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Understanding the elementary process of desiccation cracks based on large-scale
data assimilation

Ito, Shin-ichi
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The crack patterns that occur when a mixture of water and powder (paste)
dries are commonly observed. As drying progresses, the hardness and brittleness of the paste change
over time due to the evaporation of water and the rearrangement of powder particles, becoming
spatially non-uniform. This research project developed a large-scale data assimilation technique to
integrate simulation models of drying crack patterns and experimentally measured data in order to
understand the relationship between heterogeneity and fracture processes through visualisation of
such spatial heterogeneity.

PINN PIV



B X C—19, F—19—1. Z—19 (G®)

WHIEBR AR S W) DT &

7J<<‘:*5J\0>/Eé W (= B) D3RI L TTE DR AN Z — 3T LN o T AKBARKIZE D 70 &
THEICBII SN D, RN ET T, KO & RRLFORBEEIZE> T, X—2 O
SOMe & 7 LI LT 5 5 212, ZEMINCAE —I1T70 D, ZORY—MRITRROREROMT;

WS BRE G DM, %TOD%%EZ{TW)ﬁTKi@*‘ﬁ%ﬁﬂﬁﬁ“5 ZEEFNEETHoT, £ T
ZIKEJ%'LT X, HBRBREAS— DI ab—ra VET A EEREHIT — X ARG T D KRB
T = RUL B 2 T 2R — 2 rIHM 9 2 BT Bl 2 Bl 95 2 & T, Ak
EEEABEORRZ I 50N 5,

2. e EM

TR &R DIRATR DFLIRAEE ClE, KOOI L IRRL A O FRCE IO Y > 7 RLBRIG
T172 EDMMENRT A —F PREGFZEM CTEAL LB AR 20T 5, & OARE— VT2
DB HBE 52 D0, %f@%%&m®ﬁfrw*ﬁ%%m¢5:&m%bwo%:
TAMZE TITMLRIEE DS ET T L & 3T — & & KT — Z RL i TR a L. Btk o
A — B DZEMARY)— % a2 FrBRT HA oMt 2 - 5 B & T 5,

3. WHEDTTE
AWFTEAR Z R T 57202, UTFO XD ICFERINT - > 2L —va VET RS- T —X
[FEHABAE D 3 iz i B L TR 2D 5.

(1) wofEalEsEsR

M1oLHic, BEFHIEEZRE 2RI EZ

DR ET RNV AT iié%/&~ﬂwﬁ
%o EEFHI PCICH S, BAEEOREREL &
R SNT-EREORERIZHIET 5, . [k
B ST IRIBEE T L V0 IR E O R A5 — &%H
RRCHIET 5, ZOEBRIC LV il fE > @z
RO L BEOE LA RGN REL 720 |
ROEEIAL L BIHER AT SN —#HORSR 5
FlF—2 e G TE 5, iz, ~— DR T 2EAm L
TR B SE~ — DR O 2 it 5 2 & T
KL B ORRIIT — 5 bEUFT 5. 1 EBROEy Ty

(2) YIal—Ta EBTLRRE

R & R DIRETR DR EE Tl KO LR OB B I Y o 7R
BRARIG J1 78 & OB RT A —Z INREZER TR LR DR B — 2ot 5, 2D L%
EZREL, WIEARE R ANTZEBEO I 2 L —va VET AV ERBT D, E
Twm@t%&i7:—x74—w%@m& L2E7 Vv EFEMT D, PFIETIHA
e ZeiEki 0B E LTHRETH LT, BAENRE - HERTLZLICLIRDT
FNF—INTIZESWTROFMREN TR SN D, FIARWE TIIERE— M5
DEE LT F—EEICHAAT Z & T, AR — L2 BB Ui iiiEo > 2
2 b—va UET VOB E BT,

(3) T —HIEMbHATEA %

e () Q) TENET—2 v I a2l —a VETAERRET 5T — 2 RUKIEDH
WiPARAAT 5, MFFEQ) CHESINDS VI 2b—va v OETFLOMBEZE L, A5
FT—H Rk L LT 4 RITES1E5° Physics—informed neural networks (PINNs) Z4E7E
LTWS, ZNHITRHIE Y I 21—y a3 VETIVICBWTCEEEDOB AN LT —
HEMbIE L BEARIFZEICE L CTWD EE X LD,

4. WFIEERS
A THE LN REE 3. RO FETET - HEZLICE LD 5,

(1) WlRmk SRR
HERFIE A IR S5 2 E 2 B E L CHMICEMGB I AT L L X EEAN LT,
ZHIC XV EE A BB G & I TR TE D L ) o iz b BEIY A R - B
JEXR EDOEBNT A= BB SE BRI — ORFEIRBO AT v T v a
NTF—2 %% LT DHIENTE T, £, TN E TITEHBEBGIRNT O T- DI FE



o

.

,.%?
-

n &
el 0

@
2

h

[ Eh BRI~ M|

g?

B% (At @8
X 2 : AT T SV r—3 g v X 3 : PIV (T & BN t8 kG 5

ORI N MBI 72 > TN ERT — X OFRBITHEND Z NN /> 72728,
CTHETICHRE L CX BB 7 a 77 2 &2E& LEEME - 77V L L72(K 2),
T KV FEEORIMEERNNE L o~ Z T o A FE2HIETAZ &R T
X, EBRT A RE ER LT, 61T, BAIGRERYIT — X IZOWTIE, R 1
PREHEE PIVIZ XY, ~—BRTFE2GATE 2 ODRIR DR — BEEDFESy % fif
Wrd 22 & THIGMNATRE & 72 - 72(X 3),

Clal—varEra [ERLEF—REE]
PR IRICHESE | RS — | o Tl ¢l = | dx [Faa@msa + Ferign +]
PEZ D ANT-HRE D > | EHEE . . T JES K —
S Lt n B u(x,): =68, ¢(x,1): BRA—Y—IN5XA—%
Uiz, PRIECH, &% 07 [REAES (R385 BORMRE | = wmees
H1OMERS A—F—ri7 (o

A =B DEMG ¢ &L LTET ot

MEL, 2R u & o OB [ a6

B LTERShEReRo |5
HH T %L X — D245 EHE A
bu b oDREFEAEZED A - PR Skl 11

(R 4). PFETH. Bxx X4 : PFIEICEDET Y v 7 ORE

N =D T D L ICHENER, FEHECRHHT A vy 2 BRIEFELRWVWE
R BFEROERBZFREICT 5, I DICARBIETIL, KOOI L MR O BEEIC
PENRPTR 2 N BRI F T 5 Z L 2B L, K= RV X —HHIZZ DR ZTY
ATz, THUT LD ZEIARE—ME 2 B A A TZ IR OBUEE TV > VN EER S iz,

T — & [ AR BR %

AR TIIZE (D) Q) THoNET—FEvIa b
—va VETNERET HT — X EMLIEOHIE % %
1T o 770 B2 ORI TIZ A IRTENEIC L B 5 — 4
FMEIED BT 23 AT, 4 IR VE L ITREA T &
DR I 2L —2a v ETFAERY SBHTHOD
N5F—FEbETHY VI a2 — g ET LT
BT aAy FETIVEMEENDET LEE/RLE
NUICHESX S 32l —2 g VEFANRT A—2 OHGE - -
Pl AT O FETH D, MMREQTHELNIZY I 2 L— .‘. .

G VEF MK LTT Va A v NEF A EER LRGE “-..‘.
L7 A NRTGRA=H Lo TUIRBARELENTSH 2

ERFEND DT, —RICY S 2 L— g VBT DR S p
FAHELTLT Doy N LR EE i T 57 5 ¢ PINNs DfsR
EOMITHEBATIERLS, AV Ialb— 3 VEFAICBWT B hDOETF VA O
BREENT P aA v VETADREERZMEL TWDE EEZBND, 5B I DOREE
PEIZOWCEEIZRRERN L ETH D, e T, e O%ETIL PINs 1285
F— 2 [FULIE DB ZRIC AT LT, PINNs [ EERE SN =2 —F Ly T —7
WIS WREMRIED 1 5T, RICBGTL2EBE=a—F %y hT—JOH L L
THREL, TOELNRTA—=F EZHNEENZORETEXBIOBHT—2 2469 &

INHEWELEITH Z L T, BT AVDOMRERMET NINT A —F DORIHEE 21T 9 FIET
H D, AHFFETIE, PINNs TRRARET @K b8 ATEHZ LT K505 )
TRBBNE — BT ERFREL e o Tz,




5 5 0 5

S. Ito, T. Matsuda, and Y. Miyatake

Adjoint-based exact Hessian computation 2021
BIT Numerical Mathematics -
DOl
10.1007/s10543-020-00833-0
R. Anzaki, S. Ito, H. Nagao, M. Mizumaki, M. Okada, and 1. Akai 103
Phase prediction method for pattern formation in time-dependent Ginzburg-Landau dynamics for 2021
kinetic Ising model without a priori assumptions of domain patterns
Physical Review B -
DOl
10.1103/PhysRevB.103.094408
Ito Shin-ichi Kano Masayuki Nagao Hiromichi 232
Adjoint-based uncertainty quantification for inhomogeneous friction on a slow-slipping fault 2022
Geophysical Journal International 671 683
DOl
10.1093/gji/ggac354
Morikawa Kosuke Nagao Hiromichi Ito Shin-ichi Terada Yoshikazu Sakai Shin’ ichi Hirata 226
Naoshi
Forecasting temporal variation of aftershocks immediately after a main shock using Gaussian 2021
process regression
Geophysical Journal International 1018 1035

DOl
10.1093/gji/ggabl24




Ito Shin-ichi Nagao Hiromichi Kurokawa Takashi Kasuya Tadashi Inoue Junya 3

Bayesian inference of grain growth prediction via multi-phase-field models 2019

Physical Review Materials -

DOl
10.1103/PhysRevMaterials.3.053404

25 3 11

S. Ito, M. Kano, and H. Nagao

Adjoint-based Uncertainty Quantification of Frictional Inhomogeneity on Slow-Slipping Fault

AOGS 2021

2021

2021

2021

2021

2021




Adjoint-based uncertainty quantification of frictional inhomogeneity on slow-slipping fault

JpGU 2021

2021

2020

S. Ito, M. Kano, and H. Nagao

Uncertainty quantification based on 4DVar data assimilation for massive simulation models

JpGU

2019

S. Ito, H. Nagao, T. Kurokawa, T. Kasuya, and J. Inoue

Bayesian inference of grain growth prediction via multi-phase-field models

JpGU

2019




S. Ito

Uncertainty quantification for massive simulation models based on a second-order adjoint method

A3 Soft Matter Workshop 2019

2019

S. Ito and H. Nagao

Uncertainty quantification based on 4DVar data assimilation for massive simulation models

FSP2019: Frontiers of Statistical Physics

2019

S. Ito, H. Nagao, T. Kurokawa, T. Kasuya, and J. Inoue

Bayesian Inference of Grain Growth Prediction via Multi-Phase-Field Models

AOGS

2019

S. Ito, M. Kano, and H. Nagao

Uncertainty quantification based on 4DVar data assimilation for massive simulation models

StatSeill

2019




S. Ito

Detection of dynamic transition in drying crack patterns based on Bayesian model selection

Seminar of joint research: Royal Society/JSPS collaboration project

2019

S. Ito, H. Nagao, T. Kurokawa, T. Kasuya, and J. Inoue

Bayesian inference of grain growth prediction via multi-phase-field models

NIMS WEEK 2019 Academic Symposium Poster Session

2019

S. Ito, M. Kano, and H. Nagao

Uncertainty quantification for inhomogeneous frictional features in a slow-slipping fault based on a large-scale four-
dimensional variational data assimilation

American Geophysical Union(AGU) 2019 Fall Meeting

2019

2019




2019

2019

Adjoint-based exact Hessian-vector multiplication using symplectic Runge--Kutta methods

2020

S. Ito

Grain growth prediction based on data assimilation implementing 4DVar on multi-phase-field models

StatPhys Seminar

2019




S. Ito, T. Matsuda, and Y. Miyatake

Symplectic-adjoint-based Uncertainty Quantification Method for Large-scale Data Assimilation Problems

AOGS 2022

2022

2022

2022

Second-order adjoint

2022

2022

Symplectic-adjoint-based uncertainty quantification method for large-scale data assimilation problems

JpGU 2022

2022




JpGU 2022

2022

JpGU 2022

2022




