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Abstract

The X-ray free-electron laser facility, SACLA, has a large number and variety of sensors, which are effectively used
to ensure the stable operation of the facility. However, due to the large number of sensors, some data are not fully utilized.
In addition, there are many analog gauges that must be read visually. We investigated some machine learning techniques
to make use of such sensor data and instruments and to improve maintainability and inspection efficiency. We selected
the following three tasks: (1) estimation of the remaining life of thyratrons, (2) estimation of the downtime after a
suspension of operation, and (3) numerical reading of analog flowmeters. For (1), we applied Bayesian learning to the
number of abnormal self-discharges and developed a tool to alert an end-of-life thyratron. For (2), the downtime was
estimated from many status bits by using a dimensionality reduction and the decision tree algorithm. For (3), analog
flowmeters were recognized by a convolutional neural network and the value was read by a rule-based algorithm. This
paper presents the prototype applications and evaluation results of these efforts.
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Figure 1: Application screen of user standby time

estimation.
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Figure 2: Application screen of analog flowmeter reading
numerical values.
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Table 1: Excerpts of Abnormal Thyratrons Detected by
Failure Prediction

Date Units over 95% interval
2022/4/18 CBI11-2

2022/4/27 CB03-2, CB11-4
2022/7/4 CB03-1,CB17-3
2022/7/12 CB03-1, CB17-3, CB18-1
2022/7/31 CBI16-2

- CB11_4 -

Figure 3: Cumulative counts of abnormal self-discharges
and 95% interval.
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Figure 4: Scatter plots of estimated time (second) and
measured time (second).
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Figure 5: Camera equipment installed near the flow meters
in the SACLA klystron gallery.
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Figure 6: Trend graphs of flow meter readings.
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