEIC
e

RA BEERB BEEFTR

BIFHER T LD SIR D

F A REL DB A B O HEEEL
B A FE DREFRAT N B B RFAIT
DFENAEZ T,

E HICHFIROBE 2 0E L2 WRERIEDS, BlhisiR

I LT BUOBEMERE R b 7270 T & AR H
@%&%ﬁwfﬂﬁ®aﬁ THEFEBR 21T o 725
FER CRBIEOR R A LT,

Fig. 1 ITHRBIELWERIEICL D, 1 DDO4EEERIC
B 2BEEI A O SIR ORHZ b ZRT, fEkiE

T, BIRDBEN S E<LATATE LT, SIRBEL O
FEZC 0 IZHEVMETH % (input & output T SIR A3
BEI N TORD) DK LT, BEETIEZ L OFF
T SIR PUFEINTNWDON R TEN S, Fig. 212
EHRZEIZT—% &y b EREITEE % L 572 SIR
Oz R~T, 3 DOFFRT R TUITBWT, (ERIETIE
SIR 2ME < BEIRSTHENFT 2 TR0 DICH LT, 2%
ETIESIR 28 10 dB 705 17 dB #2E DOfE 275 L Tu
HONRbND, 3 OOFPWITET S SIR OF-H)ENE
PEHRIET 1.91 dB, $#241ET12.31dB Thotz,

WIZ, 1 DO5EEFERIZ T 2 Bk A B HEE OREF
% Fig. 31T 7, FEEOBPRAKE LT, 1sfhl
DD EREI L OEPRAENELR Y, OFEROK TS
% 3sfHEE T, BBODRIELIfEESN TS Z
EWIND . DK 1 s O TR [AHEE DR
MEL 7RV DIE, ERET MTHAAZNT, BldA
FERRUZEL LIS W EWIMREICE Y, FTFRDA-
TV WL T DT — 2 2% L CTHEE S vz
BISRAFE DB DT < X DSBS BB HE T
ENTLEINDLThHDEBExOND, BEGIROHE
ERPE NS T ANDS>TWDHDIE, FEAER R AT T
Vo TRy MVEEBOART TV 7 X7 "Ll d

NG K DHEERRZETH D ATREM 2T T2 <, 1]
®7—&A—X¢mﬁ®74&u7jy®ﬁgﬁ%
ThHAREM L E X DD,

i, HEE SN
2B W TR b e R

6 HhHYIC

AKfaTlE, HBEIABEIT S Z L TREBREILL
TEOHAICBNTHRE L TEES S BSS 7=

LR
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3r - - - BHERA(RE

- = BEEEB (EfE)

- EEERE (EE
— BEEEAGEED
— BEHEEB (T
= —— ERERGEED

EkAE [rad]

Fig. 3 & FRICI T 2Bk A O Bl & #eE i
ALOFEREHIR LT, &5 ORRHJER RS 0 A
sR—= ZPEIZ D < JE A EIR D B R E BSS €7 L&
Y RENTELR L, FEOBENZ, BERL L= Rk
E%%%k?é%ﬂvw:7%7wkbfﬁﬁb,@
WERFREIZ B W TEIROBIRA E N K & < BT D
FIIPENE W REZEBME L L TBIIE SO
R T VIR A TR, A DOA ET /L EAAD
5 ET, HROREEJERET L, ﬁ%i&@ﬁ~
SaTF—vavBAERIBHICERLE, Zhick

W 28409~ 2 Bk A B O HEE & B IRy BlE A — *_ﬁ
2D EN, BEBEEO LRI TH S,
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