JAIST Repository

https://dspace.jaist.ac.jp/

Title B — N % FH\ 72 25 53 e D SR A
Author(s) I8, Fath

Citation

Issue Date 2024-06

Type Thesis or Dissertation

Text version

author

URL http://hdl.handle.net/10119/19081
Rights

i Supervisor: A #i58, Jed B A BARFSER], B (R
Description

Fi%)

AIST

JAPAN
ADVANCED INSTITUTE OF
SCIENCE AND TECHNOLOGY

Japan Advanced Institute of Science and Technology



BIRYE — Nz 7= B R0 B BRI AR

HE

EEEHE B

LR R A
SESR TR
(R

SM64E6 H



Abstract

A single source usually produces a single sound. Based on this assumption,
it is possible to separate sources by separating individual sounds from a signal
waveform in which multiple sounds are mixed. This processing technology is called
source separation. It is important to study methods to improve source separation
performance and to enable separation under conditions that have been difficult to
achieve in the past, because these methods can improve the performance of other
acoustic signal processing applications, such as speech recognition. In this study,
we focus on the separation of two sound sources. Therefore, we study techniques
for separating individual acoustic signals from a mixture of two different acoustic
signals.

The source separation strategy depends on the number of sources and the num-
ber of channels in the recorded sound. If the number of sources exceeds the number
of channels, it is relatively easy to perform source separation. However, separa-
tion becomes more difficult if the number of sources is greater than the number
of channels. Attempting source separation on a monaural sound is always difficult
because the number of channels is always less than the number of sources. How-
ever, the monaural source separation method can be implemented with a single
microphone, which provides a much greater degree of freedom in implementing the
methods in real-world environments. Moreover, it is possible to extend the separa-
tion model that works on monaural sounds to multichannel sounds, or to integrate
it with existing multichannel separation methods. Because of these potential ap-
plications, the study of source separation methods for monaural sounds is a very
important topic because of its significant contribution to the overall sound source
separation technology.

The separation of non-stationary signals is a long-standing problem in source
separation of monaural signals. Research is still ongoing to solve this problem.
Currently, the latest methods are based on Deep Neural Network (DNN), but
these methods are limited by the large amount of training data required. On the
other hand, the source separation method based on Principal Component Analysis
(PCA) does not require any training. Therefore, PCA can be applied even in
situations where sufficient training data is not available, making it an effective
method in this regard. However, by its nature, PCA cannot capture local temporal
changes in the amplitude and frequency of signals. Therefore, it is not suitable
for analyzing non-stationary signals with such local changes. This is expected
to hurt the source separation of non-stationary signals. Since the separation of
non-stationary signals is an issue in the source separation of monaural signals,
it is desirable to process sounds with a method suitable for the analysis of non-
stationary signals.



This study focuses on a method called Dynamic Mode Decomposition (DMD),
which, like PCA, decomposes signals into orthogonal components in a data-driven
manner. In addition, DMD has a feature not found in PCA: the time evolution
of the decomposed components can be observed as a parameter. This feature
makes it possible to capture local changes in the amplitude and frequency of the
sound. DMD has been used to analyze non-stationary signals in various research
fields and has been applied in the field of acoustics. Therefore, it is expected
that DMD can be effectively used in source separation tasks. The purpose of this
study is to investigate the feasibility of source separation using DMD in the task of
extracting only the target sound from a monaural sound. To this end, this study
investigated how sounds are analyzed by DMD. Based on the results, this study
designed a method of source separation using DMD and evaluated its separation
performance.

The relationship between DMD and sounds was investigated, and the following
three results were found: (1) The signal to be analyzed is represented by DMD
as a linear sum of modes with unique frequencies and attenuation rates; (2) The
distribution of time evolution features obtained by DMD analysis is significantly
different between acoustic signals and noise; and (3) When a noise mixed signal is
mode-decomposed by DMD, the distribution of time evolution features is divided
into two groups, and it is possible to separate the sound by extracting only one of
the groups. Based on the above findings, this study designed a source separation
method using DMD by the following steps: (1) Mode decomposition and extraction
of features related to the time evolution of the sounds/noise mixture by DMD; (2)
Grouping the features estimated to correspond to the acoustic signal by focusing
on the distribution of the features; (3) Synthesize the signal using only the modes
associated with the features of grouping.

To investigate the feasibility of the DMD source separation method, DMD and
PCA source separation methods were compared using computer simulations to
compare the performance. As a result, the DMD source separation method showed
higher performance than the PCA source separation method, indicating that DMD
has good potential to be applied to source separation. However, it was also found
that the low signal-to-noise ratio (SNR) of the noise mixture sounds distorts the
features.

If this distortion of the features can be compensated, the performance of the
DMD source separation method can be further improved. Therefore, it is neces-
sary to investigate the relationship between noise level and the features distortion
in the future. In addition, although this simulation investigated the separation
of non-stationary artificial sound from stationary noise, it is necessary to fur-
ther investigate whether this separation can also be performed for non-stationary



noise. For this purpose, it is necessary to investigate the relationship between
non-stationary noise and DMD in the future.
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BT enBIToN3.

CHOLEERHRT 2 W EADHT, ALk MNIFTEDEFEDOAIZIFEHL T
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%, MESCERTZ2ZeNTES. HlziX, 2EET5 e 232 EHFED
A2 —aYZERTEZIeNTES. £/, BHRYEERRAERZ L
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DEN-REN ZFEMK ETEER T 2 3L, AR 11D X512, ERED
LEHME T2 52 E50AEMMIL TS 22, CWHOTHAZEET S Z
LI D. 2O XD BAEHAIERESH M S [3)[4]. BIERSBESEBT 5 Z
T, AtEMETHRET 24 R EEGEBNEEZ XD GRBEICT 2N TE S,
Bl 20X, FraxDFEE LB H ONAE T 5HEM L TRk 3 % £l % 5 a8k & A
D, THERFERT IR, HESERMIC L - TGRS o SELUNORELE %
WO 22T, RBOKELZEDZ N TES [3]. X561, FTRSHERMD
HREEEDTZD, TERTIXEE L 2o 7250 FTHREZ ATREIC T 2 FIED K I
X, BRBRME Vo ZDMMOBFEESUH Y 7Y r—>a Yoz XD &
DB BAREE L EZLND.
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1 ODFEFE»HIX, BE1OOBFNIREELTWSE., ZOZe®RRNELEE, &
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HNOBZEEE 20T 3 72D DEMICOWTIHIZEZ{TS.

BRTHEZIT 5 72D OFNE, HMET 2 HHRBEIERL - HFEESDF v 2L
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RIS Z L B S TH 5. L LEREDF v 2B EDBE, 7
BEDHMESEIXE L 25 [3]. 2512, HHEROZEMNEMEFEREZMH ST 25, KA
YL CHEERA LD, EWSBESH D, —IRICHTIED D, MEFHRD M
AT AGBIEIRBERVWERESEELITO 23T E 50, WICSKEIr NS
SEonBtRRdFTE Vv, BREOHEMNIE, FCT 74 ¥ FEFRDEE L FEE
3 [5][6]. ZAUIHMAEES X E WD, BIAWEE R TOEANFTE 3.

— /T, B—F v 2 VES, HIbE/ IUESENRICLE=FIRTHED A
Wge - BB XN TW3. £/ INVESLETEHEEDHEZRASZ Z 21X, WITHRE
FEE D F v FVEBDD RV TORERETH D, DO EIXEL 5.
T/, BEF ¥ FVESODEEREMO X 512, HEOZEMIERE WS Z i
TERWED, BHEIES DA AT L TR ESEHROESZHET 0L
WO ZEDEHEEERS (7. ThHOHEEADPS, £/ FWUESTOGERTHEIEAM
MEEREIZEWE S 23D, A 270 ky—20bNIEEHTEX 270, fHlligsy
Wo T/ NIFNA ZNDREE R CERIEADOEAD HHEIIMERICE SRS LWV
IRV " BHB. 2D L, £ IMWMELTEEST 20T VEEET v 2L
BEERICHEELEYD, BEFEOEHT v XVESOZ R Maxgs L
HAEETH 5. o6 DICHAIEENED & HIR TN AN EIE IXE <, JF
WICHERNAT -~ ER5.

T IMsEOERDHZITS LT, BERCIEERESE S LOTEENHEL <
(7], REOHETH 2. INEMRT 2720, EEFELRERMES 2B L THEE
TEZHES], IEEHEESDDHNIHE L T0 2 FEZICH T 28K [9][10][11], &
J§*#E (DNN) ZHWT, KRED¥E T —XMroEH L Wo IEEHEE DI
ETNERFEIEZHE1213)[14] Y, ZORELRIRT 2T 57-DICHED
MRPED SN TVWD. BTE, RFTOFMIEZDNN RXR—ZADFIETH %0, K&
DT =X BRETH 2 W 8D 5. 24U, ERST5HT (PCA)
W EIRDBEES [4)[15][16] 1%, £ 5 LEEEPARED®, 8T —X0+5
WHETERWEISRKN THHEHATEZ L WO S TIEFICENITHS. LarL
PCA X ZDME L, HEESI S ORECEBBORFTNZRRZL IR Z 5
EMTERV., 2D, 25 LR ARRHZELIEZ DR2IEEHEESD
SN X 2. Ko T, IEEFEEBSOERTEICB W TEEEL»D 552



eTHEENG. IFEFEEEL S LOTHIFEL SR T0E L VW ERND S
HCE, IEERBEOAIICEH L FETHEES 2T 2 eAEEL VL
5Z5%.

AL TIEIEEFEEDOINCE L, X 5 IWEFEDBRIEMIEH T & 2 nhEt%
bOFEE LT, BE— RO (DMD) W5 FEICEHT 5 [17)[18][19][20].
DMD IRt O3B CRESINTFIETDH % [18]. LA TIKRENTCLX, BEHER
AT — 2 oHp 6 PCA Z W TEEREEZ M T 2 L WS ARV S
NTE. oL, PCARBREFIRRBZELZIRZ 2 Z eI TERVE WS [HE
DY, DMDRZZORZZ V7T 5FEE LTRE-HELLEERYDH 5 [17][19).
DMD (& PCA &R UK, 17817 — X 2 REMINI T DS 2 T TFETD 5.
L22L, DMD & PCA TR 2 DX, 9D DIREELCIRENEL & W\ o 7R 5
JBICBE T 29 XA—=R%EF->T0WbZ 2 TH3 [20. ZORHZ, EEOMED
Ri &% & & 203 2 IEEHBEOINSHECHTH D, IEEEEEOOMICHE
Mz eZ 2605, DMD X, AN OTEICRS S, MRkl 21], SRl
[22], MYGULEE [23], J&7%: [24], R EZBHEERLTTFICBWTHHEA TV S, 5
TEIZBOWTIE, WS DY —XRT7 ML L DMD Z#H L, BEEHRA
T AT [25], BOFAEIT X 22K DHBEZ S ENCBINIS 2 T28E ) 12
XL DMD Z@EH S % 2 & T/ A AREEToM5803D % 26]. ZDfth, S
BTV, BZERORRYT— &I %2 DMD O HiEZENL, KE
BD L R OMREZ BGEE L 7298055 % [27). DMD &, MHRERISEDE
B BRI [21], BT A0 B T 2RMOHER R Y [22], IEEHBESE D
W3 27 DIk A BRI CTHOWONTELEELD D, FLEETTFICBY
ZICHBD DB rs, ERABEX A7 IZBOTHIEHPHRFTE .

1.3 HH3EEm
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MRELZERDZIEME, TD2DZ0 T THEZRR 3.

2.1.1 #BEFvryILESOETRDEH

BETF v INEBEWRE LTERTHEHEICOWT, T EREEO T THWL
LDNTER =27+ —I VRN 2R LB RTBHEDNEITRELL 4]. 2
AN~ A 7 a Ry 2 e LRZERICANY KRR T 4 VR 2B L, FE
HEPSERT 2 H5EEEE2MET 2 e CREEREZ DT 230 ThH 5. &K
LR MOEFETIDEETEE — L7 + —< EMENZHMT, ~4 70k
S LUREDAEN SEPRT 25525 21BIEMEY — 4 7 + — <%, HIRED
AENSEPRT 2EE52ZTIRWIEAZEK T 2 Z e CTHNEODEERTS
INVE =L T 4 —=PEHTH S 4. TUSEFEL —L 7+ —<OFEHfE, EH
THELEMPEL 72D, A4 70k OWRENRL 72D 5 5 & BRI E
T2780, COEPEREOFIRITH . 20K, V4—F—T 4 NLRELY— A
74 —=IVIWCHLHEIGE — L7 a —<DBHE LK 4. ZhE, 427k
U5 OBIIES EH WS Z e TRER RN LERT 2 BFEES O EL K
IMET 2 XD RZER 7 4 VA EERT 2D TH 5. ZEHEIERIZBHES D
WS 2T, EHAT 2 EEMPO~A 7 vhR Yy DEMIIIE L THEHBN R 7 1L
REERTZ2eNTE, BEL—LT7+—<DHEZ2 7Y 7 LIE2bDTH 3.

INHE—A T+ — 3V IHERWEESBEIIRET O A AT T
WABBDTHBH, WTFhd, w4 70k LHNEERE 2265k L T
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FTHELDITHEBHRINTVWAIES, A4 70k F 3 E5EMBNIZNLLES /-
B, ZOWEWHEATAEEELD . ZHIIHRL, v~/ Z7a Rk NiBRH
JEALE 2 W ICHE R EEZ 1T 5 Bl ORI EA, ZNBIFFHCT 74 Y RE
FEEL TN [6]. ZDERE R-7=DIX, 1990 FERICIRRE SN HNL KD 77
fr (ICA) TH 2 [28][5][6]. Uk, BRL2EHED»OFRELLEFEESIEA VI
VTH2EWVWHREZEL 22T, RLEREAREEZF v VN % i
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FEIZBVWTHMALED LN TV S.

2.1.2 T/ IIWVESODEFRDH

T IIUEBOERDHEE A 7 a R D 1 o LB RIE 2 oD R
2570, HICHPEDMERETH D, BETF ¥ 2 UEEOETRITHEX D Hiifi
HEEZEIZE WL EZA 5. %, £/ INVESOFHRIEETIX, EEF v 2 E
ETOEFETHICBIZ L —L7 4 —3I V7D & 5 ICEFROZERIERE V3
ZEWRTERVED, BHEEOAL SN L TREERE DBEET 27001
WMEEARZ D, WO ZEDREHETHD. FLOFEET TR LT, R
RNV T T2 aVERERTH S [31]). THIEHAES» OMEEZED AR
M S DHETHE L (HEDFEAE L TORWREFE OEE5EHRE HWv
57%8), TNEBHEEDOARZ PAILBHETZ2L0VWIDDTHS. ZHuE
HMEZRHT 2 7 4 VEADBEAEO—FiEL D FR, RULHEMEY 4 L&
EERTD2FETHEV 4 —F =T 4 VR [32] R, WLV T7 4R [33] D, &
EREED =D DFEAT e L OURHINTE . 25 LIMENE Y + VXHEEIT K
3 BIEDHEEMICBOT, IELENTICE ST LE o RMERDNEI 2 - D
NI ARXEMIN, AP TIREZHESTETH L2 0MERINTVS [3]. £/,
HMEPIEEETHI L, HEOWEI R AL 4 20T 5720, ZAUTEBHETE
% X5 RMEHEENIRLE Sh, IBRIhTEL 8.

D%, 1990 FEMRICAD, NWHarva—2oMEERsHEL-28 T, XK
B RBGETEZ AW EEIMPRE RoTz. ZHUT k- T, BEEZEHD
BERDICORST 28 THlh - TRERT S FEPRBEEI NS Lok, R
RKINTIZ PCA OFIHADD D [15], AR DV TIERETTHIAT 2. MIIRERM
T— F5fE (EMD) W5 FEZFAT 2 0HEE SRR S N7 [9][10][11]. #EER
[FE— R ORIEIEEHESOAINHELTED 9], ZOMEEZIEEHESTHS
B OMHPHEERBIRILTEOILALDdDTHS. HaYE2—2DMhRE
HEELEZ LD, &5 —ofdiEifist Ehns. ZREIFEETHIRT 72
g (NMF) OF|FH T 3 [34][35][36]. NMF [ XE{GIULIESE CE N HMiTH
b, ThzBRIEEDIRIEARS bar o ZZEHT 2B TE/ FAHEETHEIC
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A SN [37. NMF X, 1 20IFEHEITIIZ X DIRKITR 2 D DIEAETTHIAN
DRT DL VWSIFETHS. THERIEARZ buZo 2HEHAT 2 2, HEREHE
ARYT MIVDARR—2 b ZDORFENRFEERA IV TORINCHETE S, Zh
Wk, BEZREDARY bARR—DETIMMEDBATREL 12 5. I THEH IR
FYIDTAETNE LTREMTE S Z 05, Hild 533 8— b 20k
L7zh, MEEDEET 25 e U TRACHWSNTE 2 [36]. NMF (ZIEAMHETT
2> 1=, ARBZEZRITHTH B AR bar T MIEENIMMHERZ
HAINZHZ W, ZhZ@RS 2700, HEAXRZ a5 0 2/A2E5ET
NZHRR U72EBHE NMEF DMER SN B2 [38], AXZ Mur T AOMAEERZ AN
MU TS 2223 NMF OFREE XhTWb. 28, #EF v 2V ESOHMTH
20, EiRD IVA A G DR -HOK S > 2747598 (ILRMA) 2\ 5 FiEN
REIND7 L [39], NMFIZEETHMFEL OMEIRERI BT TV5S.

%, WHarYa—X0itEHEIZR4M EL, 25124 Y X —3v DR
FIERICE o TR T —XADT7 72 R BRGIhol=Z e b, KR
SHERER REOFE T — X 28T 5% E¥E (DNN) OFH N N— FALBET
L7z, 2O 2010 FERICE , IAERTBECORINZ. 7 e —F & LTI,
ARZ v a7 L AN LT, FEDERDAZMH T 2 70 DR~ A
7 %8I 2TEDOMIEDEA [14], ZD TV A 7 Z—¥ L THHAKRDD Deep
Clustering £ WS FETH 5 [12]. THLE, €/ FAFRDTBEDOHIZETIX DNN
N—2ZDFFREN TR Ko TV o Tz, ZFDK, ARZ v o s ANRDEE
ETFTNEREAB L LoD, KB EEZDHDNL0MD D DRHERE2E T2
Time-domain Audio Separation Network (TasNet) 2MEZ X4 [13], UREIZIHIY
AJELD DNN R— 2 ERDBEFIE D AT Uz, BE, HIRSBEEM OMEREZ 55
> RT 4> a v LT Deep Noise Suppression Challenge (DNS Challenge) 73
BHTT [40], Z0HHET 55ED DNNOHWSh S Z e Rt LTHEHT—
R TAMNT—ZPRHEINTVWE., ZOZehbd, £ IAFEDTEHODE
TIEDNN R—=ZXDFEDLIH N TH L FER 5.

2.2 BEDBESMHIIEZ S5RE

MR T2 E R BERRICOWT, R21WCERINCE e D= o EFES
BERMi A2 BT T, BER2EOEFROTHEE Wo IEEHEE LY S LOHEk
DL XHHEL LTH 3B [7). £/ FIVEBOFESHOTFHICBEVTIE, AR
I INYT I a B Vo MEINE T A VROFRICIHRED, BHE L ER
HE ORI BVWTIEFERALNLVOMREDRDH L. L L, HEDIEEROHE
L, HHEEYS LOTEHIZEAAHE Lo o72. NMF OEA XD, KIF L #E
DREEIAREIC I 572 DD, FIRE T ONNT5E D THEEHIMIR Y U CHE
TH5. LFEIEDNN ZHWTREDHEE T —22HWb 2T, ZoOHEICLS
MBI LTE2HRATHS. ZOFREISESTIMEMND 70121, EE
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<A 7R EHVWABY—LA T4 —I VI BHAVRIE B —DODFTH S, E—
L7 =3IV BVTREEROEERMNBICL > TEHEEZ DT 5720, HEES
WDEEDPIEEEMXZDZ O RERMEILRLRNNPLTHS. LrL, E—A4
T3 =3IV NZEBEADTDDHIINRKENFMTH S, ZNERT 5 72DITH
BLEOBICAZGDETE 774 RERDEEEINTH 7. idwz, ICA
WKBWTRESES LOMVHEZFHIT 2 e, IEEEESYS LTIEZD
MNMEDIRED S ELMD TR VWEEDZ V. 2D k512, IFEFERFESDTHE
Wi TH DK 372012, SHE T, REFESHOMAEIHIFohTn3.

R 2.1: EH R BESN OB

EA H T INMEEENGR \@ﬁ?&%wﬁ%%ﬂ%
1940 FF~1990 4F | ARZ MY T v T 7> a vk | BEMNEY—L7 +—<
V4 —=F =T 4K XNVE—LT —<
I T 4R BIEE — A7 4+ —<
1990 ££~2000 4 PCA (F5Z=/ik) PCA (MUSIC %)
EMD ICA
FDICA
2000 4£~2010 4 NMF IVA
HE NMF
2010 4ELLRF Deep Clustering ILRMA
TasNet
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2.3 ENDDhzRBVWICERDEEE

AFEDOHIIE, DMD ZH W ERTBEOET AR ZMEFIT2 2 THD,
WMEt2ED 27 4 =V RIEE/ IVMESLOEBNE - iEEZORBEr T5. 20tk
T, AW TIE PCA 2RO DLEN R e Lz, BHIX229H%. —DI,
PCADE/ INMEE LOERSEEE LTEBRSHEIATWE 2 THS. S
—2l%, DMD & PCA & THLIT % 2% <, DMD Wiz EHE7EHEL PCA
CHMLU A THREI T2 Z e DARETH L e EZHN, HEBXHSRE LTEL
TWREEZOLNZIETHS. AETIE, PCADEFFEDEEEICOWTIANS,

PCAZHWA Z 2T, AJIZHWIEBERT 2 EMT Z L InfEs 5 Z & H ke
Thb. IhEE/ IMMEEISEH LGS, BRETEESR ORI E FoLIE
IR AN DREINZ ks, ThZ2RHL, ANCEENEET - 72 /E
BRI D ZHET D THRDHDO =D DB 7 4 V2B T 2 Z &3 T
%, ZOFREMUSIC (MUltiple Slgnal Classification) %&FHEN 2 [4][41]. F
7o, BEES LT ONHIRNEEEZ - &, BEEES LT L3RRI
HETH2EZLNS. ZOIREDT, EFICPCAZHEHT 2 Z & TESHD
Zef e HEE TR BRI e YD DI DARETH 5. Z DM AZE W72 B R BEE
IR ZEME Y B RN S [4][15][16]. MUSIC iEd D ZZMED, #EF v 2L
EBEOEFEIHICHIEHATE 2 FIETH 2[4, T/ IVEBENGYL LY
Z2EE D YA E Ephraim & Trees Dff%E [15] TH 5.

BEEE (), NI 2MEE ) 2L, BAEGBE y@t) U TOHX 2.1 TEZ S
nNzr35.

y(t) = z(t) +n(t) (2.1)

DY E, x(t) DHCHETAIE R,, n(t) O HOHETYE R, y(t) DECH
B175% R, ¥ Lz &, IFOR 2.2 0 X 512 H OB TFNCER L T b
N ARYVASR

R,=R.+R, (2.2)
ZIZT, R,, R,DUTOR23D LS CHEBEMENBEINS LT 5.

A, 0
0 0
R, =V (2 1)VT

nov [ v

(2.3)

2L, VBEART P ERQLERZTY, Ayl R, DEHEZ M AETICS
OXAITH, 021X R, DATH 2. ZorE, FENHBE O L WHEE O 1
X =B 2R 2 —77, BNE T 2EERTOT A LF -3 L DK
77 DD ZREENCEFT 2 WS HHEICESSZ T, R, BMUTDOHX 240D X

12



HITRIAT X 3 [16].

R, = [Vp%_p]qu” 8] +aif) NAZ=E (2.4)

722, ViV D125 pslHETOEENS bAZRALATH, V, , 13V O
p5 g HIHETOERERY MV ERQLATIERT. $hbb, R, DEHED
WEHEE ST 2EHERZ MLz 1006 pE#ERT 2 22T, 5 o(t) iISHE
T2 R, DHEDTIREL 72 5.

PCA X, 5 x 6077 —X 0 ORHEMN MG Z BB T - S5 7—&
SREIRDFIETH 5. DNN ZHWEFRIFEE T — 2P Er 72 5—7%, PCAT
HIURHEE T — ZPFHATER VIR THFFEPECIEHAT 28 TE L. 2
DT — XU DTFIETH 5 Z 223, ERTHEICEBIT % PCADBALEZS. L
ML, PCAZEEESD XS RIRRIIGBICHA T 2568, E8(E5D b DR
PRGNS S Z 2T, RN BEERORBEIRA 2 Z e D TERA KD, ZOR
X, BR Vo RIEEHEEE N T 2 LTHETHS. 2D/, PCAILKS
BHFEDHEIANZEE 7L — 2B LT AIHEAT 2 2 L HiE & 72 5 [16].
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E3E

Y E— RS RE

3.1 HIE

AR TIE, IEEFREBEOFIICEHL, XHICHESBCEMIEHTX 205
HEHOFEL LT, DMDICEHT 5. KET, DMD OMEDHAY, HiFD
HEANT BB OFEm % BT 5.

DMD ¥ 1&, ZRITORRINT — X Z IR, Kot/ RO TEHR & R T7 A OTE R
ERBEADLERRDICHRT 2 FHETH S [20). D20k DIREED R T R oLy,
TREINDG XS BEFRINT —XEXRE LIzt &, DMDIZX > T 1ZLLTFD
BRI R THhNS.

P = D g e ik (3.1)

Jj=1
R 3.1 1B 20K ajpjelos it ZAILTE— R IEHT 5. Tibb,
DMD 12 & o THRERIIF — X oy, 2 r D E— FOFEME L THEREHT 22 &
DARETH 5. o IFE— FORE, ¢ 1FE— FORITLHRDEANY L TH 5.
F7c etk 38— FORMFBEEZRIL TED, 0, IFET— FORER, w;1d
E— FOARABEBERT. Z0Do; & w &, Ra XX TR BRI L FEFF T 2.

3.2 TE—RFOEOFRIE
DMD T, WX ERDT — X hp AT DR BRI D LD e IRET 5.
Y1 = Ay, (3.2)

TRTDETAREELTS. D AZBGEIMHFL, BEEETHZ p, BEEX
7 PVERDIATIE @ L Lzt &, o DRZUATORTHELONS.

b = BpFdig, (3.3)

72720, VIRELLETA ER Y. o puk & BEHEET S Z 0, DMD OFE
FtoBEEE 5. 22T, @ DEFRT b, RIBEFERZ P 31D ¢, 12
MBS 5. Tz, ®tpo DIEHEIZ X > THIHHER Y SABNELNED, ZDOHER
DR oy ERIET 5. LT, o5k AT v FHRORFMNZE I pk TR X
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N3z, ZZIWXEHTZ LTy NEORBRBEORME ST X—&
LTHZAZZeDTE S, REAMEp; = diag(p) & LT, FEEFEERHE OXH
oy =eleit@) g5 TW0W5S. LehoT, o, 8w WM TFO XS ICHHINS.

o; = Re [%} , =1Im [AJ (3.4)

7272 L, Rd}@%%ﬂ@%% Mﬂ}d%ﬂﬂ@ﬁ%%ﬁ?.it,Aﬂi&b
DY ILERREE, BB 7Y IREETH 5.

3.3 ZIdUXL

AHIT, DMD I X 2EEDHHMERD 7 NLVIT Y XL ZHHT 2. v 7L
N + 1 ORRINEE 2(t) = {x(ty), z(t1), - ,x(ty)} Z DMD THH T3 & &, X

D & 5 75 ¥ (€ RP*N—-ht1)) % f’lfﬁkﬁ'%
z(to) a(t)) -+ x(tr-n1)
o Jf(tl) I(tQ) .. .. . ZL‘(tT:—IH—Z) (35)
a:(th_l) x(th) o x(tn)

tﬁb,hnghgg®aﬁﬁf,ﬁﬁ%ﬁ%@&i?%nix —XTH%. T
ZT, ¥ EMTOR 3.6 DK 2 D075 o, ¥y (€ R*WV-M) 125313 5. 727 L,
U DIFIHNZ PVE gy = [a(t) (tin) .. x(mh,l)] r £

o - |
’lpo ¢1 e ’(pT—h Qﬁbl ¢2 e ¢T—h+1] (36)
I - |

EFED Wo, Oy DRIZ, LUFOBARDED IO T 5.

‘IIOZ 7‘Il1:

CDARBR32DBDLRLTHS. AZ#HEET S22 T, DMD OHEHET
HHEEMHEEEERZ bLrERDOENL. ADHETEME LTIE, HlziE, ¥oD5E
LEATH Ol ZEEL, A~ 00, ¥ T2 TEONS. LAL, ¥y, U, 13—
RIZIE TN T o 2475 TRLE, LEDNoTADB IS 26T, ADEGH
DREFEHTRE T 223 LY. FO7D, DMDIZBWTIE AD T > 7%
TOHERBL L CEEMEEEAERNY MLERDDZ I E2EZ L. 20— RN
FiE, FrEMESE (SVD) ZHWe7 7a—FTdH 5.
3, UoDSVD BEET 3.

Ty =USW* (3.8)

15



7272L, UeC W e C*W-h iXIERERITH, ¥ e C IR REITHITH
%, B, FHEETHERT. 22T, AU CEEZRLTAZ FeCr
eBL.

F:=U*AU (3.9)

RN39ZLEET 2 e TRAPBRLNS.

A=UFU* (3.10)
A 371K 3.8 UFHK 3.10 2 AAT 5.
\IJ]_ = A‘I’O
—~ UFU*ULW* (3.11)
—UFIW*

L73oT, FIRRATHESNS.
F=U*9,wx! (3.12)

CDOFBRIYIrDINS 2 2THTH Y, EEHEDEISTFIRETDH 3.

cOrE, P OB € ClE pp OHFARS diag(ur) — (e, e e},
EEN2 bV gy € C* I3 op DHINZ ML @p = [r1 dpa - (L <

J<r) s,

X T, DMD IZ k> THRMEMICKRD 5 A DEHER p1; € C, EHNY bLE
P; €Che T3, FF 4 ITONWT, JLAF & AFHEERY MLEEH L BRI
HY, o THVWOEEMIFHFEL L, uj=pur, THS. pu; ZXHBDITH D0
T pe32%6, LTFoRX3.14k5.

o= s (314
22T, 3131, X312 X3 UEZRALTUTDES ITEFTE 3.
FOp=®ppup

Lo T, ADMAILICE T 21793 UPr £ 725, TANK331CBITE P
H7eh, RKDLZREZFEEHRT L ¢; 13 @ DRIIRT FALTHS.

o |
$1 P2 ... G| =2=Upr (3.16)
o |
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BED p;, ; 73, DMD DI TH 5.

LD ¢ DUITHERR ¢ ; £ BV X, ¢, p RTFRE o, VWS ZE
T, Az(t) 2T 2 ZLHARETH Z. ZDLE, o IFE— FOIRIE, ¢,
FE— FOWHINHEZ R THRETH 5.

T(tn) = JZ:O@‘%,J’M? (3.17)
BB, o BIRTHMENS.
aq
| = @iy (3.18)
a,

3.4 E5D3HHG

3.4.1 RBRY MBI

KEITIE, DMDANBEESZ AL &, 0 k5 REHEEREIE LN
2Dh%, W OhDEEFIHHHAT .
7, UPo3.19TRIND L5, BET S 100 Hz OFlE (1) EZ 5.

x1(t) = e 1% cos(2m - 100t) (3.19)

72720, BEOH YTV U IRBFEBIEZ 16000 Hz & Lz, 2D z.(t) 55507k
IRFHIFE BRI D IREE R o) 2R, AN 52 Z el & o 720X 2 X 3.1 1R
DL X, f35®;9kxﬁ%ﬁ%kx/?5%®ﬁﬁh_2tbt Zay b

REORAFIZE—RDOHEFTj THS. KM3.10FRIZ, 1 DOFEREETITHL,
DMDkioTQO@h%%Eﬁ@# 55, E—FORABRIZZEZICE-T, &
DEEBD EORIETHISTZ 5. 7, AERBNIPHET 256, ZORE
RiFZo; TE>THIRTES. £/ IMVEEDLSR 1T AN L, DMD
AND ANV BT DFTEE D72 e b2 EBRELX X 5. kEkS, 1D
DJERBE T LE— Rl 2 o e 553, €— MO ERIEITE L &
RABEDHDTHD.

DMD iZ & % E— Fofpotg, MERESHERIMTA S0 I 0%, KES
EHANES £ DIEERERAL (SER : Signal to Error Ratio) [42] &, R
27 FoVEERE (LSD : Log Spectral Distance) [43] TaHiiL7z. RE=% z(t), HE&
BiEE% 2(t) & L7z &, SERZLTOX3.20 CEHT 3. H{X [dB] T, f#
HREVZEESHOBRET NI VWEFHETE 3.
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Zg:o x2<tn)
Yol (ts) — 2(ta)}?
LSD &, z(t) DRT—ZARZ L% S(w), &(t) DRT—ARZ M L% Sw) & B
Wt x, U TFo3.21 TREHT 5. HlX [dB] T, fE20ISEWZEESH O
PRI NIV FHlTE 3.

SER{z(t),z(t)} = 101ogy,

(3.20)

N

LSD{S(w), S(w)} = J;] Zo [1010g,0{S(wn)} — 10log,o{S(wn)}|  (3.21)
ZOFER, SER1Z220.54 dB, LSD X 1.0742 x 107 dBTH b, FES L HAMK
BE L DEAEIIIEFITNZIVEE RS, Thbb, DMDIZL-> TREBSDERE
EIFER S S e RO - BRDEER S 2 5. K322, BIEE (), BE
AEE 2.(t) DB FRT 5. M32H056, HiEL LTHRER S HERMBITZ
TWAIEeRhs.
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Frequency (

200

150

100

20

-20

—100 |-

—150

—-200
=30

-25 -20 -15 -10 )
Decay (o)

3.1: x (t) DIRFEFEERFE D 7.
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0.5 1
N WUW\/\M/\WWWW
&
-0.5 -
_1 1 1 1 1
0 0.2 0.4 0.6 0.8 1
Time (sec)
b
1 T T () T T
0.5 -
g
-0.5 1
_1 1 1 1 1
0 0.2 0.4 0.6 0.8 1
Time (sec)

3.2: FEE Lt HAEMEBDORFEOLE : (a) FES (1) & (b) HAERES
21 (t).
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3.4.2 BRERTIABRESEDOIRG

iz, UFDOARTREIND EOHR, BEHEHZ LS, FARRFEFED 100 Hz T,
B33 20 E DR EE 22(t) EE R 5.

%

Z e 1% cos(2m100pt) (3.22)

D zy(t) WTHL, 1§FonRFRZRERE T L Ao TrIfitL b D%
X 3.312RT. FEDOV TV IR, 7 OVIIFiE e AETH 5. 178U
h=160& L7, Zot %, REBERD 40 @t Xz, 1 DD S
WXL 2 0F— R SN 5720, BB D 20 HTHIUK, K3.31TRT

BD 40 EDE— Rl XN 2. 22 OfEiE {£100, £200, £300, - - -, £2000} TH
D, xo(t) DEFAIE KT @ﬂﬁﬁ%ﬁﬁ?é CMWTE B, it,ﬂﬁﬁ& IR
RHI2L %, ZORERZZOBERE 0; ITXoTHIETE .

HifitFE UL, BESLHEMRES LD SER & LSD #3E L&ER, SERIX
%BﬁdBlﬁDdlexmﬂdBT%ot ZD LI, BEEESIPHIEES
HOGE HixiE% S5 Z 272 { DMD CTHO#r - GOl E X 5. X 3.4
k,ﬁmemm HEREES 2,0t) OB ERRT 5. K3406, HEELTD
M S BERBMTATWS Z e yh 5.
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2000

1500

1000

—~ 200

Frequency (

—900

—1000

—-1500

—2000

-30 -26 -20 -15
Decay (0;)

— - 0000000000000 0000000 O00OCGOCOCOOOOOONOOOOOOOVOS

I
o
I
1
o

X 3.3: xy(t) DRFFEIFEERHE DO DX (DMD AND ASITHIDFTE 160 DHE) .
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0 0.2 0.4 0.6 0.8 1
Time (sec)
b
20 T T ( ) T T
15 T
= 10 7
el |
0 HMMHHMMUMMULH AAAAAAA
_5 1 1 1 I
0 0.2 0.4 0.6 0.8 1
Time (sec)

3.4: Rt HAEREBDORIFEOLE : (a) FES 2.(t) & (b) HAERES
a(t).
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ZZT, AU zo(t) 1T L, h =40 & LGE I S - RERBER O 51
B2 3.5 12T, xo(t) 13 20 HOREBEEE 7 Z2F b, E— N 40 EEH N 3.
Z D7D AT OITEIZ 40 HAUIHm7c e PRI S D, EFIZIIK 35 D X
T, xo(t) DB DMERPLBFBMZIEL LA D ZEDBTERV. ZOIZehb,
DMD 73T DBRICEE T 2178 h X, NROBEIROE— ML D REREZ
ETLIRENDDZeEZOND. FERIICIE, NROGEIFOREAMNTZE
H 25 X574 hTHIUEX, DMD IZ X 2 REFERBO o EER <72 5. Bl
X 2o(t) DFE, Y7V 2 ZREFEENE 16000 Hz, FEARREFELUE 100 Hz D7z,
Z DB DA 0.01 sec 3K TH D, Z0 1JFAIAD ZINERS 5121% 160 ¥
YINEIRE. TD®D, h>160 ERETIUX, M33ITRLE KD RIFRHFEE
RO ORG-S,
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2000 %
o/
1500 - o 1 %
o3
o5
1000 o7
o19
1
o 500 03
- 05
= 0 —7
(D]
=, 96
5 ?4
= -500 f
@02
20
~1000 - o8
“16
o14
-1500 | 2 0
%
~2000 - g
-150 -100 50 0
Decay (0;)

X 3.5: xy(t) DRFFEIFEERHE DO DX (DMD AND ASITHIDFTE 160 DGE) .
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3.4.3 HEBMEODDIRA

Rz, HEHEEICOWTDMD Z2iEH L2581 D & 5 2R EREDE S
N2 EHRT 5. B> 7V 2 FREFEEIIHEIET 2 BT < 16000 Hz £ L, h = 160

THOM L7568 %2K3.61RT. 7ry bpMORIFIXEKR L TWAA, h =160
@z%% N3 160 AR S A7z, 52 1% —8000 A2 5 8000 % T DEEIC i 72 <
DHLTWS., HOHES ué“ﬁwﬂ&ﬂm 7% SO R IU, RRRER
D 5213 F 4 F X FAPI8000 Hz 2 LR LTt eEZxohs. X,
o; 25 =500 DE%ERD, IFFICARCHBET 27 e LTtixntws. xf
FOHAOHZF IRMERE LW, ZOMERIIZYLIES IRV, 22T,
X 3.71&h=16000 & L7z ZO0MERZRLTED, FHEBEBNENSE-T
116000 R Sz, h =160 DBE LK T2 L, oy = 0 AL T 1y b
FHLTVWSE. 20Xk, HMEARERE— FEEZHEMEE2 L, 0 OfEIZ0N
LTV, ZoZeh»rn, HEMEZFODTDLDIIXZHDE— RBBEL
RHEEZILND.
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3.6: HEHMEE ORFEFERRE D X (DMD ~NO ATATHIDITE 160 DIHE) .

8000

6000
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2000

—-2000

—4000
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—-1500

| L § ot
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Decay (0;)
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6000 [ ° °y o V¢
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) o
4000 - o I ® . ° e, 0.
® So,°
° ¢ oo Qe ®o
2000 . Y, e
318 ? ° ® %%
~ ] g ° ..“ ‘ P
N o ° :
= 0 >
S °
= ) 1 o ® Y
g .. ¢ ° ® o %
~ °
2000 | e ° ac%
4 ® °
[ ) o e F X P
¥ ©
‘. o0 ..
~4000 |- * 4 1 eec,
o ® g Y
o L4 °® .:
°
° L °
—-6000 - o o® o ...}.:
o ® :’ 2o
.o . o..‘
—8000 ' : %
-200 -150 -100 -50
Decay (o)
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3.4.4 MBFERBES DDA

RRIC, HERAESORMEBRRHO SRR ZHIRS 5. Hiffio vy (t) I2H
S 2N L2 MEIREES y(t) 1L, h =200 DT DMD izl ,
X R R BB O HERKZ K 3.8 1TRT. ¥ > 7V ¥ ZREBEENE 16000
Hz, xo(t) & HEHMEE D SN LI 15 dB TH 5. REREREO DD, REDF:
THAR 0; = — 100X HET 270 —T, ZhSND IV — T2l T
WA ZEDBRZTIONE. ZDIB, o5 = —10THAICH AT 3 ReFEF R,
TED 2o(t) D3b DIER, FFEHERITVWEdDEEZLNS. 22T, HED
PeCH AR R BREICHE T 2 E— FOALLHEKR LIZEER 4(1), FRIES
1o(t), MEREES y(t) DESHIEEZR3IITRT. HEDE—FDOAIZL-T
HAERU 60) 1, y(t) B 2MEORELRETETVS. Z0k5ig, K
MR EREO MM ZAHTUE, EREES»oBEBESOTMIITAS L
Ezohb.
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MERAIEE (1), (o) BAMRIEE 5(0).
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FAE

IR E— R DREZ AVWCEIR
DREDIREY

4.1 HEIY 3 0EEE

HIE T, HHEEAED IS RBEERFS, HOMED X S RS » Tk, K%
BRI ORER « BB ODHIGE NN D B Z L BNz 2O OE NI RS
WTC, REDOREREBRMICHMN S E— FOAEIRT 2 2 2T, FRDHEDTHE
THseHEZ6N%. DMDIZ X 2 EHRTHHEDERAIREMEICOWT, ava—
2y Ial—yaryERHWTHESLE.

X 4.1 12 DMD HIRDEHED D T a v 7 XA 7 75 L%ERT. R
TREEE, BETZHBEESE o) LS NG OREESyt) 35, 20
BAESIH L DMD 2#H$2 22T, —HOE— R 2(t) DD ORELEEH
Z, THUIKREFER o O—F o, ITKMEND. D o, ITHIRT % E— P&
T3 Qpy P1p, fp DAZHAVTESHEREZIT 2T, TOHEEESOEITEHAA
5. o, DERGEL LT, o; ZRIEICY — F L7z 0, 1IZOWT, JTLOMBES
F OB DT g A B TH 2 L WIHERBED TR, 1< <2 DHEPFICKEYS T
b0 IRz, ZoHEIX, MERSEESORMEERREMON, BEESI
FZY LRV o BAFAICKE VW WS B S L.
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Mixed signal

y(t)
i 9j
DMD
{az/bbdi ) Sorting o;
| TP descending
Sorting modes
by g/ ajr
Sorted modes

| {ij'¢{1,j'}ﬂj'}

Selecting modes

Selected modes
{“p bi1p }:”p}

Synthesizing

Separated signal
x(t)

Separated noise
N(®)

4.1: DMD O EIRERFEEZNA LR THED T ay 7 B4 775 4.
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4.2 FM@E I al—3 Y
42.1 >Zal—>3rEk

BIEDHEY 2 2L —>a vy OREL LT, HEMX2OT, ZALHHEHWE LI
EBEO2HOBEERAEIETVEdDL TS, MERIOHEOLNIENEAL,
T/ INMEBLTHNEhZ 35, 2hEe, HNELIESEOEEONE TR
B33, 2LC, A—&ErOHEEZ, A—0OBERERFOLHEL, DMDIZ
X2 EEDEEEAA L. HE 2(t) 1%, UFOR41 TRENZEFSEH V.

201 _so

t)=> Q—Oe_Tt cos(2mp fot) (4.1)

p=1
folZITRTDESTI00 Hz & L7z, EHEE UTHREBIBZRA L T\, %
DR -2 13 7 B TES 7 =260 dBIRES 2 X5 ITRRE L. 71 {1,0.5}
L7z, BEFE LTE{-69, -138 D25 TH 2. HEESMMT S
MEEICE, HEME LY IS RRA L. BUF, Y32 —va V&R
RITRT.

F£41: VI a1l —a &t

RIES HHEECESEZMRE LT/ I 1ES
HHE B EE o(t), BEHR{-6.9,-13.8}
WiEE HEORMEE, ©r oS

SNR &t {20, 15,10,5,0,—5, —10}
T DM | {200,400,600, 800, 1000} dB
METS 2 Fik | DMD IC & 3 BiR 7 B
L s 2 Fik | PCA T & 2 BIRDBEL
AT AR SER, LSD

4.2.2 FH@ESE

SEDERS I 2L —ravii, ANILECHBLOREAEEENLLZ V-V
BT 2L VWO XRR I TH 570, DHEREDOFHENE LT SER[42] &
LSD[43| ® 2 0% L7-. ZDitENiE, 3EDRK 3.20, X321 LFA—TH 3.
SER X, JRIEB X T 2IELEEDIREDEIE%Z SN LLTRE L2 DT, fEH
KEWVZIEDEEMREEE VWM CE 2. £72, LSD IR L7207 — 2%
7 ML ES LOEEEZ/RL, E0ISEWE Y SEERE IS VW M T E 2. 19
DEB(ES x(t) 1AL 1008 D DMFZESG Lz y(t) ITOWT, SER & LSD @
FEE e R RA 2D, 2R R L 7.
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UKL, PCA ZHWFRPHTHRBOZETY I 2L —Y a V& E
L, DMD 04k e i3 2. PCA O3 EEHEIZOWT, DMD 2 UL f#BEES
F OB EZ 20 BEAITH 2 & LT, BUSFL-EEHEOHNTHEIKE WV E
£7 40 E D EEEICHIET 2 R ZERL, ZOFERTOAEHVTESZHEG
B2 THEEESE DM L. 2B, PCA 2B T 2BICANEEDHCH
BAfTHI 2 HEE 228, Z DXEUE DMD OFIEEEh ERICHEE L7 -.

4.2.3 HBHR

FHEDHEY T 2L —a VEERER 4.2~K 4.21 13T, K42~ 4.11 A0
HEEORAEEDYI 2L —a UHR, M4.12~X4.21 BV 7H#E L DRE
BEOYIal—alilRTHs. 53, AJMTHIDITE R = {600,800, 1000} D
EERICEH T % &, DMD O &R HEEE, PCA OEFESEEE X D SER, LSD &
HIC EE B SEEERER LR L2 2 e . HtEE L DIRA1ES DA, SER,
LSD ¥ fEH#E(E 13 0.5 AB Ri 2 15D Z I/ NI V. VU 7ME L 0REEED
%6, SER OFMEREZABMEOLE LR L TP KE W, DMD OFE R
BEEIZ PCA O FIRDEEEZ B0 2 0BERETIZH 2 DD, MEOEHICK - T
DEEEREDREMICENET T2, £2, SNRA -5 dB UL TOEMHTIE, SERIZ
MELDBRELWIZDLLRWVH DD, LSD Tid DMD O E RS EEED B\l
BEZRLEK L CTW5. h = {200,400} ® SER OFEFRICIEHT 2 £, SNR 2310 dB DY
D& SNR %44 Tld DMD O SR BHEDSEBA ZMRETH 2D DD, {KSNR T
X PCA OFIRDEHEDHRENE N e 5E,. ZOZehs, DMDICXSE
JRDEEED TEEMERE I h R E L2 EZ NS, DI a2l —T 3
YOGE, h=600 U LBBVWhDOERETHoT-EEZD.
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X 4.2: J#EHR 6.9 DIFEEE L HOME £ DIREESICBIF 5, DMD ¢ PCA
DEFETEEY T 2L —2 a VORBR (ASHMTHID178200 D5E) © (a) JRIEE L
BE&1ESE DSER, (b) BEESIEASES LD LSD.
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X 4.3: JHEHR —6.9 DIFEEE L HOME £ DIREESICBIF 5, DMD ¢ PCA
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4.4: BEHE 6.9 DHFEEE L HOOME L DIRAESICBIT 5, DMD ¢ PCA
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4.5 BEHE 6.9 DHREEE L HOOME £ DIRAESICBIT 5, DMD ¢ PCA
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LTEET 3.

HEHEE, WEE 6.9, AT DITE L = 800, SNR 320 dB LKA TORS
EEDOREREREOHO—HZX 5.1, HEES « MEI1IFSM T SNR 5
—10 dB TOERAES ORHEEFHEO M O—Hl %X 5.2 12R3. KFHOHFRED
Ty FREEDEESOHEHROEDIEIRINE-EETH L. N51E2HR3L,
o; DIED —6.9 (L DIEFEREREZENTE TV L ZedmAsling. T
IR O 2213, M4 {—2000, —1900, - - - , —100,0, 100, - - - , 1900, 2000} D
ZH-TBY, KT OREBROMEDEERIITA TV, ZORAREETD
FHMliTEREIX, SER O5MEAH 39.623 dB, LSD OFEIEAY0.1469 dB £ 72> TED,
FIZETDOPCA KD EWZ & h 5, DMD ORFEF BRI D < FiRT A
REiZEEZOND. —F, K522 R5L, 22 offifly LT {-2000,---,2000} D
R BRI EIRZINTE D, AREEEO D DB ICZE LE—F
DERTEEZBNS. LL, o OEIEF 2055 —304D TESDOEDH
b3, BEEBICHYTIE—FL, 2R DE— F & CRERERHE DS
IHEDP I BHER A RSN 2 DD, 0, DIEZDHDEIMEOEEEZ, A
HENCED SN T LE o EZONS. ZDY I 2l —3 a»yTOFMMETERE,
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MEPE Y 7HZDEAETYD, B SNR OSHTIXEEBEE I35 T 2R ER
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