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Determination of trigger sites for crack formation in aeronautical composite by
combining X-ray microscopy and applied mathematics
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We have successfully developed the 4D/5D* observation techniques using X-ray
microscopes (*space (2D or 3D) + energy + time), and revealed when and where cracks are initiated
under stress at the nanoscale (first in the world). We applied it to CFRP (carbon-fiber reinforced
plastic) and revealed the competing two mechanisms: (i) the crack initiation in plastic and (ii)
debonding at the interface of carbon fibers and plastic.
We combined the information obtained by nanoscopic observation with the one by macroscopic
observation and found that the initiation sites are largely affected by the carbon-fiber alignment.
Moreover, we have developed a new approach to quantify the carbon-fiber alignment using topological
data analysis with persistent homology.

X X-CT CFRP



L. WFFEBA A = A D =

A1% 20 4R 5 IR FAVBIBHT Bl 23 LA
FNDMZERETTIRIT, BAERCKR B T
T, BABPHUR S =77 v 7T 510135
B ETOMELOMIERISE D R A > b & 72
%o MUZEREMEAMEIO T TRIUCEE RO

ASRECTEIR UrcEHAlsE R HERDHRIEEE

N
Ne S
DF0 EREH po—
—

/_,_,_ =
L=

73 R St 38 1L # AR (CFRP: Carbon Fiber [ 1 CFRP D~ /LF A & — L@ REE & AR B L7
Reinforced Polymer) (X 1) TH 5, T~ 7w R — VOB 73— S iR

BAMEHIIARBERNC K BGCBEDBNIET D, 1EROMEIFTIE, BEDERTHEMFL LT, TR
RICKUBREINDIEZEAIRILY 2 EBREBIWELGIRIILF—CREEREEER)). &35 N T
(7B 2 =R LTND Z N EnoT, TDIOELOKE SEBEW, X K, BRSO~ ik
TEEIL, BEERSFHFRINTE T,

L 7> LA BN D ARG HRI D ZE M /0 RREA B mm~F pm FREICIR DN D 720, HORERE S E LA
Z 8 p m~# mm LL_E) I%ET 2 0F5E T, BARDORER R DT ) A — N TOZEE) (] 213 CFRP DSk
FPAE/ BRI TEE) 1XFE L Ao TR, EDTeORRRERNT TA— =2y 7 TR
STV DLDONRBIRTHY | FERT=RNF IR L LB FICHE T HRERICR Y RERFETH 72,

2. WF7ED By

PAEIRAE LT o Al Lo E B RBBAT BN 5, [, 20325/ ZDBHTEIEMNEL
EDESRTRTE &~ ST XA LT Nt BT DIC BB AR R AR 2 72010, BITFO 2 4
RO BM L L,

(1) 4F—0 BIE, FEROFHIE TS T b - - B 2R S RRAEG 10nm LMD AEM T CEHA (VD
ECT RETHNERAEHEET UMD Th 5, CFRP [HHEix 72 27 — L CORIEMEZ A L TH
D (1), AERLHLOESBEIIE, BT mm U F OB T~ AV F R — VBN LE L 725, % 2Tl
I X BRIEEE D 7 R/ RAE 23K 10nm 0 - BRMIE BRI 2 i 5 - L 2 B e Lz,

©2) o OHMD, BESH-AZEEN, WD ECT M AE. TOIIIVTEBFHTRIENRES EhE
BT AE -7 IO—FDRECH S, FREIRIIG)NEOES R HRENTE - ThH T v # AMCRAT
L00, L L RECHERIC RN H -0 THS I M2 ZOMWNSES Z L1k, ThE TIRES R
TW\% CFRP TORZADIRERERDFEAT 5 A B = R L& EREEOMEETFIE & O TRV 2 =
LEEME LT,
3. WFFE oD F ik

(1) [SATTORILFRT—IL X $RIBHE DB ML

CFRP D)/ e & R34 - #ER%Z  (a) B 10nm~F mm DTILFRT—IL T, (b) EEMEELTHERE
FEL TN RBEE—F DS AT T, X EE#EE 4D/5D 1525 2 WG B 2 fer L 7=,
BARENCIE, BB/ FEBE X SREEME(TXM, XAFS-CT) % WV CRA DI AE 4 @2 e B L, W
BIE TS D O X B e — A (E = 5~11 keV)E B AL LRI, TTAXFyET U —THELL THE
IZHEET, 118 X #1% Fresnel Zone Plates & 5 L o ADMAE LY TG 5 2 & T, mZER S MEETD
X-CTHEZAFER L= (X2) "2, AHFFETIE, BISEROBEIIEA N =R L&D, _in situ BEHE
i % F AL L Mode 1(3] > 1 ), Mode TI(HTIHT) %53 U 7= 5 HEINGAECOBE A FH LT, BEAIVNS




U CFRP S % #1423 % #Hl -1 (phase contrast) & | BEfST — % D7 — & L (water-fall fif#71Z & % segmentation
ENZ XD, CFRP TOXHOREDT ) Ar—VBIEICKP LT,

Higher-order-

2 BB/ FEGE X SREEMES(TXM, XAFS-CT) DX 12

(2) "= RTUNRERAD—EEMFE A SO T-IBME T — 28

Re U ATy FRE R D3RO N R O — DT, R DT b B LT R — Lo RIC
BT 2 FETHD Y, T X Ry ERAR SR OS2 FEE()DES L LTRATR—2 27 b
REB VK DMRNT — 2T SN TS, ZOT7 Fa—FEEEKRT — 2 (4 A=) L. Biko
TRTET — A S SRIEICHEIET B Z & T, CERP O X ZDFAE - HERED A 7 = X MR Y LA,

HARBZIE, X MBS CIIE L 72 4D/5D SEERT —% PHIC LB ‘DEBD
RSV (B~ 1) > 7 AR SRR T agpy—y VTATTMRERS ST A
. g2 ==z |
DIEMIELR | % 1S—Y RTFUMRERS— (& BB ﬁ‘w S, . =im %
P SIS URBEBEMELE, Aot | Y o) CESE
] _ 2R \__ Birth (pixel) | BR%

E(AD 7 —8) Ik L THRBEE —RILR)ETVL. @weEs—» 00 0+ SR —
BROEMELBIH—H A EERLE(K3) 7, D sty e ‘” h

FER S X 3 X BREMEET — 4 D= 2T b

_ R AT TV —IC K DNAR T — & fitr ¥
(1) X $REEMEBIZED 4 RoT/5 RTBERMOEEL

ISFHINGAE T CRAN WO EZ TRAETHO0E T ) A — )V CRIAT 2 FIEREEZ#ED -, 5
DFE X BRE— 5% X MR T W CTIRRAE G 3 £ 550 X BRI (XAFS-CT)IZ X 2 Bla2Hkiii 4 & AL
L. B ZEM 3 fEEE(~50nm) T, I IR L7ens %(znsztu)X CT 2 L 2BIETILEEMSL LTz, CFRP (JRFEMEHE
LT T AT v 7)D X EERZBIZET 57201, (a) REBHHE, (b) 7T ATF v 7 (¢) FR(ZTZHE VD,
BENNE S BWVIZEDEDE 3 FEOMEHE KB T 2 LERH D, ZO7oll, WHNZRRIR= S 7
A FTEHRL, MEOREZERIEDTDOMNBA A=V 72D Z 2k, EHOEREZ PRI
BRI 22 LTI LTz, ZOBMEEBIEIC, B2 565 (Mode I, Mode I+II) T C X-CT #1527 Al
2% in situ BEFIZMBEDED Z LT, 7/ A =L TOXHDOREAE L RIROBIERZER LT,

e L7-BIEsEiT 2 -\ C CRRP ICE 1T 5 -3 A, ERBOFEEZFH LA, I 7a-F ) Ar—
TOXHORAE - EREFEET, ~ /R Tr—nAnbTPHIND TREFR L TW LGN X038 ET L)
&wot$%@%®fﬁﬁ< (OBIEENTOEREL & | ()RR BIERECORIB. 2156 L TEITL
TWBZ ERFTICHLNC2 72, (1),()D 2 DDOE— RNE LR L 70D 2 Lid, T E0MEH %
DR 2 RETVEHENL TRIER TV, ZnbEI 70 - F ) A — L CEBICEFEBE TE -0l
R TH 5,




Mode I (Bl 23RV NE/ITDOI 7 v« F ) A — )L TOXROFRA - HERFEIL, OBIENTO X284 L |
(i) B BT R R COFIBE, AHEA L THEIT L, &5 OAMBMLIC 2 20T, R DS CKEIREL
TWBZ EDFTIHIBT Uz, SREBHEDBERLD I B S U IR SR ARHE R O FERE d 23 d 2 12r (r: IREBIEHED H:1%)
FEOTHITIL, ERRA T =X L0 TOERIEAE, IKFMMHMENE TS L d<12r BEOFHEKTIZ, A =X
Ay TOEEIEAENFERE D Z &@@@Tﬂ%bt(%@ﬁk

a d

lx?%ﬁﬁﬁ/’fﬂﬂa‘c‘@ HIERTD
RERIE | ERSE
RRISUS ).

Sowm s L o DORMTAIC
10 um (GDOXY) BOEERER

X 4 s U7z X BRI IASEE CRIEL L7 IS DEIIN R (Mode 1) T & 24D 384 - i iR 258) ©

Mode I+Mode IT (5ilr) OIREGE— KTO, BRO
T HEROA TN = A LERF LT E 2 A, Model &
FERIZ. (OBIIEN TO X RIEAE L ()R FME B
FURCORBE, DA LT, SRBAENKAELBITL 0 mmaggg th x;r?flrg&?f fier/
TW AN=A L% HHTFH ) A —/V TR LT, @ thin” plastic
Model & DiE WX, FLi TRA Lz S AR BIRNICHE W voic
JB LT < BRSBTS SIS ID » 72 AR L T < 2% B
BTHY ., TOFREOIESE— FCHHEAI7R hackle = Ouplsament- .
LIRS & RO ROERRE A2 VI L1z (K5) 7,

(i) propagation
into the epoxy
@ “thick” plastic

60 pm

(iii) formation of microcracks
(hackles)

X5 X HRUREAMEE CBIZE L2 DEUINT (Mode I+11)
FAELFBENER L T2 unr Iy 7 ~EE TOXHOIAE - EREE)

57 RE, ISE— R TERRD ZERPHLMNIT

mote, TORRE, AREREZH V-~ 70 A D=y 7 AKX D HF0NEREE & G TR L
el A, BRI AE T TR IBAZEMENKE 2 LEIR 1T CTho Z E2VHBIL ¥, CFRP 0L FE L
DIaEt & 72 2 EERIEFR AT,

QFEEE X fREMERSTXM)Z AL -RERITOSEL

CFRP FDRFEDIFAIREL T A7 — /T~ > B 7T AT & M L | R FEGHEPN O BENGRE & D C=C
& A HRO A OBL A6 A AT LT D 2 LITAEh Lc, CFRPIZERAIVEDEWMENCH U | RFHRMEN
D BEMIAE T D C=C G HRD 1 BB DR /340 & E Bt T 2 72010, BIHEUEHE & HIW 7o B2 EL i & e
L7z,

LT, SHERICHEEL 225 Z LA LT TRSEMGE/BIIE N E ] OBMEDT-OIZ7 =/ & VMR & T
ARy R2ERAGLERN) =T 02050 T, FEORRLMBEEAZRML, EER X SREME(STXM)
EHWTIRFDOILFREE T /) A= Ty B 7 T5Z 81280, ZOMMEEDELZI 6T L
9, BE SN TEERIEBDO ALY —13~ 7 v OFBAVREICRE g B et B2 615, T CFRP Df%
SERAE & ABHIE OO S ORAE B A I 5 7o OIS EHERMR A5 2 5,



Q)BMEBE VT T—2DIEREF(C K BT

ARETER Lo VT A7 — LV OBEFEIRIZ LY . EERNTOERREE & myﬁ%ﬁ@ﬂhﬁ@t
DFIEE, BHAE LT, BROFEEZRD TNDENI T ) AT — /L TOAH=ALRFEH I N, IHIZ
DDA T HDAN= AL RO DT & LT, REMBEDOESC, BRO Mfb’ PEHETHD I EHVHRE
HEnic, TOERIDTZDIZ, N=SYRTUMNREAD—FRAWNAA— T =3O RBHT 24 E % B
L, BREO Db kT R E A LT N Y H—H A b (trigger site) ORI ST 7,

BRI, 6k X MEEMEEDEIE T — Z 12O T, N—U AT 2 MRE D — DT DR IR
T—HIBR LN TR A R L, 4D/SD 7 — X IZEH TE 2 KO 7 v 3 U R ADEEL L FHR T
Bfﬁb@%%%imbkoMW%@*&E@W%?*&%%VT OB FRECTH D Z L FEFELT-

o [FIFEC, AM2Y4D/SD 57— % 2B+ 572000y —L & LT, XM THEONZERTOE v 7T
— % % VRURABZERDEAT 2 O TREMET 2 2 L IZERD A, EORHOTodD T 0 7T L« AT A
BSE & AT o721,

WHTE L CWEMERENEE T 2 v 7 Aa—F 1 27 (BBC) OBERIZ W T, REIORENRREECTH 5 =
& VM L (2020 45 5 ALE), UL L CEGRIALD OIRTTIRFED X SRAMSIEZICH e b & L=, B
P& L7 X BREBAEEANIC K DGR & LT, SGREAEEY (Fe-Ca-O OBEEEELY) DIEITITHE D S
{LRREDZEA L2 X B HBAMBE CRIUL L, oA AL hO vy 75— % O IR OBIs %217
7212,

ZAUCTED ARITEDO By I T — & (72 3D+ M) & L ISHEEON—V ATV R FRER Y ) EE Ve
DRI T — 2 FRAT 2 kLA i, BEEEIC D728 % R U AW —H A b (trigger site) % FFET D 72D FH LR
ML D Z LN CE T (RRfFbfES ., FEANEME A )

<G| F3CHk>

[1] M. Kimura, Y. Takeichi, T. Watanabe, Y. Niwa, and K. i. Kimijima: The Chemical Record 19, 1462 (2019).
[2] Y. Niwa, Y. Takeichi, T. Watanabe, and M. Kimura: AIP Conference Proceedings 2054, 050003 (2019).

[3] I. Obayashi, Y. Hiraoka, and M. Kimura: Journal of Applied and Computational Topology 1, 421 (2018).
[4] M. Kimura, I. Obayashi, Y. Takeichi, R. Murao, and Y. Hiraoka: Scientific Reports 8, 3553 (2018).

[5] M. Kimura, T. Watanabe, Y. Takeichi, and Y. Niwa: Scientific Reports 9, 19300 (2019).

[6] T. Watanabe, Y. Takeichi, Y. Niwa, M. Hojo, and M. Kimura: Composites Science and Technology 197,

108244 (2020).

[7] M. Kimura, T. Watanabe, S. Oshima, Y. Takeichi, Y. Niwa, Y. Seryo, and M. Hojo: Composites Science and
Technology 230, 109332 (2022).

[8] S. Oshima, Y. Seryo, M. Kimura, and M. Hojo: Composites Science and Technology (submitted) (2024 ).

[9] T. Harano, T. Yoshioka, S. I. Sakurai, H. Ohara, S. Origuchi, J. Mukudai, Y. Takeichi, S. Yamashita, H.
Takahashi, H. Yoshino, K. Adachi, and M. Kimura: AIP Conf. Proc. 2990, 020013 (2023).

[10] I. Obayashi and M. Kimura: JSIAM Letters 14, 151 (2022).

[11] H. Igarashi, D. Kido, Y. Ishii, A. Okamoto, and M. Kimura: Journal of Synchrotron Radiation (submitted)
(2024).

[12] Y. Ito, Y. Takeichi, Y. Niwa, and M. Kimura: IS1J International (submitted) (2024).



19 19 0 17

Masao Kimura, Toshiki Watanabe, Sota Oshima, Yasuo Takeichi,Yoshihiro Niwa, Yuji Seryo, Masaki 230

Hojo

Nanoscale in situ observation of damage formation in carbon fiber/epoxy composites under mixed- 2022

mode loading using synchrotron radiation X-ray computed tomography

Composites Science and Technology 109332
DOl

10.1016/j -compscitech.2022.109332

Ippei Obayashi and Masao Kimura 14

Persistent homology analysis with nonnegative matrix factorization for 3D voxel data of iron 2022

ore sinters

JSIAM Letters 151-154
DOl

10.14495/jsiaml .14.151

Watanabe Toshiki Takeichi Yasuo Niwa Yasuhiro Hojo Masaki Kimura Masao 197

Nanoscale in situ observations of crack initiation and propagation in carbon fiber/epoxy 2020

composites using synchrotron radiation X-ray computed tomography

Composites Science and Technology

108244 108244

DOl
10.1016/j -compscitech.2020.108244

Suzuki Anna Miyazawa Miyuki Minto James M. Tsuji Takeshi Obayashi Ippei Hiraoka Yasuaki 11
Ito Takatoshi

Flow estimation solely from image data through persistent homology analysis 2021
Scientific Reports 17948

DOl
10.1038/s41598-021-97222-6




26

X (CFRP) ~ 2021
56-61
DOl
Kimura, M., Watanabe, T., Takeichi, Y. ,Niwa, Y. 9
Nanoscopic origin of cracks in carbon fibre-reinforced plastic composites 2019
Sci. Rep. 19300
DOl
10.1038/s41598-019-55904-2
Harano, T., Takeichi, Y., Usui, M., Arai, Y., Murao, R., Negi, N., Kimura, M. 10
Observation of Distribution of 1t -Orbital-Oriented Domains in PAN- and Pitch-Based Carbon 2020
Fibers Using Scanning Transmission X-ray Microscopy
Applied Sciences 4836
DOl
10.3390/app10144836
Kimura Masao Watanabe Toshiki Oshima Sota Takeichi Yasuo Niwa Yasuhiro Kitazawa Rumi 2990
Ishii Tomohiro Seryo Yuji Hojo Masaki
Nano-to macroscale In Situ observation of microcrack formation in carbon fiber-reinforced 2023
plastic under loading using synchrotron transmission X-ray microscopy
AIP Conf. Seri. 20008

DOl
10.1063/5.0169168




Minamitani Emi Shiga Takuma Kashiwagi Makoto Obayashi Ippei 156

Topological descriptor of thermal conductivity in amorphous Si 2022

The Journal of Chemical Physics 244502
DOI

10.1063/5.0093441

Obayashi lIppei Nakamura Takenobu Hiraoka Yasuaki 91

Persistent Homology Analysis for Materials Research and Persistent Homology Software: HomCloud 2022

Journal of the Physical Society of Japan 91013
DOI

10.7566/JPSJ.91.091013

Obayashi lIppei Nakamura Takenobu Hiraoka Yasuaki 91

Persistent Homology Analysis for Materials Research and Persistent Homology Software: HomCloud 2022

Journal of the Physical Society of Japan 91013
DOI

10.7566/JPSJ.91.091013

Minamitani Emi Shiga Takuma Kashiwagi Makoto Obayashi Ippei 40

Relationship between local coordinates and thermal conductivity in amorphous carbon 2022

Journal of Vacuum Science &amp; Technology A 33408

DOl
10.1116/6.0001744




Harano Takayuki Yoshioka Takahiro Sakurai Shin’ ichiro Ohara Hiroaki Origuchi Sakura 2990

Mukudai Jun Takeichi Yasuo Yamashita Shohei Takahashi Hiroyuki Yoshino Hideaki Adachi

Kyoko Kimura Masao

Effect of the compatibilizer on the morphology of a phenoxy-resin/nylon-12 polymer alloy: A 2023

scanning transmission x-ray microscopy study

AIP Conf. Seri. 20013
DOl

10.1063/5.0168123

Obayashi Ippei 7

Stable volumes for persistent homology 2023

Journal of Applied and Computational Topology 671 706
DOl

10.1007/s41468-023-00119-8

Obayashi Ippei Yoshiwaki Michio 70

Field Choice Problem in Persistent Homology 2023

Discrete &amp; Computational Geometry 645 670
DOl

10.1007/s00454-023-00544-7

Minamitani Emi Obayashi Ippei Shimizu Koji Watanabe Satoshi 159

Persistent homology-based descriptor for machine-learning potential of amorphous structures 2023

The Journal of Chemical Physics 84101

DOl
10.1063/5.0159349




Asashiba Hideto Escolar Emerson G. Nakashima Ken Yoshiwaki Michio

6-7

On approximation of 2D persistence modules by interval-decomposables

2023

Journal of Computational Algebra

100007 100007

DOl
10.1016/j . jaca.2023.100007

Asashiba Hideto Escolar Emerson G. Nakashima Ken Yoshiwaki Michio

227

Approximation by interval-decomposables and interval resolutions of persistence modules

2023

Journal of Pure and Applied Algebra

107397 107397

DOl
10.1016/j . jpaa.2023.107397

Asashiba Hideto Buchet Micka?l Escolar Emerson G. Nakashima Ken Yoshiwaki Michio

105-106

On interval decomposability of 2D persistence modules

2022

Computational Geometry

101879 101879

DOl
10.1016/j .comgeo.2022.101879

57 18 15

CFRP

JCCM-12

2021




Yuji Seryo, Sota Oshima, Kosuke Miyaki, Masao Kimura, Toshiki Watanabe, Masaki Hojo, Masaaki Nishikawa, and Naoki Matsuda

Mesoscopic triaxial stress state analysis to explain the influence of interfiber distance on microscopic damage at the crack
tip in high-resolution CT observation of CFRP

1st Virtual ESIS TC4 Conference on Fracture of Polymers, Composites and Adhesives

2021

2021

Masao Kimura, Toshiki Watanabe, Sota Oshima, Yasuo Takeichi, Yasuhiro Niwa, Yuji Seryo, Masaki Hojo

Nanoscale in situ observation of microcrack formation in carbon fiber-reinforced plastic (CFRP) under loading using
synchrotron TXM

15th International Conference on X-ray Microscopy (XRM2022)

2022

Takayuki Harano, Takahiro Yoshioka, Shinichiro Sakurai, Hiroaki Ohara, Sakura Origuchi, Jun Mukudai, Yasuo Takeichi, Shohei
Yamashita, Hiroyuki Takahashi, Hideaki Yoshino, Kyoko Adachi, Masao Kimura

Effect of the compatibilizer on the morphology of a phenoxy-resin/nylon-12 polymer alloy: A scanning transmission X-ray
microscopy study

15th International Conference on X-ray Microscopy (XRM2022)

2022




Shohei Yamashita, Jumpei Yahiro, Daisuke Wakabayashi, Yasuo Takeichi, Masao Kimura

New Design of a Non-atmospheric Transport System for compact STXM at Photon Factory

15th International Conference on X-ray Microscopy (XRM2022)

2022

Ippei Obayashi

RIMS Workshop Mathematical methods for the studies of flow, shape, and dynamics

2021

Volume-optima cycles and stable volumes for persistent homology

RIMS

2021

Ippei Obayashi

Stable volumes for persistent homology

Einstein Semester on Geometric and Topological Structure of Materials

2021




2021

CSTXM

34

2021

PF BL-19A

STXM

34

2021

X-CT CFRP

JCCM-12

2021




2020

2021

(CFRP, EBC)

2019

PF

XAFS

PF

2019

CT

CFRP

in situ

33

2020




X heterogeneity

75

2020

Ippei Obayashi

A Framework for Machine Learning with Persistent Homology

POSTECH MINDS Seminar Series on Data Science, Machine Learning and Scientific Computing

2021

Optics & Photonics Japan 2022

2022

X heterogeneity (big data)

2022




40 PF

2023

2021

Masao Kimura, Toshiki Watanabe, Sota Oshima, Yasuo Takeichi, Yasuhiro Niwa, Yuji Seryo, Masaki Hojo

Nanoscale in situ observation of microcrack formation in carbon fiber-reinforced plastic (CFRP) under loading using
synchrotron TXM

15th International Conference on X-ray Microscopy

2022

Takayuki Harano, Takahiro Yoshioka, Shinichiro Sakurai, Hiroaki Ohara, Sakura Origuchi, Jun Mukudai, Yasuo Takeichi, Shohei
Yamashita, Hiroyuki Takahashi, Hideaki Yoshino, Kyoko Adachi, Masao Kimura

Effect of the compatibilizer on the morphology of a phenoxy-resin/nylon-12 polymer alloy: A scanning transmission X-ray
microscopy study

15th International Conference on X-ray Microscopy

2022




Shohei Yamashita, Jumpei Yahiro, Daisuke Wakabayashi, Yasuo Takeichi, Masao Kimura

New Design of a Non-atmospheric Transport System for compact STXM at Photon Factory

15th International Conference on X-ray Microscopy

2022

Topology Meets Data

2023

ST 3 WS

2022

Ippei Obayashi

Stable volumes for persistent homology

TDA Week

2022




Ippei Obayashi

3D Data Analysis of X-Ray CT Images with Persistent Homology and Nonnegative Matrix Factorization. Perspectives on
Artificial Intelligence and Machine Learning in Materials Science

Perspectives on Atificial Intelligence and Machine Learning in Materials Science.

2022

Ippei Obayashi

3D data analysis of X-Ray CT images with persistent homology and NMF

The 2nd POSTECH MINDS Workshop on Topological Data

2022

2022

Stable volumes for persistent homology

MIMS/CMMA

2022




19

2023

Ippei Obayashi

Stable volumes for persistent homology

AATRN online seminar

2022

PH HomCloud

2022

2021




HomCloud

2021

Ippei Obayashi .

A data analysis framework with linear models and persistent homology

TDA Week 2023

2023

2023

2023




Material Meets Data

2024

37

2024

PF X BL-19A/B

37

2024

Masao Kimura, Ippei Obayashi, Daiki Kido, Yasuhiro Niwa, Toshiki Watanabe, Yasuo Takeichi, Xichan Gao, Kazuto Akagi, Yasuaki
Hiraoka

Finding “ trigger sites” of reactions among the heterogeneity of materials by using X-ray microscopy and persistent
homology analysis

MRM2023/ IUMRS-1CA2023

2023




Masao Kimura, lIppei Obayashi, Daiki Kido, Yasuhiro Niwa, Xichan Gao, Kazuto Akagi

Finding “ trigger sites” of reactions among heterogeneous materials from X-ray microscopic big data using persistent
homology

TMS 2024, 153rd Annual Meeting

2024

Mayrene Uy

2023

2024

2023

2024

Hideto Asashiba, Emerson G. Escolar, Ken Nakashima, and Michio Yoshiwaki

Approximation by interval-decomposables and interval resolutions of 2D persistence modules

TDA Week 2023

2023




PD

2023

PD

TDA-MI workshop 2022

2022

2022

Hideto Asashiba, Emerson G. Escolar, Ken Nakashima, and Michio Yoshiwaki

Approximation by interval-decomposables and interval resolutions of 2D persistence modules

2022




Hideto Asashiba, Emerson G. Escolar, Ken Nakashima, and Michio Yoshiwaki

2022

Hideto Asashiba, Emerson G. Escolar, Ken Nakashima, and Michio Yoshiwaki

Approximation by interval-decomposables and interval resolutions of persistence modules

54

2022

Yasuaki Hiraoka, Ken Nakashima, Ippei Obayashi, and Chenguang Xu

Computing interval decompositions/approximations for commutative ladder persistent homology
, , Mar. 9, 2022

18

2022

2022




E.G. 2023
272
1
(CFRP)
GAO Xichan,
2024
0

(Niwa Yasuhiro)

(00743709) (82118)
Al

(Obyashi Ippei)

(30583455) (15301)
(Takeichi Yasuo)

(40636461) (14401)
(Watanabe Toshiki)

(90851428) (14301)




(Nakashima Ken)

(60935401)

(15201)




