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From Awareness to DX
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Fuji Electric's Digital Transformation (DX): Current Status and Future

Outlook
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Diagnostic Solution for Machinery and Equipment That Uses Al for Real-Time Detection of

Defective Products
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The recent increasing demand for quality from end users has necessitated improving the technology for detecting defective
products in machinery and equipment. Fuji Electric has developed a diagnostic solution that can be incorporated into motion
systems to detect defective products during machining operations. The diagnostic functionality is provided as a module of the
“MICREX-SX” and can detect defective products in real time by interfacing with the control application of the machinery and equip-
ment. In addition, it can detect defective products with high accuracy using the load torque monitoring function of the servo ampli-
fier of the Fuji Electric’s “ALPHA7” servo system without adding external sensors.
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Al-Based Thermal EMS Solution that Contributes to the Reduction of CO, Emissions from Steam
Powered Facilities
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In recent years, thermal energy saving in factories has become necessary due to the increasing social demand to reduce CO,
emissions. Fuji Electric has been promoting thermal energy management system (EMS) solutions for factories and has developed
a heat balance analysis system that can quantitatively grasp the heat balance of steam-powered facilities. This analysis system

constantly monitors the thermal efficiency of facilities, and if it detects deterioration in thermal efficiency, it can narrow down the
causes using Al analysis. This enables it to reduce thermal waste that would otherwise go unnoticed by manual management. The
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introduction of energy saving facilities, based on such data utilization, help reduce CO, emissions significantly.
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Vending machine operator business is being required to operate more efficiently and to increase sales per machine to offset
shortages in manpower and saturation of vending machine locations. To improve operation efficiency, Fuji Electric has developed a
vending machine operation service that provides data collection, data viewing, operation support, and data distribution. Using these

features, we provide vending machine operators with visualization, analysis and efficiency, and optimization services, contributing
to improving efficient operations, increasing sales per machine, and reducing equipment costs. We have substantiated the improved

efficiency of operational tasks through demonstration experiments.
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In recent years, it has become increasingly important to ensure the stable operation of production facilities and to reduce the
burden of maintenance work, due to the aging of skilled operators and maintenance personnel and the problems associated with se-
curing personnel. Fuji Electric is contributing to the optimization of the entire life cycle of its customers’ facilities by developing and
providing operation support solutions based on data processed by 10T, Al. As part of our efforts to promote DX, we have developed

a remote monitoring and diagnostic system. With enhanced conventional RAS collection and analysis systems, it links to our O&M
platform, improving equipment availability and reducing maintenance costs.
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O&M Solution That Supports the Total Optimization of Field Operations Using loT
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In recent years, there has been a need to improve operations by effectively utilizing the data stored in various systems in the
field through the introduction of IoT and Al technologies. To effectively use data by integrating and linking data collected in opera-
tion and maintenance management, Fuji Electric has developed an O&M solution, which uses O&M platform. The O&M platform is
built based on ISO 18435 model, which is for interactive use of operation and maintenance information. The O&M solution helps
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optimize equipment maintenance and shorten the time required for disaster recovery.
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Fuji Electric’s Analytics and Al

REF TIE ASANO, Takamasa S8 3Eth WATANABE, Takuya BH7RK £275 SHIRAKI, Takashi

AR, /2D DX NDOHGHADNE L TWD, DX #EHEIC KB BT IS ILEMDO TR T, Al IFZTOHKZEHD i Tb 5,
BEEBEOFFUT O - AL, 5Bik - B - PRI - BB LEST D HMEHENT - BMEE RN ORI TH Y. FLEHKE
T OHEFBEMBAFEICHY A TWD, BilEEiiE UTIET« —F S5 — v Ui AW EREEH ALl Z#H L. 2t
& U TR AN LB ORERE 5 FEHOFILT ) XLEFHE L. FRIERE LU TIET 1 )LYEDS v I/N—EICER U,
BB LT & U Tk, BEERIEOIRBERIFICTF Tv U T 27—y REABEEMi=MIE L.

In recent years, companies have been accelerating their efforts to promote DX. Al is one of the core digital technologies needed
to promote DX. Fuji Electric has developed the basic technologies of Analytics and Al, which is a collective term for statistical analy-
sis and machine learning technologies used for recognition, diagnosis, prediction, and optimization. For recognition technology, we
developed image recognition Al using deep learning; for diagnosis technology, we evaluated five typical algorithms of unsupervised
learning; for prediction technology, we focused on filter and wrapper methods; for optimization technology, we have developed a
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data inconsistency detection technology that checks multiple equipment statuses simultaneously.

1] FAHE

BEOEIRABRBEDOHW LU WELICHIE L., T—9 &5
T IVEMEEH L T B8O Y—EX (T L THE B
B ER7ZE2 DX (FYIIW ST URATH—A—2 3
> ! Digital Transformation) [&. f3¥EEEICHHEE LD
TW3, &Ffz. FEHED [oT (Internet of Things) Hfiid
ERICEY., ZHESHETREDT —INEGCINETED
KDIC7E>TWD, &BIZ. Al (Artificial Intelligence)
EMiOFRICEIY . KRET—YZFNEA U 72 LU UEEEl
ED ANt TED R OAREAEE > TWD, D
DX #EE (C B lg > I Y IVEEMi DR T, Al [FZDOH %
HOEMTHd, INFET. ELEETIF. PFUFq0
2 - AlDBFEEBEU T, BETSY DY T 559
WICBI B F S EAEEMEL TS,

BRI ICH N D &, FA (Factory Automation) 47 %
TlF. BUEERE OMREEHEDENENEE MO S EIO TR
[ZIGA. MEORFEZHEME L T Ny FFOEAM
[ MSPC (Multivariate Statistical Process Control : %
ZRFEHNTOEAEMH) =L, RO FHREDR
BB OMRICERL TSz, RAZL BT 2TV
F-FBROTHTIF. BHEFHMOERICIEZ. —a1—75
IRy h D=2 JIT (Just—In—-Time) FHIZEMHE TR
RU. FROTXIVF—FEHOFRIHEHEL TVWD, &
52, BEFHEEDAY & a1—U A7 a4 A0 LE i
ERlAEHE. TV MESOMAHTZE HEINICZER U
BB O A b & CO, DHIRICEBL TWD, Fiz. ATDT
Sy IRy JARBEICH LT “GIHTES AI” OBH#E%E
fT2C&lee Za—JIRy bD—UHEETRU TAH
ﬁ@iﬁﬁfﬁﬁgf%%ﬂﬁﬂﬁ?éﬁﬁ@%iﬂa‘ﬂb_—"{ —Jg5—=>
2/ (DL) EffizhF L. INET Al DEHDEL D> 7z

Zat - BEEDSBEGTEANOBEHBERZEHEL TWD,

FPFUF IR - Al DEFE

EEEEOFPF U O - Al Sl Bk 2l - T
W - BB LZEAT D 72D D FREHRNT - BEhREE Bl DR
THhd (@D, PFHUF 1O - Al Tl BEZORMN%E
Bk L. FROFKAEFEREZW T 5. TLU T, FROIRE

FFUF4TX - Al

EID) €

OFBFT—IER

oREF—5 ‘t FB7—
|%}EDEJ_D—DE‘/|

O SRREEHLR
o fififERlH
EEZ D U WVEE

IxRILF—FIRDREL =imERDRE L
BREomiEE AMTERDORE( L

1 BXBHEOFPFUT 4 TRX - Al DRFR

(E1) 5« —F>—=>% (DL) : DL I&. Deep Learning O %
THhdD. 71— TS—ZVTEIF. ADkaieg A B L 7=
Za—3xRYy bD—UELELL TEHEKTEE T Bk
TH Do, EIT. HERH. SHERMR. P CBHIND
AlDZILTY XLD—DTHD,

E1TE#IER 2021 vol.94 no.3

168 (42)



il

TERDTFUT s TX - Al

T FPHIU 7z EChatfbadT VO R OHT U WMl & Al 9
%O

2.1 EREEEN

T TIF, XEDER T —F 721U T, ME OHTL
BEEZNT & i D DL £z U | fifrae g ik (“3%
THREDEMIER - HREEEHET S72HDTFA MR
MR 174 XR—TU2M) D, WESBRED BBt
EERBT D,

2.2 B

LW Tk, WETOCAF—HEICH LT, TORH
PRSI (T HE S SFR 1T 1. 3 924 00 #5575 MSPC % .
& U SR D ORI (. BT L RS kA
FIU. M55 T 0t 2 0 B8 O T Ik D B R i 7 & % 52
BB,

2.3 FAIEE

FHITIE. TSV NEAT—YEEICH LT, T—%
DEEFENRITIE. EHEFEET VLA TE DM DL %,
PIEVWRRICIE. PEF—Y THEFTIVEATES JIT F
M%ﬁmb\ﬁ%%jﬁyhﬁ%%%M¢%:tvﬁﬁﬁ
TEDXIEEEHT 2,

2.4 EE(bHE

R TlE. FEERDORA SHED TS MERDOED
HRl 4 7 WS SO FHEHA R VR WS & (S IEBORE A 7 |
BERREA 2 WA DB AR WSACEAY Ea—1
274 O 2%BEHLU. ABOEHAI Y BRERNE TS~
DIEEEBT S,

Fz. BELEEOYZaL—YavEiEFFUFTa o
2 Al ERE L. TIYYILY A UOERICAITTZETIV
MR UT, YT alb—ya v mlAEMizEREELTL
=

B3] ZFUSF TR - Al DFENT

3.1 SRRy

EAED Al Befli O 2 ESR T L Y. /RERDILV—ILNX—
AFETIIEDRETH > AICKLDEETEEDOHT)
fLIZ. DLEMiZEIEUH E L7z Al OB E > T
Wd,

=L@ TIE DL i I WICHA T 2720, 2
F—Y DA RICHE U Tz RiLEE T, PROIEET—972
(FZ A > 72228 (T & D EERAEEM. AL W D AT L
e & DEFFMZFFE L TSz, XIZ. DL iz AW
7= HERFRGR ALl OFEAEH & LT, #N LB IS T2 RE
wvz—ACvI—A)@ﬂﬁﬁﬁ@ﬁ@mvurﬁNgo
(1) Dz—/\DOIEREDHW & HE

ELEEIE. SESIRG/NT BB EEGE L TV
. INBOEBIET T —N\DD, BILTRE. NY—2
BRI, BRI TR, v L TR, 525 - &1k T
CERTCHEEIND, FLRICBVT, FBLX OLRHLFHE
I BH. LEMTHBIREZTV. FREMEZHRETS
THHREREL TWVWD, TOEREREE—RI &I
- L. SEET - ROREFEOEAND. BED
FREIE>TREER/REL. TOCADWEICHELTT
W3 (E®2), fEkKIFE. B¥LEBEEBRERSOEMEHAH
HTHEL TWeledh, THEMEEICE < ORHEZZEL TW
Tzo FTz. BEMIFEICE > THEOIENR G D ZHEAME
NEWE WD TEND > Tc, T Ty RPHERO 53 HHEICH
B Al T T D2 & T 98 - HHEBIEEDA I E
20—y ~or k. JBAEOHERER S 7z,

(2) FIEEROTEIL
BEERELEICIEL TRD A NS Y RMMIE. HD
SOEHL. F—YIRREE ORILE%E U /=%, BEEHR7E
Al TREE—RIEICHEL. TORBRETHIT B,
B3 (oS ROELEIZE R, B3 (@FE&0Oy 2D
WTOT—N\TEDEENRDH > IREEEDOKE T T
Ov hULEISTTHY, EDOY ETIOT—NITEEN
ZL<FEELU TVWDIDER T DI ENTED, B3 D)IFHE

| SI—N | ¢

L] BEE— RCHBULETEIC T« — RNy T ——
| 525?‘21 | a e
| @ﬁfﬁz | — a8 y
| BETIE 3 | _
S At
l —— l : - LELE
| BETHE S | RIREIR BEIRERE Al | e
# A

2 DI/ \DONEFIREDEIREEH Al DEA

BT ERFEFR 2021 vol.94 no.3

169 (43)

(Vw\—%—8UNVUUI7SQUN) XOOHERHT i I



(Vw\—Y—8UNVUUI7SQUN) XOOZERHT i I

BLIERO7ZFUT TR - Al

EEERD
MERZRT

£EB

B 20T Nozing [o:mmA x: BB AREC|
Bl [
(@) YT—N\TEDEEERD (b) DT—N\EASTH
BRI DIEEEAER

3 EHRERE Al [C KD HREROTIRIES!

HHD T —/N\HHNDEDHHE THAEL TWLWBDHAELL 72
Bl TH Y. BN TEH—ICFHEEL TWLWDDH. REDEATIC
ERUTHREL TVWDDOHOZEHER TS D, TDLDIC, &
FEFEAED D BRE OFAEMAZEIT L. SEEH ST
WETOCAERET DT ENAHEEED,

GHIF. AT AT LOEMZBEL T, PFUTA U -
Al OFIED—>TH BT KU T L OB - R
i DBFEET D FE TH D,

3.2 EZREffT
Al Bl = MG TROBEZWICEMA I 2 &Ik > T,
mE R EDSEFURECEHRRL TWD, ESLEKT Iatﬂﬁ
T 0t 258 TEMDB B MSPC T% < DN D 5.
Fle. HHEREERDONR TOREL < ZWiT 2EmMy
BD. BWHRILE BT B AR L TS,
MR IO T 22 Id. SRS T BRI U
TOMREFHI T HE TWT, EY TR EIRT D 0ENG
Do EEOHETHETIEERENETNFES <GV,
ELEETE. EERCRYE ST — DB U
[CHEAL. TFESFLHFEERITLTWS,
AETlE. RICHRTHATE UEEOREW x5 FED
FILT U X L% G il U 72 RIED W TR B,
(a) OCSVM (One Class Support Vector Machine) :
I —RIV EWEFN D IR = F L TR
(b) IF (Isolation Forest) : IRER EIEIFN D if-then
W—ILERX—RZ LTz
(c) LOF (Local Outlier Factor) : IE#F— 4 H5 D
PEBETR2MT
(d) iNEE (Isolation using nearest neighbor ensem-
bles) : IF & LOF &@l& L 7zi2Wi
(e) EnsKnn (Ensemble K- Nearest Neighbor
Algorithm) : HEDFEUUT — I H Sl

GEL XYFIY—UF—HELT 10y hDEF—
YEHAB Uz, FEUTEE TR THMSINDE L. RE.
FENIEEDDIEDHRINFT—9 TH D, IEHHMDT—4
ZFELUTCBHETIIVEMEL.. IR OT—45 D
IEH - BEDBEI TEINEDIHEMRIEL 7z, B4 1.
W E FHEOEWNI LD F1 237 ERIEN D ZWitEsED
g TH 2, F1 AOFPIEHEEHRE (E&HB Lk TIEL
Wi E U7ed$) SHBIE (EENEOHR TIEL WHIBTZ
L7z OFMFEHE T 1 IEVWESZEIHEEN RV, &
Witk A R R D FEIE. HIZRIEE 4 OFBRTIEFT -9y
~DO1IZX U TIELOF AN —4 1w kD02 IZXULT
& EnsKnn T Y., T—9v b EICRBEFELNR
5%, B5 [F. BEMEE PRI E WMz ik L7z J
27 Tdh D, LOF ¥ EnsKnn (&, ZWitEREIEE WA W
IS Eie=IRW

SEDFERHND, =Yty hTEITHRRDOPEN R
BT &L FHEICKIY BRI RS Z & =R TS 2.
F1 AO7O2WEMZ#E 2 E. ZHEROBERARCEH
DY THEYGEFENEBIRTE D, To. INLFEET—
GHAITUFT A ANUHNDIT VI Z P THEBITRZ D L
SEY—IEL TW FETH D,

—o— OCSVM ---e--
1.0

IF --o-- LOF --o-- iINNE —e— EnsKnn |

0.8

0.6

0.4

BFI4ERE (F1 Score)

aZ|

0.2

0 Il Il Il Il Il Il Il Il Il Il
DO1 D02 D03 D04 D05 D06 D07 D08 D09 D10
REEAT—9 v b

R4 HEWFEIEICKDERIEEDLR

—o— OCSVM ---e--
2,500

IF --0-- LOF --0-- INNE —e— EnskKnn

2,000

1,500

1 ,000

SHAEFRE (s)

500

0
D01 D02 D03 D04 DO5 D06 D07 D08 D09 D10
REAAT—I Y b

GE2) JvETRRUT R T Al ETIVAHERULED ELTULB R
DOIFEFHIRED. S F S FAFE R TR OFER & &6 ICZ1k
FHDIEEWD,

X5 HWWFBFECKDZUF—BDOLEER

BT ERERR 2021 vol.94 no.3

170 (44)



il

TERDTFUT s TX - Al

3.3 TRl

BLEETIE. TSV NDOERIEEEXIEIT DH. T
FIF—FBEOHEZ FHTSEMZHAFEL TWVWD, ¥2H
F—IPRDIEWEETHFHEITE S JIT FHID, FHIGEE
HFA TE DMEL DL %5 & R 2 FHIEST L= BT
LTETWB, PHIETIVAKOBRFEOMIC, EDATZE
BEBIRT 20D BBEORWVWTFHIEST ILOERICIFEHEHE
THD, HH. ANEBDERTIE, S—9PV1ITVF+
2 MBFHRBTRICEE T DAGRE B S RITH R Z VIR
I, MFITHBHDSEHOH B CTRMZHEITDIEWND
BB G > 7eo T T BIZIEJIT FHICEIL ClE. 0
PATEERE IS I 720 BEEHEEZ H WM E OERGE
RFEBFL TE TV,

THIT. TFEIF AT (THEH TS D PLHNEER
BIRETHDITAIYHE LSV N—EICEHULE
(B6), TrILYEIF. BRI EICE > EEEN—EME
L ETHNIFANERE U TEHAT D, Sv/N\—klFk. ¥
WA OZMD D RO FHEENEWANEROMEE =
B9,

TNTNDOHEDENEEWGES D720, X>VFv—20
F—&& U T. BETREOEREEDREZ Pl I 2 HE
ZTHE U, ANEBOFEMEIE. FHlleN/z4 429 fEH
DF—HTHd, FPHIFEF. Z<DODANEEERYEDS
T &M 575 PLS (Partial Least Squares) [Alfg% W7z,

RT1IZTPHFERERT, T IYEESv/II—FEOWT
Ne. BEERZ Ul WHEE KL, DI WATERT
A E NS LK TR ENTER, TBHICSv/IN—EIE
T A IV ERY OPEHEEEDINSH > T2,

St%lE. TOEHGEREMZ TS5 FOPHIZREFEED
FHHIADEHZHET S EDIC. BREZHOEEY—IL

BHEIR Z B

EEE
ZH 1 =
M2

(@) FaILIE

| =tosR | [ = 38 |
b) Sv/t—i%
®6 TaILIEESy/IN—EDOHEHE
K1 EEBRACLDFRAREDE L
AT D IO FRE
BRI U 429 4.4%
TAIVETE 23 3.7%
Sy IN—=iE 61 3.1%

ICHBEHITDFETDHD,

3.4 EE{bFl

Z N & T EMS (Energy Management System) [Z
FH U S emEbEEfi Tk, THEDEILOI—F U
FaRMETSVNETILE L TERL. BEF O KD
CO, W'/ & 75 B 7 i mE A (ROl at) =K
HB, ROTEFREMREEC, AL —F—\DHI IV
RADPI—F« U+ FWOHEHIEET> TWD,

TSV NOREEMAERDDEZHICIF. FI TSV HE
FIVERGEBGHHMNEE U TEMbT D, In&Ebia,
FHIBRREIC L DTWE T MDA NRL — & — (T K D EFEFTHH]
BRI E SRR ANEHOHNESZTE5ZD. T
D&M 7Tz UTe L THERFHEEIC L YU RETEERD D,
Fle. REBEEENRHELPHE ML TS HEWETILEED
BHRFEDHA. PSO (Particle Swarm Optimization)
FEDAY 21— AT VAZWEHL. RBEERS T
Wd,

R LRI E DR IS, ANFHBICFEDND>TZY. BRER
BNYTBERWFMAFISERT D EICEY. GHEDE
HRTULTUED, dDdWVIF. dHEBEMFIFHEE<S KT U
THEIRILF— (BIXR) FRMBRICEHSINDHE
AEBREDNERE TR IEDDD. ZOLDFEHE. YA
FTLTVIZFPHRETDOANEFEHEEL. TS —FAEH
ERSIEHDLENSG D, Flee TS—I1F 1 DFTEIFR
BIEWeH, BRUF v IETOILENBY, TVI=
PUVIDTHEDHEZITLEDS EWD LG > 7= (B7),

I T AR ORERT DHEMRICEE DD > BRI,
TEEAFET — YA TREL T — Y DIEEETZ R
TET. COMEZMRRLTVDS (B8, THIT. &D
HIFRISEFEICE YV IRIE L ETx> Te DO ZEREL T, BEKRT
DEREHETSTDELDICT DD, RICRT I DEILR
Z=fT> TWd,

(1) bfER OFIFIF v &

IRELOIRARD LR, D ETREEDS %

RIS D D DREIEDORELICH W T, ETR%ZE X 25

StERR
(Tr—2x1)
SATOIBERRTR U
(r—2X2)
BEIXIR:1EA/ B

(r—2 3) |
ABIRMHR:10H/M/ 8 ]

A 7

| Ewmstm ||~ @t -

[Eme=) |

EERRU
HEHY

FERHS

BIRPR
10 B5H /8

DP.EN
IVIZT
o BEOEREEDZRHN S AN HIRT
o BRI BNIXDTENE

o BEREERZEFERLU TETIVELE

®7 WROTIVIZFUD

BT ERFEFR 2021 vol.94 no.3

171 (45)

(Vw\—%—8UNVUUI7SQUN) XOOHERHT i I



(Vw\—Y—8UNVUUI7SQUN) XOOZERHT i I

BLIERO7ZFUT TR - Al

TEEDRHIER
A 7B
“
F—9
M=
= HREELIT
|_ VAT I
IvIy=7
OEREN BN, BBNTHREERHES fEREN
ORHEREERIC. ETIVEE 4T RohE
105M /8

8 F—IREBGRUERKMEERLCIYIYZFUYT

FFTHEIOFEND. LR E TRE AN X 72k > 723 E %
EDFHENTETFEVWREICTE > TVWDEREKRT &5,
BEKRTRICIE. fRSEEOER S E%Y U2 THEET
B, HEAAREE a7z & FICERh & Ui =
HElE> TWBERETH 2 EHWid 2,
(2) BWEOHIFIF v o

B DB THIFREK A D > 285 A. Bl U 72 3%
T EDHIFIEEDOTF Ty U TIRAB A TS HEWT EHH
Do BIAIF. BOICART KDIT. 3Bl A &%l B DH A
P C DATI & 75D TRIVF—DBE & HHEDORIR (B
WHIRD AHp D ET D, BlAIE FILERZ & A &%
fii B IZ. HAOETRZER CICE5AEE. &b A DR
B. #&fii C ZMAICF = v o L THZENTNOAmEHE
HIRBERK IF WA, TS5 b &ETIEHIREK & 752728
HERT 5D, COEDIC—RIEFICRZTH., &fx
HAADEREIRIVF—RY N T—TFFILE URRERICE
WEHDEDEEE. BHEOBMETF v IR TIFEEM
HIFHEHETH D, TI T IRIVF—RY ND—TEFI
ZENT U CRAGHINOEN DB Z YRR DT &1L Y
AESIE> TODHRARIEBRR L. &5 ICHEBEE DR

AR
i
s
@) BaOBE
LR
A A ISR
®i% B

(b) TESDHS

9 EMREFHINICHSIIZDES - TESDH

BEFERICF v IT DT —IRESmBEMZmzEL T
WHLTWS,

P, BIEDAE ZOWROEH G EEITOBRICT I a
L—2avafid EBEKT S RERERDIFTHIIC
[FTRILF—FRv b D=0 EFILDOERHELE MR 2 L T
WBBEDB >z ULH L. RF— 9 REESHHEMIC
&Ko T EMAHEA G TOI VI ZFP Y VIRDT—%
AR DM, PRI —ICLKDAYT TV ADK
BOHE & 75D,

3.5 FIIINWYAVERRIBZIHODY=Zarv—ray

it

FIGIVY A V& BHED DR OBERE D%
FIYIER EICHEU. UPIVER EOBRET—45 & U
FPIVE A LTHEET DEMD I ETH D, TIYILYA Y
ZHAWD & T BIEDE S OBEDRSROBRENREZE U
FPILY A LTHRT D ENTE. #HDOFHHREICLD
AVFF YRR S OEJED. Bl HEIRIREE R D
CEICELBDE IR IEEDBEBAGEDAIHATEE & %D,

BLEETE BERitzhLELZYIal—Y 3y
xR L TSz, TYYIVHR ETIT D T F S F 70l
S ORESEN COYHNEIEDOYZa L —Y 3 VIEF
FUFA O -AlZMET DI E T, INEFETORE
HEF T, RBEDORFEEHREMBS A T IILD
MR, BICIEFEFTIVILY A YV DOEBRADIGHBHIFT
5,

REFiTlE. TOFIIILY A« VDEBRE BIEZ 7251l &
LT YZTal—YavoORERLEDEHD/INS A—FFE
ERMD, R aL—2a >l PILY A L. Tk
DEEFELEREICT DREEFINVERERiEEDY = 2
L—>aVEMICOWTHRXD,

(1) I35 A—& [HEEEMH

YIZalb—yav(ZiF, FEHERICELY.. EHAEHEEN
TA—LEE GHEaE) & lHHERHEG/NS A—S# (%
LIRfEZx &) BB D RICEDTHIG/NT A —SFEIF. E
HRE>YZaL—Y3 092 ET. BEKTO—DOER
ETxE> TWz,

FIT. ALEMO—DTh 2 RE/EMZEHE L. <
NBEDOINT A=Y HEREMICFEE T DEMZREL =,
YZal—YavoOHNBREEI AT LDIET -5 &
DMEPNRNEZDEDNNSA—YRERET DT & T
YZal—yavoRELSAmELTE,

(2) REEFIVE BB

YZal—3ar Tl BRERDOHEZTETIDDT
RWRHEIDHODD Z ENH D, TOHE. BBDORFAD
SR I B Ig ZZ B N7k ) PILY + LMERE (HICES DNz
RN (SHL1a 5s BN TEHEDKT I 268 =ik
RITBEFETEEh o7z,

Z T BRI B & ol ki L. EE DO
Tal—yarvEiYBERETEHELSKT IDIREEF IV
([CZHad D i w BAFE U7z,

E1TE#IER 2021 vol.94 no.3

172 (46)



il

ELTE|EDO7FUT TR - Al

REEFIL
AFISRA AR
oEERM E5L CREtVYIE
O HERIER Y CEFEYE

B A BE
E

10 REEFILOHERK

HERR REE
(xr3>) L e eya) (¥a—o—2X)
7 =] KRR
— (FHER=ERRE)
TUYE =3
(a) @A
BRI {RIAFRE @
(xr3>) ST (REEFIL)
o - 1RARERIR
= £ — (PC)
U HE o e
(b) iEF&

11 23— —XHHILS DR

10 ICEBRUEERBEESTIVOBRERT ., (REEFIL
. EHBEERITEHET IV EBEEREERIEFHEILEX
USRS NE., 2EEFIIE. ¥YSal—y 3 VOANN
A=Y REBESEMOHEERERTE) =254 TEH L
THARER REEY Il E) 2B TEEF— 9%
2. T4 —TS—Z U TlgE OB E &M > THERT
Do WERHETEIIE. REBGEDNTA—YEREDH
BATH D, BEAFEMCEI > TEFTIVOH I &EEBED
F— Y DEENRNELD LD T, TNED/ITA—ID
BREEZRET D,

CORBMEFTIVICE Y. FHEKFHEINAR L E TR % >
Tal—yay (GHERM : 10s ~ 5min) Z&E#Ek Gi
B  1s BIND) 9§32 &N TSR,

FEWT, AEAMTOBHESA LT, Y3 —Fr—XHDD
Y b O—SOBEERERDS 3 —— s L TR
Wi T 3T & HKE LTz HILS OMRHIZETT .

®11(C> 3 —4—2J HILS OMREFRT, ¥ 3 —~—
AENOREFEDEHOE VU EEFHlT SREEFTIL
AR U CIRAEEEE & U T PC RICHLAAL, 0D PC &
HlHIY - D> & =BT 22 & THIEI~Y 1 OV DREEHA T
TDEDIC LTz, BRBEHABRE OREEDLHBREFOTIUF X
DRI RS TFE DR T D > TWzREE & ER

{#* 3) HILS : Hardware in the Loop Simulation Ol T3, il
HNFO2EH%E PCHICHEIZIMIM>IaL—vDT &
TH D,

BEHAWERBOARBIC G >R T BEEDARL
EDEMFMD. S FIRGEERADREEEOETZE
HEHTEZELDE 272, CNIZKY, SHBDVL>ZEDD
BITRMEREEREF DY 3 —o— 2D, BREICEE U =miEs
o7z a—o—ADRWIFFHKLREE 5D,

[4] HEHWE

ATl ELBBEDODX D ZEKDIFPFIUT 1o
Z - Al IZDW TRz,

FPFUSFTA TR -AlOBEHAIERDZHIC . A -
PoC (Proof of Concept : BE&HKEIE) - 2 - HHE WS
7= AlBAFEDE 7O XIS T2 EEREMOIELFEABLET
5D

StH. PFUT TR - Al OBEEFHTOBIFEDME
PFIYILY A U DHEBIT K > TH LU WEEEHT{iE D&l HA>
HEFEDMFRRICE L TOWSFIETH D,

SEHR

(1) fREGEMIFED. MEAIHEO I P &2 PFUST 1 IR - AL
= LS. 2018, vol.91, no.3, p.169-174.

(2) AW, 8 LEEICH D ERZRIRALO EHEH”. &
KRFEEDHMAL. 2021, S7-5.

(3) ERBGEWIFH. “SERFEIN T O A EHEEME AW
KNFEET S b OREBRA”. BREXBHM KL, 2010,
353.

@) W EBEREFED. Ny FITOEAEIFIMSPCIZSIFDH LW
BEEHE . BRFEECHMAL. 2017, GS7-3.

(5) ABEANZH. YV RLUARY ZAEERLUEZFEETFHIAN
DJITEF U VIO, BRFEXHLEB (B - TxXIL
F—#BMFE) . 2014, vol.134, no.1, p.24-31.

x=F HBIE

T IR B - BRI O BT E
BHFEICHEH, BIfE. & LA SR A
WFIYIA I R—=2 3 VIIRFIT I YT Sy
A =Lty — ALY R—T v —, R
FEEE. ANLHIEEESE,

B4 ¥ath
BEPILI)ZLEZHNHAUEIRIVF IR —T
AV NICBHT 2B (CHEH, BE. S LERK
MR T I YA I RX— 3 VIR T
GIWTSy b TA—Ltrd— Al WIEERERE, &
RFEEH,

BAR =&
I alb—yavE& Al OJCHEEM OWFEBZE CHE
H, BE. & LEERENBIFEART S5 IV1 ) X—
AV ERTIIILNTSY N T —LtEVy—
Al fAZEER AT

BT ERFEFR 2021 vol.94 no.3

173 (47)

(Vw\—%—8UNVUUI7SQUN) XOOHERHT i I



(Vw\—Y—8UNVUUI7SQUN) XOOZERHT i I

ET®#D DX
(FYIIWRSVRTA—A—23Y)

s RIREDIRMIGK « [BFHREFZEHET H1-HD

T+ R ~EREEI

Text Recognition Technologies to Facilitate Technology Transfer and Information Sharing in
Equipment Maintenance
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The aging of the industrial workforce has been creating challenges in the technology transfer and information sharing of experi-
enced workers. As a way of solving these challenges, Fuji Electric has been working on research and development of various text rec-
ognition technologies mainly involving document classification, document summarization, and document aggregation techniques.
We have achieved a significant improvement in recognition accuracy compared with conventional techniques, even when there is
only a small amount of data available in the field of interest, by using a BERT model that has been pre-trained on general-purpose,

large volume data. In particular, we have also evaluated the application of data augmentation techniques in document classification
and have confirmed the effect of further improving recognition accuracy.
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Strengthening Cybersecurity of Fuji Electric
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Fuji Electric aims to contribute to the promotion of customer’s DX by offering products and services that use IoT and digital
technologies. To achieve this goal, it is the foremost importance to ensure that our products and services are secure. To strengthen
our security as a vendor, we have revised our security policy and reinforced the defense system to improve our ability to defend
against and detect new attacks, as well as took security measures for our development processes and factory manufacturing systems.
In addition, we are developing technologies that enhance the security of our products and services themselves.
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Maintenance Support Utilizing Augmented Reality

WA EE KIDO, Takeshi XFN KBl OAKI, Daisuke

BE. PIY—H—ERADTHETIE. AT - AT F U AEBOMNFRMERRBEADNEEREE 6> TWD, FLEEK
Tld. COREZMBRT D72HIT. IREBFE (AR) ZHWRT BN ZHIE L 72, A IE. EENE MR RK
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PR SHAREIN A Y 2 C& T BEOEBZNFRMAML. HR/EL LU THEATE S —EAZHRMT D,

Today’s after-sales service field has been faced with the challenge of improving the efficiency and transferring the skills for
maintenance operations. To address this challenge, Fuji Electric has developed a maintenance support technology that utilizes
augmented reality (AR). This technology includes a superimposed communication function that displays the computer graphics
for work instructions onto the target equipment by converting accumulated expertise in the field to explicit form to present work
instructions concisely and clearly. It also has a spatial sharing function that allows multiple people to share work statuses and a
remote support function for on-site workers. We will provide maintenance support services that allow customers to streamline their

operations and reliably use our products.
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Model Based Systems Engineering for Power Electronics Equipment
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The recent rapid progress of digitalization has led to the development of smart factories, where shorter development times are
required to launch products in a timely manner. Fuji Electric is working on digitization and development process innovation as one
of its initiatives for DX. We have applied model based systems engineering to the development process of power electronics equip-
ment and confirmed that this enhanced process can be used to validate the system in the early stages of development by building a
system simulation environment for, as a verification example, a door system used in railcars, which includes mechanisms, electrical
circuits, and control software. As a result, it is expected to prevent rework, shorten development time, and improve reliability.
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Digital Transformation of Production Line Construction Processes by Utilizing Digital Tools

s £ SHIBUTA, Manabu
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Today’s customization and mass production are both required to respond to customer needs, which vary according to changes
in the social environment. To respond to the diversification of needs and the progress of globalization, Fuji Electric aim to achieve
“autonomously synchronized production” on the basis of the concept of Just in Time (JIT). We have reduced the start-up time for
production lines through the transformation of production line construction processes using digital data and the verification of
automation equipment applying digital technology, contributing to Fuji Electric’s Manufacturing that meets customer requirements.
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Simulation Technology for Acoustic Noise Prediction
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In product development, it is effective to implement front loading, which proactively uses simulation to verify the design in
early stages. However, this method has rarely been used for products required to be low noise because of the huge amount of
calculations required. On the other hand, computers capable of parallel computing and software-based high performance computing
have reduced computation times in recent years, transforming the product development and design process. In this respect, we have
recently developed a simulation technology for front loading to estimate acoustic noise. We have thereby confirmed that optimal

structures can reduce both aeroacoustics and temperature rise, which are in a trade-off relationship.
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Analytical Simulation Using Molecular-Level Calculation for SIC-MOSFET Interfaces
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Fuji Electric uses molecular-level calculation (simulation at a molecular level) technology for research and development to
improve the reliability of power semiconductors, power electronics equipment used in power generation field, such as geothermal
power generation, and gas-insulated switchgear. The molecular-level calculation of SiC power semiconductor devices have clarified
the structure of SiC/SiO, interfaces and the formation mechanism of Si;N structure, which is an improvement factor of characteristics.
By employing our DX that involves these digital technologies, we will speed up product development and improve product perfor-

mance and reliability by analyzing performance improvement mechanisms and searching for manufacturing process conditions in
advance.
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Interaction Analysis of Spatial UV lllumination Intensity and Airflow for Virus Inactivation Technology:
Development Process Transformation Using Simulation
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Recently infectious disease prevention measures have reminded us of the importance of ventilation with outdoor air. However,
the increased amount of ventilation causes the more energy consumption of air conditioning systems in the summer and winter.
Ultraviolet light has attracted attention as a new countermeasure to inactivate virus. However, the verification of the inactivation
effect of ultraviolet light on microscopic viruses requires not only a lot of time but also to safety consideration. As one of the ap-
proaches to DX, we have fast and safely built the interaction analysis of spatial UV illumination intensity and airflow to evaluate the

performance of virus inactivation.
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