REPIT=RAEKRT

I |

HE - EXA VT 7iF0RHD
BENYAN—-T1IAIIRATLA

5 #h - 95 KEh - R B
REBTEMMRS WHTER

m kit.ac,]

RET) — IR AEREE O 1 7 MRER, 2024/3/19, RBTEMHEKRT


mailto:masuda@kit.ac.jp

70V MNDEFARN—I YV R TEMAS

MREHBEEAE TS HER TELA /IR HH15,000kmdH 5

14,000

a0 r EELHEFER M TR

nw —FKEEEEL
10,000
& EEAY TS NIYORSN
*j:ﬂ *JE /77 I 0) @ﬂi M < 6,222
4,
- P L, 2,000
, » RER D3 EERR- A | .
Ie] O D H QO VDL QXN AN DN HZ O DO
B T oOO—FDIEEE JUCEC I O S St R OS2 3
X201 ~20128 E(ET—HREE
1EA :}i/ \ u ERERFE PN
po TR Wi u TIETAT
E}EEI’HDAD/D ) MEFE W KA w HATHE
18,000 N =
NEEER AR JEE%*IE
15,000
nEIEE
O HAENMADIL, 20504F12(3951575 AL73Y | #13,30075 A (#9255%) D SRt
O BE#EAOAH1,2005 NEMT DD IZxL . £REFEADIEFIS500H A, BEEAOEH O
9005 AL, ZDFER. S EIE5920%H 55940%IZ 5, 9,000 S
140 BAR e 6,000 h”” ‘ HHH
12777BA N
— zgzﬁé;}\mi‘ 3,000 ||| ||| ||||| |
[29Ns] ' ~ |
12 104675 A —| ?7?9)7;5‘\ VY _s=L ~ A0 , |I|I I IIIIII|
(13.8%) LT TH000E KBS = m e SN Q51550 o [T \
100 TSeal USSO 8§85 853538888E8888%8¢g¢8:
HEAD sejg x| 2EE2o22222222202222 S | %]
| A
80 Z(ZH));:) EEEHIT 821N

EEEBAD (86%)
EEFHAD 84425 A

(66.1%)

XK DMIZERFETABRN23HE
H# T3 2 EARDZ 5L O BIK EF 3£ Ihttps://www.mlit.go.jp/sogoseisaku/maintenance/02research/02_01.html

60 4,930 A

(51.8%)

12118 A

il
____________ 4 "
(68.9%) P ; %‘n,zooﬁitjlf ____________

3k 3 =3 L& & B D 5 Al BE M D #EHs
e Y| SHREEROBELLRIEE - Bk

EEFHAD

40

GE1) TEEFEBRAD FI5~4ROEOAD, (FHAD) FE5ELULOFOAD (GE3) 2005%IF, FMTHEOAOEE]
GE2) () AREEAD, £EFHAD. ERAONTATARAODS EHDEE (GE4) 1950~1969. 1971 IEHMES FLLY

H#t - TETORMRLIPMEVFELY BE(FR2BF2A2IBELERZRBRRHRMRLZER)

RET) — IR AEREE O 1 7 MRER, 2024/3/19, RBTEMHEKRT



7’|:|:/\‘17 FUDE?E?&:ZZ: R TRMEAS

HBEEEEDA Y T SHE - BEW%ZE, BIELIRERLE - EHbDb &,
FRERbBHDICTREH0BRNTZtY hYRIAY NIV RTLADBE
YAN—T 1 IHIVIRTALIL

Eyvay \

AHZ/I—rF—&UTH

7x—RX@a HAN—FEFENST 1« I NILZEM

CAERT B DTNA R - ¥ RF LDEIF puto™® SEEELBHSISES
oot ANy BN - BB - ENIER
Se\ﬁ’poﬁz(
. Al

71— FHADLHD \niera® N, =

FIZIYA Y EF LB 1272
AIHID [ prro231ic
=Ecdm ERRR

IN=FEREET 1IN
IWEBEDRE

Yy IhiEh
7x—XDb 74 IAHIZEED
SHYAN—ZRBIERT 20D @

TINA R« VAT LDFEF

HAI\N—& D0 I HILDIERBEORIGICES

ARy ~/MBIYYN—E/ TIINI1Y
RET ) - SR AEEEEE 7OV 17 MRESR, 2024/3/19, REBLEMHERS 3




e /

T — iR AE B TEMHAS

B YA/ —ZRENS T IDILZERAN [ —Da])
MIBZEREANDREEIN O & LTty YFJ0OMmy k- RO—VOD
Bk (188 - &)

B D« IAILERHSHAIN—ZREN [72—Db)
MANBEVZFDEDZEIE - STEERE ULTT—YBELESUNIE
HEITISEHNEZELY YRV D=2 (8@ ; VUL K SERER)

B REGTFADZHDOTIZILVAY [71T—X?)

KX A VEERERET 27 I VIV A VERBHAALEMLFAETIL
(18@) , EEFIIILVAY (G1)

R ) —> SR EREEE OV 7 MRESR, 2024/3/19, REP L =MHE RS 4



e /

T — iR AE B TEMHAS

B YA/)I\—ZREHNS T INDILZEREAN [7—Da])
MIBZEREANDREEIN O & LTty YFJ0OMmy k- RO—VOD
Bk (188 - &)

B D« IAILEELSHAIN—ZREN [7—Db])
MANBEVZFDEDZEIE - STEERE ULTT—YBELESUNIE
HEITISEHNEZELY YRV D=2 (8@ ; VUL K SERER)

B REGTFADZOHDOTIZILYAY [71T—XQ)

KX A VEERERET 27 I VIV A VERFHAALEMLFAETIL
(1E@) , EEFIIILVAY (G1)

R ) —> SR EREEE OV 7 MRESR, 2024/3/19, REP L =MHE RS 5



TV vic &k BFm Tl

)<l-'l-

N/

REPIT=RAEKRT

Bah\ D B P E DFF6D

gig:l

BNDWRDBE

ECRE/ B/ N5

P, EERSRT)

B A () CHBEHIERLGDIE
B XA VEKREFE GET,

B ZHRGEEERYF VA (Mo
RNifomREF o RIFSESDIBBIGE

v

RXAVUNERBZ->THIES
DRE - EEHEF (T

(EANDRS - RIgt - 77 HIAH)

E DR DISE

7 :
https://koyo jtekt.co.jp/support/fag/article/001667.php

v UKF/Lasso

—

IRENCVUT—HID5
BmANDERRETHELE

) (t)[
EE8RT— QﬂBQLE%?uj(ﬂfﬁ%)

Time (min)

Outer race angle 6/m
SWmIREIYT
FET) -V TN EEEEE T O Y T 7 MRS

f®),6:()

10°

Time ( m|n)

Spatial mapping of f®
fo(6), £:(6)

Estimation revolution angle of cage

6c(8)

]

Inner race angle (2%

ARBETY T

=, 2024/3/19, RE T =MHERZ

f®
f(®
fi(©)

o
‘€100
72
103 03
10

o4

BOZZERUICEZOT

=T
e

XA VikFEE
PR L2 IBER

l Transformer

MLIC K BEE
v+ AEE

* Transformer

LE%MJ £ 7_'\\} './

v

RED T




- \ /,

T — iR AE RBTEMHAS

B YA/)I\—ZREHNS T INDILZEREAN [7—Da])
MIBZEREANDREEIN O & LTty YFJ0OMmy k- RO—VOD
Bk (188 - &)

B D« IhILE@HSsHAIN—ZREAN [7—XDb]
MARBEMZFDEDZEIK - STIEERE LTT—YBIEELESNIE
HIISEFNEEBEELVYYRYEND—2 (8@ ; D UELL 2ERA)

B REGTFADZHDOTIZILVAY [71T—XQ)

KX A VEERERET 27 I VIV A VERBHAALEMLFAETIL
(18@) , EEFIIILVAY (G1)

RET) — IR AEREE O 1 7 MRER, 2024/3/19, RBTEMHEKRT 7



N/

SN EREE YRy NTD—D R TS AS

\3

VDL SICHRRE2ED RO BHCHEESNI
2FRNAEBICED < RIHAHT

Humanized machines/structures

107 sensory receptors

A
106
VY EBEEEZIVITIXLDOMENLHE
HEDLE-ERETHREDO7 7O0—F ’

1
o 17,000 mer receptors
= ‘7 it
S o4 -
= 10 Technological gap &
S~
O W : Anemometer (SHM-DAQ) S : Strain sensor (SHM-S) - . l} i _/_\_
‘é’ 1083 Jindo bridge, Korea (2011) ‘ mL
) 669 sensor channels oih }4__
:f (incl. non-structural) J e
5 \ &g e /L
* 102 S

Mechanoreceptors for human tactile
https://doi.org/10.3389/fnins.2018.00322
101 103 sensors/ plant (incl. non-structural)
>
Past 1990- Present Future

Density of sensor deployment for SHM
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B  What technologies can enable > 105 sensor density?

past(1900) | Curent | Fuure

Density 101 nodes/str 102~103 nodes/str  105~106 nodes/str
Wired Battery Self-powered
Wired Wireless
Data comm : : ?
aggregation aggregation
Computing Centralized Edge+Cloud ?
| |
| |
v Tree topology v" Hierarchical topology
v' Collected data are aggregated at a v Computational resources are allocated
single location and computed to sensor or intermediate node
v" Concentration of data will saturate v Rich computational resources at
network and computational resource sensors, which increase power supply
as the increase of the sensor nodes cost and maintenance cost, may limit
and more use of higher frequency data scalability
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“Making a physical brain on the structure”

Conventional sensor networks Elastic wave field neural networks
Target structure . Target structure @

Sensors e //a'm\ ©

_{' Physical §.

Data trans&mis ion/ computation B
(o]

atjon

commun p S—> —ll
k - /l Neu.rons .@ T

» Need for data * No communication with every sensor
readout from * No data aggregation
i Data aggregation * No rich computation 2
outside the structure ggreg Decision

p [N\ o * Neurons "communicate” each other
1\;{3(\3mputatl0n r. Decision via elastic wave field of the structure
e~

% 4 - Network dynamics is governed by
structural health conditions
B We proposed to use the structure itself as a computational resource

B This is done by building a neural network on the structure using the elastic wave field
as a medium
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Active sensor node
as a neuron

nodes as “neurons’
Waves Input mOutput /Wa:,es ® Neuron reads wave field and
> —\Neuron )|—— > radiates elastic waves
/ X:;::Ireelfnp E)’;zgat'on\ ® Neurons form a fully-
connected Hopfield network
on the host structure

OW

W

S Neuron i

- W
v
S Neuron| Neurons are
connected via structure

v’ Structural dynamics

B Deploying active sensor

plays a role
Neurons on the host structure form an of "coupling weights”
elastic wavefield neural network (EWFNN) between neurons
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Because this network is a continuous-time
fully-connected Hopfield network...

v" It will have attractors (point or limit cycle)

v Change of structural dynamics changes
coupling weights, and may trigger a
bifurcation between different types of
attractors
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B Assuming that the network is operating in a single frequency

B Then, network response is represented by a complex

amplitude (or phaser) #&s&Hopfield network N SANICREERTEER
__Continuous-time, complex neuron B Tzt -3ERE A~
] k BEYE IR
| | B RSP ERSIRIZEFO D A+
Wi 1 U tanh | f =

Neuron affects only on the amplitude (phase is prevented)

Wa(t) = (D) fu(t) = fult)e™!

dit,, (t . .
Tn Q + Uy, (1) = W, (t) + Bn
dt
Jn(t) = n tanh(om |tn ()])n (t) /] Gn (1))
Amplitude altered Phase preserved
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f Output forces from all neurons

1
fzs

e R Actvo sonsor | Jo
: connecting medium | Input as nth neuron Output
. wave to force of
fN nth neuron nth neuron
fin
Input force Connections between N neurons
to network

N
Wy, () = S: Grm(Wo) frn (t) + G (wo) fin
m=1 FRF between neurons

Overall dynamics: autonomous system with nonlinear term

dil,(t) ()
L 12 (1)

A AR TRER  + G™wo)fin+B (n=1,...,N)

These terms can be eliminated by training the bias

N
+ (1) = ) Gun(@o)ym tanh(@ul i (1)

m=1
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da(t
T dEf ) + a(t) = Re [AMw,)] ¥ (a(t)) ODE for amplitude
By investigating the stability of the 30 w1
equilibria of this system, we found that 201
g 107 1/y/(0)
When Re [A(w,)] > 1/y/(0) s .
-10 -
the neuron amp is attracted to a limit cycle 20l y'(0) = Z an7n|¢n|2
» The network shows modulated response 30 =1 .
0 0.5 1 15

Normalized frequency w,/wy

‘ Hopf bifurcation

/ [ ] When the operating frequency is slightly
When Re [A(wo)] < 1/¢7(0) lower than the natural frequency, the

_ network shows modulated response
the neuron amp is converged to zero

m) The network shows steady-state response [ ] Otherwise, the network shows steady-state
response

E—bIVTSA7 Y ADEERE R OTRERRHED K/\BER

YVTIRBARE (RyTRlR) (C)RE
KAV P R595 © USy M1
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‘ Simply-supported thin plate

£l
Excitation neuron
Neuron 2
35 ©
°le Neufon 4
S
:]: g Neufon 3 °
S
g ﬁ Neyror] 1
<
0.15L,
0.35L,
0.45L
0.75L,
0.8L,
Ly

Results (w,=0.98wy)

(2,2)-mode shape

O

Excitation neuron 04

Neuron 2

. 02

Neuron 1

0 02 04 0.6 08 1 12 14

Parameter values

Description Symbol | Value
Dimensions of plate L. 1.4

1

v

Natural frequency of (2,2) mode | ws 6.04
Modal damping ratio Cr 0.01
Modal mass mi 1
Time constant of neuron T 10
Input gain Qan 2
Output gain Tn 1

VEv hYADILICIRS]

Results (wy=09w;) RAVEFrSH%(CRS]

w(t)

; - CYCIGS 2 W
L5 0
-2

0 500 1000 1500 2000
t

w(t)

01 Point attractors 0

2
-0.2

005 0 500 1000 1500 2000

t
0

02
0
-0.2

w(t)

0.
0

w(t)

0 500 1000 1500 2000 0.1 0 500 1000 1500 2000
15 t t
-2.5 -2 -1.5 -1 -0.5 0 0.5 1 1.5 2 —_ 2 -0.15 -0.1 -0.05 0 0.05 0.1 0.15 . 02
(a) Loci of complex amplitudes. 2 (a) Loci of complex amplitudes. 02
. 0 500 1000 1500 2000 . T T T " 0 500 1000 1500 2000
t [ t
5 2 32 ] _ 02
° =9 M = T o0
-0.2
2 : : : ‘ = FhHK 7iN 757 = VAN *A
| BERBEOEET R SOSTE LTRE | 0w e a
a
(b) Modal activation function. (C) Temporal Tesponses. (b) Modal activation function. (c) Temporal responses.
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