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Figure 10. Anomaly score at failure occurrence

Figure 11. Anomaly score after disaster recovery

beam status. In other words, it is known that the sound of the
power supply changes with or without the beam. Therefore,
the As values of 10 to 20 seen in (Figure 9) and after may in-
dicate the presence or absence of a beam. This is estimated by
the coincidence of the time when the As value dropped below
10 after the failure recovery in (Figure 11) and the time when
the continuous beam operation started. This is estimated by
the coincidence of the time when the As value dropped below
10 after the fault recovery in (Figure 11) and the time when
continuous beam operation started.

On the other hand, the oscillations above As=30 may capture
the oscillatory sound change of the power supply. We also
consider it important to accumulate knowledge. It is known
that this failure was a rupture of the inverter. If it becomes
possible to link various causes of abnormalities and abnormal
sounds to them, it is expected to contribute not only to short-
ening the time required for normal restoration, but also to
investigating the causes and taking countermeasures against
failures.

In addition, since anomaly detection by sound can be realized
with simple equipment, various applications are expected.
The scope of applications currently being verified and exam-
ined are shown below.

* Reducing the burden of patrol inspection

* Early anomaly detection

* Mechanization of sensory test

* Prevention of oversight in inspection

» Detection of signs of product quality deteriora-
tion

* Optimizing tool replacement time

3.2. Applications in the space field

Invariant analysis is also used for development purposes. One
of them is the spacecraft Orion (Figure 12) (Orion Spacecraft,
n.d.) used in the Artemis program in the United States.

Figure 12. Orion Spacecraft
(Orion Spacecraft, n.d.)

Orion’s development is short-term period, but it’s a long-term
human ride, so we can’t reduce inspections. The conventional
method in which a person sees and analyzes the information
acquired from 150,000 sensors takes a very long time.
Invariant analysis only shows the differences that occur be-
tween tests and the changes from what is defined as normal,
so it presents only the points that one should see. Therefore,
the time required for data confirmation is greatly reduced.
Lockheed Martin, a manufacturer, focuses on to this point and
integrates SIAT into the analysis platform T-TAURI. It will
also be used for monitoring the operation of artificial satel-
lites in the future.

4. FOR THE FUTURE

Since invariant analysis uses only time series data, it can be
used for various objects. To date, more than 300 verifications
and actual introductions have been carried out in power gen-
eration, food manufacturing, steel, etc. We believe that it will
continue to be applied to new targets.

We are also developing technologies to solve problems in the
field, such as "model-free analysis technology,” which is Al
that does not create models, and “’skill acquisition learning,”
which learns the invisible operational know-how of skilled
engineers. Sensing technologies are also being developed,
one of which is a technology that uses optical fiber as a sen-
sor medium to continuously measure vibration and tempera-
ture over a wide range and without power supply. Combin-
ing these analysis technologies with sensing technologies will
enable early detection of abnormalities in an unprecedented
manner and at an unprecedented speed.
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