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Machine Learning Technology for Automatically Generating Physical Formulas to Enable Predictive Detection
of and Identify Causes of Device Anomalies
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Scrupulous design and manufacturing alone are insufficient to ensure continued safe, secure operation of infrastructure devices that serve as
the backbone of society. Precision maintenance with prediction of anomalies during operation in mind is also vital. The mechanism that triggers
anomalies, however, is complex, making it difficult for conventional technologies to detect anomalous sensor waveforms.

Toshiba Corporation has developed machine learning technology that automatically generates simple physical formulas which estimate device
temperatures from the time series data of multiple temperature measurement points. Physical formulas and phenomena are easy to associate,
making it easy to determine the cause of anomalies. Comparative evaluation of detailed numerical value analysis confirms that the generated physical
formulas can calculate results that correspond well with the detailed numerical value analysis in a short period of time. This technology can estimate
operating temperatures and detect predicted anomalies from changes to identify the cause of such anomalies.
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Acquisition of viable data for verification via detailed numerical
value analysis
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Comparison of estimated temperature results via physical formula
and detailed numerical value analysis

T, K4@)F, BAEELT, FET Ly o LIRME
45°CLOBEV60 CERELIGATHD, FEHEMI
TH, FyT7TORMRIRE BR, ROBEWM L & DR h
i A ORI K B8, FEMBMEAENT & K2

39

%
=



L7z, K40k 24 HDFREBOMEDRIRIL L DI LD
BATHD, ZOLIREGAETDH, WIE FEMEMERNT XX
C—EL7z,

COMEET, ¥EF -2y b2RE T 7-dIcE L2
FEMBAERAT OIS 151%, B0 26 kb D, —i
B CIREHRE D0 DR RREER T 2501F, &
HOBE0 L RO MGG 2 LT 5, P
ERDIDDT — Y MEFDH NH/NS W, EF R
RELRRTHS,

A L7 BRI 224 T, FEL C0ABRIC
BEHHIBATTE, FEMEME AT & A5 O REECEbEic
BEAHETECEDL LR Lz, ARZEDIED, B
22, BB Z D2 BIRICOEA A RER LD, W
AEFEATHL,

4. FHIREN\DEH

B EAT 2 72X o BEYE RIS, EE RO
MBS E L DB RGN, ANERKE, 2o —
THIE L RE DR RS T — st aThds, HilziE, A
Y7o OERTICEREEVEL A ERSL L
T, EOMEEHRIE RN, EABRZHE T - 70 % HI
T&?, Thbt, BEFIOBME, ZOFERFERE
WAL BB 2 B,

K51z, BBz A 7RO FAR2ICENTS
ARX=VERT, 4BEHDLT—EV2—1DI5 1 BB
B AR AR T L2 MET S, AW oY
Az, EFRELKET S, ECYBEXEZEDELT
aDEFERDIET, BiARPIERTHHIEI»%H

EBRE B
; R wrs

o
== R
PERHSHEE U

NT—EY2—)LADFY NT—2 T;w Nﬁv Tee T

~ ~

NKT—EV21—I)LADEERICET S
IR E—=ZDKESHZEL,
3 \
8| 7 —ADERIREERE,

K5, 177 51%2BRDFHEE\DER
RO ERDIET, 4BHH/ T —EV2—1DI5 1 BHEWR
EHEMEAR AR LS LAY 5,

Application to infrastructure device predictive maintenance
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