El1-3-1

[WF7EEB 2 OS] MLAHIY 7 — & figehr (1)

=)y YREEILL BRBEVET— 2R

MEE Eh !
VRO TR

e-mail : matsuba.t.aa@titech.ac.jp

1 &I

AFFETIE, 7=V v VARERBZHWEHMUOHE T — X B OFELZIRRT 5. MHENT — XM
(TDA:Topological Data Analysis) Tl&, Rf7 —X2E T 2 XOMEICEH L, MHENFEZRE X
27D — AT Y MREQY —BEREHWE D, ST — ZBEMNCE T30 EE M S
5HDTRIEro7z (1, 2] 2T, AFRTE, MOHHERTREZSN TV S UMHEAZEDO VD DT
H27 =V IAREEREHLT, A7 — X 0BERICHR O S EME 2 5 2 FEZIRRT 5.

2 R’EFE

AEITE, MEAZEBDUV O THZ 7 — ) v VARER R WSl T — 2 o FEIic o Tk
N5, KRR THWSE =) v VAER X, ARPOAINLHECENKOREZRIFS 25252
ETT =Yy TR L, 21T 2 LI AT 2R ERBDZ L TH 5.

BB, ANTEF—XI1F, =2V v FE/M R ICBI2EREDOEDES P = {p1,p2,..-,0n}
THZAONhBRBET—R T 5.

AN ENT B EOR R EREI RS2 2L T L F 27 — 1O Cech BERZHK T 2 FIEE T
X, TR TH 28— A7 ¥ bRER Y —F2HWMHN T — 2@t e FETH 2. Lo L, A
WTRET 27—V v Y AREREHWIAEOH T — X, RO LR BRI HRBRE X
FBOE 7 4V L= a vy ATy FICBVWTEREINTVWEI Ty Yo HK 2L, 77—
VO VARERDATy 7T DEERNT B2 ildH 3. kb, BN TR E N 2 R0 BRI EIK
PRI NZGEICTr =) v IAEREERT LD T 5 (3.

DIRTE, 7=V vy Y ARERIZDOWTHE T 5.

2.1 HFUBRAORAREBLMHGS

HMOHMNRoHREEA L X, MOCHNROSHEEE, BT 2B R R 260 (23 E) T
BONB X5 ITEIELTHS.
HBOHORERIIH LT, LFOLS 5 %2525 ¢
1) GEPSERCPITHEIRTWEZy OB, EE2SA RCHTTHEIZh TW2 Ty Yok
EEHGE, ZORENI +1 OFEE5X 5.
2) FELoOHOHE, ZORERIZ -1 DFFELE5Z 5.

22 F=1)wJiT5

F—10 v 78 G &, HOHKATRED ShAEBERAERCBI 2/FEM2THERR LB DT

AAIGSHEEER 2024 4E 2 H#HTRE (2024-09-14/16) Copyright (C) 2024 —i&HEHIEA A AIGH RS



H5. L, ATHIOR A, FF5HNC-1 2R LHDE T S.

23 T—=UyIYREE

rF—=0 v AERIX, 5=V v ITHDITHRDMIMETE X SN AN AERTH 5.

3 HERER
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FEATICIEH S %, 1T 8 MR MATAE SR A B Y _EuF. HENNE & L TEHITHO T OV T
R 2B, REETEES 2 PH %2586 3 2 55 I O B EIEFETH TN T 2,

2 2 RTEELED RN

2 XITEBGIC B W TIIEE 923 E B & D &g TH % 72, sublevel filtration PH @ Hy TR %
179, ¥/ N—% HomCloud[1] D#fEHHERE TILD BRI D volume IZHIGEH %, BHIZH
7z volume HB77 2 ¥ D O X IIHIFLER 023 1. HHERDS 0 D 2 fH~ X 27 B{EDMERMR T . volume D
% BV AURIESS 73 DS T % 2, 8 MR TIIRTE Z AT, 3 RITHEGENT D AT 2 BT %,

3 3 RTEMFRLEDRN

2 K7D 2 fH R 7 HIRDB A T 4 A Z CIHER S NTIRFED ST 200D 5, 2 JT RO R D
xy AKX DHWESIEFRIC A T4 A% DIRT e TS L. 3 RITEIKT distance transform £
W2 PH ZE5t8E T 5, BEFEL LT 2] 23D 54, TR Z AN § 570 Hy \CEHL
DL, ZEEHED T —REH WS 720 Hy \CFEEHT %, #H L723—0 birth position %~ —
71— LT watershed © 7 X V7= a V2T 28 T3IRLE I A Y T—=>a YHTET T %,

4 8 HHRNHARERT T — X DFER

FIEOFHTD 72 8 MR O RS T — & (2T 34 D 3 RITHg) % ik L7z,
¥3. SEOTF =X TIEEYIR AT A=Kty FOBFEELT 34 KT RTT 8 DOMAIAMHTE 3
e RMERR LT, I HICEMAMOFHEE LT, 3 XD PHAHEBZDO AN-DEROI-2DD > 2T
Y ADMEDOTEIC OV THERZ TV, BFRFAICBIT 24D —10 KT k FHICELWA—-DE
%k Pp(t) EEL & E, Py(t) & Py(t) oMU THIEY 4 XD 1/2 REHRSINA TV I %
MR L 7o NI X=X OZYME BN T 2HRTHZ (K 1), HRRINEARKY Y F V7
WKEDSL TRy T =2 a VRO b T v ¥ 2 7%1TW0, PlantSeg[3] % FWEITHZE [4] & Lk
L7z AG 58, Hof LU CHLER S OO ARFES M & D /h X v e w s —BHE0 B 2 555105 iz,
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ZAIREA D {5 Tl 8 MIREEAD X 5 2 BAREZ: 3 IoThEED 72 <. B TH EMEREL I XAV T —> 2
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Yy "DFEET B, £7220027 5 70OMICIZH02ENRD 5,

HOEEZEIT 2 Z LI BEEVDH S, SHEALLFELZRELTHEN L, FHiZIT5, 2 KT
T 2 N7z volume OERESZ R U 72O 58 Z 170, AR & U THIlE s 23 %, 3
KL TCTRET. BHET 2R 74 ABTER WA ZRALTY I 7 21EK L. METIS[5] Z iz
DENEITS, ZOK%, DEBATOREFRISH LT3R PH 2 EH T2 2 TR EET T 5,
R U THIRIBUZEE L THRATIIZE (6] 2 IXIZFEROMERESE/21Z0. FHEERICOWT S RO
MWHER T & 7=,

7. Py UCBLC, SHlEEI B D, SHIMMICIIR R B TR T 5 2 L »3NEE
TH27=0, #HYK N7 v ZEREMHT 2 HEPDETH 5, MBI IR R & 188
L. TGO 2 fEREICR 2 e DR L TERICRIZ VWS WEDRD 2720, + I v 7iEROKED 75 7
W ZOMEDPHERTE 2 2 LIFRWERICR %, FEBRIEITMERDO L 7 X 7 — a UREFITH Lk
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R=y 27 v rRERY— (PH) X, (MHZEEOERTSESD STTOMHEZERORERY —%
HET 2 FIETH D, FEINHIET & LW T — X OMHENMEE 2 EEINCTHE T E 5. AHFFETIE,
VALY h=a—F%y M =2 2HOTHEEIN S BRICNFRERE YT, NEROWHEN
R2ENEHET 2 FTHEELRAZEEOMMENEE L PH 2 HWTHET 2. Fic, ZHICHV S
T = ZBOEAN > TRERBDE D XS BT 2020 L, NEROFEOREEITOWT
s 5.

El-3—=1}
2 H=

NERIREOREHANZED, A RBEROXA F I 722 ERNMLT 3. BllFT— X 5H%
ReHtETHZeT, RHDOXAFI 7 20Tl - HIENCICHTZ 5. 12, Echo State Network
(ESN) % H\W/=Fik [1] 1&, Z 0B 5 SR L ISHMEO NS » SEH IR TV, ZhE
T, ¥ ROFEBEROPCRIEIC OV TIEAR I N T E 220, R T — X TOEGRIRIEEARERD
HETDH S [2]. ESN THELENFERIEIERILTD D, NFRDOAEESG O 2KREZ R INHEE
LIZ{ W WS EE & D, 2 ZTARMIETE, MAENT — X @2 W TR FRORERE
ZERLL, HRF—XTD ESN IC X 2B EREFAET 3.

AHH 7 — X T T, 7 — 2O DEHRE ERILT 5. =2 X7 ¥ bRERY— (PH) (3]
&, M2 ORI D EE D S, TTOMAHZERNC BT 2 #KE R, 7, ZiHE WohER S —DIF
WL ERIES 2 MHN 7 — RN FIEO—2TH 5. PH OHHFERERZ MUbT 2
T, PCA I X 2 AL HEH RV ICRIFTZ 5 (K 1).

FEEAI DTV K=Y ATV MREAY— K=Y AF Y RAA=Y
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1. R=Y 27V bREOY —FHWAHHT T — & it O,

3 F&

HON¥R fo : R™ — R O#E {fi(d)}ien (d € R™) ZHWT, ESN OKE r € R™ O
FERAIZ r, = tanh[Af!(d) + Br;) TED=. T IT, {75l A € RmXna B € RWXnr 1%
ESN O X5 X—=2TH D, ER7FEZhZNXME [-1,1], [-0.5,0.5] EO—kR73 D &MY
YL, tanh 3 T WEAT 2. F—%% T HAWVWTESN T¥H LN ¥%R fr &
fr(r) = tanh[(AW7 + B)r] TE®D . 22T, Wr = [fIo(d)--- fo+T=Y(a)][rTo ... pTorT-1+
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Y L7 XT38 X B T8 % &Y.

HHER fr OFEEED SO M EHDEOY > FADERE LT, D,[fr] = {fN (e NM, (N, M €
N) 2V coCal” eRYE(i=1,..., M) ZEMS — F s DB 2T [-2,2]" Lo—KHHiH s
MY > TN U e, Dylfr] B ATTE LT, M1 OWATHNR=S AT Y PRERY = NX—T ATV
A=Y EMEHLTEBLERY L% o(D[fr]) TRT. FEHICHWS 7T -2 T LB —
N s ZZHELTHELNERY FLVOES {v(Dfr))}sr ZHWVT PCA 2FEITL, % v(Ds[fr]) @

B1,2FEMAE vy LT
4 R

ESN T#¥ LEN%R fr (T =0,...,9) 20T, ERILOMELIELEE Y oG 2K 212
N

(o] © Oq"ﬁ O<§ O% & O% O#? Oﬁ Of§

S 100
=
w 107
0 1 2 3 4 5 6 7 8 9
# train data

2. {v(Ds[fr])}s,r KT 2 PCA DR NFROELEAEL OXIG. EONFER fo lZV Iy MY A 70%DD
ng =2 XTENFRE L, npr =5 XD ESN 2V, £/, N =103, M =10%,s=1,...,10 £ L.

LRI 7 — X ORI - T L7 (K 2-F). —F, ESN T¥B L7 N%R fr O
ROHHHEE (B2 ) 1, REBOBE (T = 0, Fll) 2 SHEE o Th o2 DR R -7 (T =5).
Z OBEFIEEECHFI L7 BSN 095 XA — & A, B2 X 6FICHBSNE, 28 Lk 5 RTHESR
DREEEDMHMIMNE , b 2—V 27 4 v 7 REERMENE T DT ICHM LTV 3 USRS A
Fu. KBTI Z ORBRIZOWT, NEROFEOLEROBSD 5 EET 3.

BEE AW, JSPS RIWFE JP20H00596, JP22K18419, JP24K15161, JST CREST JP-
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