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Abstract

An anomaly detection method utilizing machine learning in the SuperKEKB vacuum system is proposed and currently
under development. Regression curves that describe the behavior of pressure under normal conditions (reference data)
with respect to beam current or time are derived using sophisticated and rational models. By employing the ratio of the
root mean square error (RMSE) from the data to be checked (check data) alongside other input parameters, a two-layer
feedforward neural network (FNN) is constructed to categorizes the check data into two classes: "normal" and "abnormal."
The FNN weight parameters, determining the decision boundary, are learned through past abnormal data. The anomaly

detection program for testing is implemented in Python, and its availability is confirmed using actual data.
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Figure 1: (a) A typical one fill, and (b) a typical operation
status in June, 2022, in which the relation between the
check data and the reference data is explained.

22/6/3 22/6/5 22/6/9

AP, « exp (— ﬁ) —exp (— %) @))]

EFRTENTED[3], 22T, Es [T mol ' I EiBfED =3
X — RITEIRTEE(8.314 Tmol ' K, T[KJIT=IET
HD, LU, TN 50 ‘CREEE LKW ERZIE, AP, 13T
LA (AT W4 DT LN EBRAIIT 303> TOB[ 1],
BEBITCEIRE BRI ED AT X, XU TEE N, T
X PIN I3 20T, #h 7, &) P IE — L&
I DR L TR TETIENTES,

P =P, + AP, + AP,

2\ 2
= WO +W11+W2 <N_b>

ZZT wos Wi m [TTEBINTA—=ZTHDH, ZZTiL,
Q)ZET NELT, JIEME D1 2 iR 7Z(Mean Square
Error, MSE)23 i /MZ72 5 SO I ABLIE (R Ak TIE) T
HAHNTA=RE P | [BlF R A R DT2[2], £ DR,
BHZRMEEL T, wos wis wa DT RXTIEO THD
ELTz, ZORMMNT=END GG X it s, 7 —X
oo RS CRENTIE I 7= S e W AR o o 544
TOREMREFER L, 7 —2F 1 MR TRA&EL,
T =BG OR KETD 40%705 95%D&iH O
F—H &N, 40%ELT-D1F, B — LB/ NSNS
B2 OB E BRI (1x1078 Pa)lZ iRV CTWBB AN
ZENRKELIRDTID | KE 95%ICLT-DITE K
BN R £o QWD EE S DMk % 12 L3 D fE )
W5 ThDH(Fig. 1(a)2 ), FHET — & LRl dhij
DB % Fig. 2 (TR T,

3.2 Tail ERO[ENF R
Tail ERDOJEZHOWTIEZE DR B EEZ D, —

2

PASJ2023 WEOB9

VALCCG:D03_L21:PRES
le—7 REF_Strg Abort: 2022-06-19 15:08:34
Measured data
o Measured data used for cal.
o Regression curve

VAHCCG:DO1_H16:PRES
le—7 REF_Strg Abort: 2022-06-19 08:42:58

w
o

Measured data
® Measured data used for cal.
® Regression curve

(-

[ ~ ~
o ° n
Q
[N
o

5
%
%

Pressure [Pa] (3 x reading)
[T
o

Pressure [Pa] (3 x reading)

o
o

o

o

o
°
°

X
0 200 400 600 800 1000 1200 0 200 400 600 800 1000
Beam current [mA] Beam current [mA]

Figure 2: Two examples of the pressure behaviors (pink
and red) and the regression curves (blue) for the Storage
part, where the pink data were used for the calculation.
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Figure 3: Behaviors of pressures (red) and the regression
curve (blue) (a) after and (b) before normalizing the
pressure in the Tail part.
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Figure 4: Two-layer FNN model for the Storage part.
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Figure 5: Two-layer FNN model for the Tail part.
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Figure 6: Typical abnormal pressure behaviors for (a) the
Storage part and (b) the Tail part, in which the red, orange,
and blue curves represent the check data, the reference data
and the regression curves, respectively.
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Figure 7: Learning result of weight parameters for the
Storage part, in which the red and blue circles indicate the
abnormal and normal parameters, respectively. The green
line represents the decision boundary of the classification.
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Figure 11: Examples of the histories of the numbers of
anomalies detected for five vacuum gauges (left), and the
time trends of pressure at the most frequently detected
vacuum gauge and beam current at the corresponding times
(right), for (a) the Storage and (b) the Tail part. The lower
right plot of (b) is an enlarged view of the upper one.
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