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APPARATUS FOR MONITORING A SWITCHGEAR

FIELD OF THE INVENTION

The present invention relates to an apparatus and system for monitoring a switchgear.

BACKGROUND OF THE INVENTION

Switchgear failures due to hot spots of high temperatures can have dramatic
consequences, for example electric arcs / flash overs that can act almost like
explosions. A method and associated system for monitoring and early warning before
such incidents develop is highly needed and currently not available in an affordable
form, which could be installed as a standard in every switchgear and give enough
information on the switchgear health state. Also, no method or system is available
where images of a switchgear are acquired and transmitted for processing elsewhere
in order to provide such monitoring and early warning. At the moment, using IR sensors
to detect hot spots in circuit breakers, switchgear, and other electrical equipment
requires a lot of very precise calibration to measure the temperature at exactly the right
position. There is also an associated problem of identifying the right region in the IR
image to monitor. A common solution for all switchgear and all circuit breakers within
such switchgear is not possible because of different types and geometry.

There is a need to address these issues.

SUMMARY OF THE INVENTION

Therefore, it would be advantageous to have an improved ability to monitor a
switchgear.
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The object of the present invention is solved with the subject matter of the independent
claims, wherein further embodiments are incorporated in the dependent claims.

In a first aspect, there is provided an apparatus for monitoring a switchgear, the
apparatus comprising:

- an input unit;

- a processing unit; and

- an output unit.

The input unit is configured to provide the processing unit with a monitor infra-red
image of a switchgear. The processing unit is configured to implement a machine
learning classifier algorithm to analyse the monitor infra-red image and determine if
there is one or more anomalous hot spots in the switchgear. The machine learning
classifier algorithm has been trained on the basis of a plurality of different training infra-
red images. The plurality of training infra-red images comprises a plurality of synthetic
infra-red images generated from a corresponding plurality of visible images. The output
unit is configured to output information relating to the one or more anomalous hot
spots.

In this manner, the apparatus can determine if there are hot spots in switchgear and
other electrical components more accurately, because a large training set can be
conveniently generated based on visible imagery and where some of that imagery can
be manipulated in order to provide a training data set that exhibits a greater portion
indicating problems, and in this way this improves the ability to determine if there are
hot spots over a wider range of situations for different switchgears and without human
intervention.

In an example, generation of the plurality of synthetic images comprises utilisation of
an image processing algorithm.

In an example, generation of the plurality of synthetic images comprises utilisation of a
trained image processing algorithm.

In an example, the trained image processing algorithm is a trained style transfer
algorithm.
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In an example, generation of one or more synthetic infra-red images of the plurality of
synthetic infra-red images comprises an addition of at least one hot spot to the one or
more synthetic infra-red images.

In an example, generation of two or more synthetic infra-red images of the plurality of
synthetic infra-red images comprises an addition of at least one hot spot to the two or

more synthetic infra-red images.

In an example, addition of the at least one hot spot for at least one synthetic infra-red
image is carried out manually.

In an example, addition of the at least one hot spot for at least one synthetic infra-red
image is carried out automatically.

In an example, addition of the at least one hot spot comprises utilisation of an edge
detection algorithm.

In an example, generation of plurality of synthetic infra-red images comprises utilization
of a hue algorithm.

In an example, generation of plurality of synthetic infra-red images comprises utilization
of a flood fill algorithm.

In an example, the plurality of visible images comprises image data of a switchgear.

In an example, the plurality of visible images comprises image data of at least one
circuit breaker.

In an example, the monitor infra-red image comprises image data of at least one circuit
breaker.

In an example, the machine learning classifier algorithm is a neural network.

In an example, the neural network is a convolutional neural network.
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In an example, the processing unit is configured to update the training of the machine
learning classifier algorithm comprising utilisation of the monitor infra-red image.

In an example, the training update comprises a manual indication that the monitor infra-
red image comprises no anomalous hot spots or a manual indication that the monitor
infra-red image comprises one or more anomalous hot spots.

In an example, the manual indication that the monitor infra-red image comprises one or
more anomalous hot spots comprises a manual indication of one or more locations in
the monitor infra-red image of the one or more anomalous hot spots.

In a second aspect, there is provided a system for monitoring a switchgear, the system
comprising:

- an infra-red camera; and

- an apparatus for monitoring a switchgear according
to the first aspect.

The infra-red camera is configured to acquire the monitor infra-red image of the
switchgear.

The above aspects and examples will become apparent from and be elucidated with
reference to the embodiments described hereinafter.

BRIEF DESCRIPTION OF THE DRAWINGS

Exemplary embodiments will be described in the following with reference to the
following drawings:

Fig. 1 shows a schematic example relating to a machine learning training process; and
Fig. 2 shows an example of transforming a visible image of the inside of a circuit
breaker into a corresponding infra-red image.

DETAILED DESCRIPTION OF EMBODIMENTS

The apparatus and system enables hot spots in switchgear, for example in circuit
breakers, and in other electrical equipment to be detected through identifying hot spots
in infra-red imagery of this equipment. This is achieved through utilization of a machine
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learning algorithm that has been trained on infra-red imagery, at least some of which is
synthetically generated in order that the training set can be significant enough for the
machine learning algorithm to be able to identify hot spots in different equipment types,
from different vantage points and in different situations. The synthetically generated
infra-red imagery has been generated from visible imagery, and because there can be
limited available real data relating to anomalous hot spots in equipment, hot spots have
been added to the imagery as part of the process of transforming some of the visible
imagery into corresponding infra-red imagery.

Thus this is achieved by apparatus that comprises an input unit, a processing unit, and
an output unit. The input unit is configured to provide the processing unit with a monitor
infra-red image of a switchgear. The processing unit is configured to implement a
machine learning classifier algorithm to analyse the monitor infra-red image and
determine if there is one or more anomalous hot spots in the switchgear. The machine
learning classifier algorithm has been trained on the basis of a plurality of different
training infra-red images. The plurality of training infra-red images comprises a plurality
of synthetic infra-red images generated from a corresponding plurality of visible
images. The output unit is configured to output information relating to the one or more
anomalous hot spots.

According to an example, generation of the plurality of synthetic images comprises
utilisation of an image processing algorithm.

According to an example, generation of the plurality of synthetic images comprises
utilisation of a trained image processing algorithm.

According to an example, the trained image processing algorithm is a trained style
transfer algorithm.

According to an example, generation of one or more synthetic infra-red images of the
plurality of synthetic infra-red images comprises an addition of at least one hot spot to
the one or more synthetic infra-red images.

According to an example, generation of two or more synthetic infra-red images of the
plurality of synthetic infra-red images comprises an addition of at least one hot spot to
the two or more synthetic infra-red images.
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According to an example, addition of the at least one hot spot for at least one synthetic
infra-red image is carried out manually.

According to an example, addition of the at least one hot spot for at least one synthetic
infra-red image is carried out automatically.

According to an example, addition of the at least one hot spot comprises utilisation of
an edge detection algorithm.

According to an example, generation of plurality of synthetic infra-red images
comprises utilization of a hue algorithm.

According to an example, generation of plurality of synthetic infra-red images
comprises utilization of a flood fill algorithm.

According to an example, the plurality of visible images comprises image data of a
switchgear.

According to an example, the plurality of visible images comprises image data of at
least one circuit breaker.

According to an example, the monitor infra-red image comprises image data of at least
one circuit breaker.

According to an example, the machine learning classifier algorithm is a neural network.
According to an example, the neural network is a convolutional neural network.
According to an example, the processing unit is configured to update the training of the
machine learning classifier algorithm comprising utilisation of the monitor infra-red
image.

According to an example, the training update comprises a manual indication that the

monitor infra-red image comprises no anomalous hot spots or a manual indication that
the monitor infra-red image comprises one or more anomalous hot spots.
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According to an example, the manual indication that the monitor infra-red image
comprises one or more anomalous hot spots comprises a manual indication of one or
more locations in the monitor infra-red image of the one or more anomalous hot spots.

As discussed above, the apparatus can be part of a system that has a camera that
acquires the monitor infra-red image and provides this to the processing unit, via the
input unit.

Thus, the described apparatus and system provides a way to analyze the an infra-red
image as a whole without defining regions of interest. It specifically takes into account
the fact that there are different circuit breaker geometries. For this purpose a machine
learning algorithm (e.g. a convolutional neural network) is used. The network is trained
with infra-red training imagery at least some of which has been produced from visible
imagery, and some of that synthetic imagery has had one or more hot spots added to
it. As a result, the expensive human intervention of either calibration or region definition
is eliminated from the process.

The apparatus and system are explained in more detail with reference to a circuit
breaker in a switchgear, but this is just one example and the apparatus and system find
utility to other parts of switchgear and many other types of electrical equipment, where
hot spots can occur and be problematic.

Thus it is convenient to set the scene. There is currently a strong interest in using infra-
red data to assess a circuit breaker's health state, where hot spots are indicative of a
problem and these hotspots are easy for a human to identify and interpret. However,
using skilled technicians and engineers in this manner is very expensive. Machine
learning algorithms are here utilised to achieve this without a human. However,
machine learning algorithms require an extensive training dataset of relevant data, and
this is difficult and expensive to provide. The apparatus and system described here
addresses this situation.

Continuing with the situation prior to development of the day described apparatus and
system, some existing solutions require a very precise calibration of the sensor to look
at the right spot. This means that engineering cost is high. A solution that covers a
larger area still requires a human to identify the right regions to look at.
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Regarding any generic solution that does not require identification of the right areas
(e.g. based on a convolutional neural network), this needs to be robust against the
differences in circuit breaker geometry and function to be useful. However, if the
training network has never experienced certain situations, it is less likely to classify
them correctly. This situation can be referred to as overfitting, and results from the
process of training a classifier neural network as shown in Fig. 1. Basically, the
classifier neural network learns to recognize patterns, which are anticipated to apply to
example situations encountered later. However, if the example is very different from the
original training examples, there is a risk that the neural network will not work, because
certain unique properties of the original data have become part of the patterns.

Overfitting can be avoided by providing a wide range of training data. Ideally, the
training data includes examples of every type of input, which will be encountered in the
future. However, IR images of circuit breakers, especially in a faulty state, are not
readily available and expensive to produce.

Thus, the surprising solution utilised in the apparatus and system described here
involves turning visible-light photos into infra-red images using for example a technique
known as style transfer. Style transfer has been used to transforming a photograph into
a “painting”, where a working principle is to provide a training set of photographs and
corresponding paintings.

However, now for the described apparatus and system the target “style” is an image
that shares many properties of an infra-red image, and again is a visible light image.
Most areas are close to ambient temperature but show some contours simulating
reflected infra-red radiation (see Fig. 2). During the transformation process or
afterwards, a hot spot is added to some of the images to simulate damage occurring in
the circuit breaker.

Thus, the trained style transfer model is used to turn photographs of circuit breaker
interiors into synthetic or fake infra-red images. For a circuit breaker type which is to be
added to the training set of the classifier neural network the following is done:
photographs of the circuit breaker interior are taken, with slight variations in angle and
position. The style transfer process, or a similar transformation process, is then used to
generate both healthy (no hot spot) and faulty (hot spot) images. These are
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automatically labeled and added to the training set. The hot spots can be added, based
on a marker provided by an expert, or based on edge recognition. Hot spots can be
added to the synthetic infra-red image with classical image processing algorithms (hue,
flood fill etc.). Also, real infra-red images can be used for the initial training along with
synthetic infra-red images.
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Claims

An apparatus for monitoring a switchgear, the
apparatus comprising:
- an input unit;
- a processing unit; and
- an output unit;

wherein, the input unit is configured to provide the
processing unit with a monitor infra-red image of a switchgear;

wherein, the processing unit is configured to
implement a machine learning classifier algorithm to analyse the monitor infra-
red image and determine if there is one or more anomalous hot spots in the
switchgear;

wherein, the machine learning classifier algorithm has
been trained on the basis of a plurality of different training infra-red images,
wherein the plurality of training infra-red images comprises a plurality of
synthetic infra-red images generated from a corresponding plurality of visible
images; and

wherein, the output unit is configured to output
information relating to the one or more anomalous hot spots.

. Apparatus according to claim 1, wherein generation of the plurality of synthetic

images comprises utilisation of an image processing algorithm.

Apparatus according to claim 2, wherein generation
of the plurality of synthetic images comprises utilisation of a trained image
processing algorithm.

Apparatus according to claim 3, wherein the trained
image processing algorithm is a trained style transfer algorithm.

Apparatus according to any of claims 1-4, wherein
generation of one or more synthetic infra-red images of the plurality of synthetic
infra-red images comprises an addition of at least one hot spot to the one or
more synthetic infra-red images.
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10.

11.

12.

13.

14,

-11 -

Apparatus according to wherein to claim 5, wherein
generation of two or more synthetic infra-red images of the plurality of synthetic
infra-red images comprises an addition of at least one hot spot to the two or
more synthetic infra-red images.

Apparatus according to any of claims 5-6, wherein
addition of the at least one hot spot for at least one synthetic infra-red image is
carried out manually.

Apparatus according to any of claims 5-7, wherein
addition of the at least one hot spot for at least one synthetic infra-red image is
carried out automatically.

Apparatus according to claim 8, wherein addition of
the at least one hot spot comprises utilisation of an edge detection algorithm.

Apparatus according to any of claims 1-9, wherein
generation of plurality of synthetic infra-red images comprises utilization of a
hue algorithm.

Apparatus according to any of claims 1-10, wherein
generation of plurality of synthetic infra-red images comprises utilization of a
flood fill algorithm.

Apparatus according to any of claims 1-11, wherein
the plurality of visible images comprises image data of a switchgear.

Apparatus according to any of claims 1-12, wherein
the plurality of visible images comprises image data of at least one circuit
breaker.

Apparatus according to any of claims 1-13, wherein
the monitor infra-red image comprises image data of at least one circuit
breaker.
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15.

16.

17.

18.

19.

20.

-12 -

Apparatus according to any of claims 1-14, wherein
the machine learning classifier algorithm is a neural network.

Apparatus according to claim 15, wherein the neural
network is a convolutional neural network.

Apparatus according to any of claims 1-16, wherein
the processing unit is configured to update the training of the machine learning
classifier algorithm comprising utilisation of the monitor infra-red image.

Apparatus according to claim 17, wherein the training
update comprises a manual indication that the monitor infra-red image
comprises no anomalous hot spots or a manual indication that the monitor infra-
red image comprises one or more anomalous hot spots.

Apparatus according to claim 18, wherein the manual
indication that the monitor infra-red image comprises one or more anomalous
hot spots comprises a manual indication of one or more locations in the monitor
infra-red image of the one or more anomalous hot spots.

A system for monitoring a switchgear, the system
comprising:
- an infra-red camera; and
- an apparatus for monitoring a switchgear according
to any of claims 1-19; and

wherein, the infra-red camera is configured to acquire
the monitor infra-red image of the switchgear.
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