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57 ABSTRACT

A system and method includes an infrared camera; a pro-
cessing unit; and an output unit. The infrared camera is
configured to acquire a plurality of infrared images of the
device, wherein the plurality of infrared images comprises a
first infrared image and a second infrared image acquired a
time period after the first infrared image. The processing unit
is configured to determine a pixel in the first infrared image
with a hottest temperature and determine a pixel in the
second infrared image with a hottest temperature. The
processing unit is configured to determine a first number of
pixels in the first infrared image that have a temperature
within a threshold temperature of the hottest temperature of
the first infrared image and determine a second number of
pixels in the second infrared image that have a temperature
within the threshold temperature of the hottest temperature
of the second infrared image.
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1
SYSTEM FOR MONITORING A DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

This patent application claims priority to European Patent
Application No. 21169360.1, filed on Apr. 20, 2021, which
is incorporated herein by reference.

FIELD OF THE DISCLOSURE

The present disclosure relates to a system for monitoring
a device such as a switchgear or motor and to a method for
monitoring a device.

BACKGROUND OF THE INVENTION

Infrared (IR) images can be used to identify technical
problems within electrical equipment (e.g. switchgear) that
leads to overheating of components. However, while a
human is quite capable of recognizing hot spots, automated
systems require specific configurations to be able properly to
recognize the problems. A typical approach is to identify a
region of interest for each phase. These regions can then be
compared. If one is significantly hotter than the others, a
fault has occurred.

There are several drawbacks to this approach. First of all,
the phases have to be identified in the IR image manually for
each model and rating of switchgear. This is a time con-
suming, expensive and error-prone process as the exact
position of the phases in the IR image depend on many
switchgear specific parameters (panel size, current rating,
internal structure) as well as camera specific parameters
(field of view, resolution, and manufacturing tolerances of
optics). Second, any hot activity outside the defined region
of interest will be ignored, so any mistakes reduce the
efficiency of the algorithm, and any developing problem in
a different component will not be detected. Thirdly, a
modification of the switchgear during a service task in the
field may influence the identification of phases in the IR
image, and/or any movement or change in alignment of the
camera’s field of view leads to a change of the position of
the regions and to incorrect operation.

BRIEF SUMMARY OF THE INVENTION

It would be advantageous to have an improved system for
processing the IR image of electrical equipment to action-
able information.

The present disclosure describes a system and method
relating to monitoring a device such as a switchgear, but
finds utility in other electrical system than can suffer from
components that overheat such as motors. These different
apparatuses, system or devices are generically termed as
devices in the description that follows.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWING(S)

Exemplary embodiments will be described in the follow-
ing with reference to the following drawings.

FIG. 1 shows a detailed workflow relating to an example
of the processing undertaken to determine a fault in a device
such as a switchgear in accordance with the disclosure.

FIG. 2 shows the number of pixels in an image for
examples of normal (healthy) and faulty situations in accor-
dance with the disclosure.
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FIG. 3 shows the change in the number of pixels in an
image within a threshold of the maximum temperature for
examples of normal (healthy) and faulty situations in accor-
dance with the disclosure.

FIG. 4 shows a representation of a series of maximum
temperature versus for different operational scenarios for
normal (healthy) and faulty situations in accordance with the
disclosure.

DETAILED DESCRIPTION OF THE
INVENTION

FIGS. 1-4 relate to a system for monitoring a device and
a method for monitoring a device.

In an example, the system for monitoring a device com-
prises an infrared camera, a processing unit, and an output
unit. The processing and output units can be implemented in
hardware and/or software without regard to the functions
performed. Each unit can be implemented separately or both
units can be implemented in a single computer that includes
dedicated hardware or shared hardware and/or software with
other controllers. The units can be virtual machines operat-
ing on a cloud platform. In the disclosed embodiments, the
processing and output units are capable and configured to
execute computer executable instructions that are stored on
tangible media. Each unit may include a processor operably
associated with memory that is permanent and/or non-
transient, and least temporarily during operation.

In the illustrated embodiment, the infrared camera is
configured to acquire a plurality of infrared images of the
device. The plurality of infrared images comprises a first
infrared image and a second infrared image acquired a time
period after the first infrared image. The processing unit is
configured to determine a pixel in the first infrared image
with a hottest temperature and determine a pixel in the
second infrared image with a hottest temperature. The
processing unit is configured to determine a first number of
pixels in the first infrared image that have a temperature
within a threshold temperature of the hottest temperature of
the first infrared image and determine a second number of
pixels in the second infrared image that have a temperature
within the threshold temperature of the hottest temperature
of the second infrared image. The processing unit is con-
figured to determine a temperature magnitude comprising
utilization of the hottest temperature in the second infrared
image and/or a hottest temperature in a different infrared
image of the plurality of infrared images acquired at a
different time to the second infrared image. The processing
unit is configured to determine a rate of change of tempera-
ture comprising utilization of the hottest temperature in the
second infrared image and the hottest temperature in the
different infrared image and a time duration between the
acquisition of the second infrared image and the acquisition
of the different infrared image. The processing unit is
configured to determine that a hot spot exists in the device
and/or a hot spot is developing in the device comprising
utilization of:

a comparison between the first number of pixels and the

second number of pixels; and

the temperature magnitude and the rate of change of

temperature; and
The output unit is configured to output an indication of a
fault in the device on the basis of the determination that a hot
spot exists and/or is developing.

In an example, the temperature magnitude is the hottest
temperature in the second infrared image.
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In an example, the temperature magnitude is the hottest
temperature in the different infrared image.

In an example, the temperature magnitude is an average
of the hottest temperature in the second infrared image and
the hottest temperature in the different infrared image.

According to an example, the different infrared image is
the first infrared image.

According to an example, the different infrared image was
acquired at a time between the first infrared image and the
second infrared image, or the second infrared image was
acquired at a time between the first infrared image and the
different infrared image.

According to an example, the time period between acqui-
sitions of the first infrared image and the second infrared
image is greater than the time duration between acquisitions
of the second infrared image and the different infrared
image.

According to an example, the threshold temperature is a
fixed temperature offset.

According to an example, the comparison between the
first number of pixels and the second number of pixels
comprises a determination of a pixel count difference equal
to the second number of pixels subtracted from the first
number of pixels.

According to an example, the determination that the hot
spot exists in the device and/or the hot spot is developing in
the device comprises a comparison of the pixel count
difference with a threshold pixel count number

According to an example, the threshold pixel count num-
ber is fixed.

According to an example, the threshold pixel could num-
ber is a function of the hottest temperature in the first
infrared image and/or in the second infrared image.

According to an example, the determination that the hot
spot exists in the device and/or the hot spot is developing in
the device comprises an analysis of one or more of: a shape
of at least one region within the determined pixels in the first
infrared image and second infrared image; a size of the at
least one region within the determined pixels in the first
infrared image and second infrared image; a position of the
at least one region within the determined pixels in the first
infrared image and second infrared image.

According to an example, the determination that the hot
spot exists in the device and/or the hot spot is developing in
the device comprises a determination that a region in the
second infrared image is smaller than a corresponding
region in the first infrared image.

According to an example, the determination that the hot
spot exists in the device and/or the hot spot is developing in
the device comprises a determination that a number of
regions in the second infrared image is smaller than a
number of regions in the first infrared image.

In an example, the determination that the hot spot exists
in the device and/or the hot spot is developing in the device
comprises a determination that the number of regions in the
second image is one.

In an example, the device comprises two or more com-
ponents of the same type that are loaded with substantially
the same current; wherein the determination that the hot spot
exists in the device and/or the hot spot is developing in the
device comprises one or more of: a shape of a first region
within the determined pixels in the second infrared image is
different to a shape of a second region within the determined
pixels in second infrared image; a size of a first region within
the determined pixels in the second infrared image is dif-
ferent to a size of a second region within the determined
pixels in the second infrared image; a position of a region
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within the determined pixels in the second infrared image is
not associated with a position of the two or more compo-
nents; a number of regions within the determined pixels in
the second infrared image is less than a number of the two
or more components.

In an example, the determination that the hot spot exists
in the device and/or the hot spot is developing in the device
comprises a determination that there is only one region
within the determined pixels in the second infrared image.

In an example, the determination that the hot spot exists
in the device and/or the hot spot is developing in the device
comprises a generation of at least one binary image, wherein
the determined pixels in the first and second infrared images
are given a different binary value to the remaining pixels in
the at least one infrared image.

According to an example, the determination that the hot
spot exists in the device and/or the hot spot is developing in
the device comprises utilization of a machine learning
algorithm

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

According to an example, the plurality of infrared images
were acquired at different times. The processing unit is
configured to determine a pixel in each of the plurality of
infrared images associated with a hottest temperature in each
of the plurality of infrared images. The processing unit is
configured to determine a number of threshold pixels in each
of the plurality of infrared images associated with a tem-
perature that is within the threshold temperature of the
hottest temperature in each of the plurality of infrared
images. The determination that the hot spot exists in the
device and/or the hot spot is developing in the device
comprises a determination of a rate of change of the number
of threshold pixels with time.

In an example, the determination that the hot spot exists
in the device and/or the hot spot is developing in the device
comprises a comparison of the rate of change of the number
of threshold pixels with time against a baseline rate of
change of the number of threshold pixels with time.

In an example, the device comprises at least a part of a
medium voltage switchgear or comprises a motor.

In an example, the processing unit is configured to predict
a temperature at a location of the device associated with the
pixel in the second infrared image with the hottest tempera-
ture comprising utilization of the temperature magnitude and
the rate of change of temperature and a correlation. The
correlation is a correlation of a plurality of temperature
magnitudes and a plurality of rate of change of temperatures
with a plurality of hotspot temperatures. The determination
that the hot spot exists in the device and/or the hot spot is
developing in the device comprises utilization of the pre-
dicted temperature.

In an example, the determination that the hot spot exists
in the device and/or the hot spot is developing in the device
comprises a determination that the predicted temperature
exceeds a threshold temperature.

In an example, the processing unit is configured to select
the correlation from a plurality of correlations of different
operational scenarios for the device. Each of the plurality of
correlations is a correlation of a plurality of temperature
magnitudes and a plurality of rate of change of temperatures
at the sensor location with a plurality of hotspot tempera-
tures at the location.

In an example, each of the plurality of correlations is
determined through experiments or through simulations.

In an example, a method for monitoring a device com-
prises:
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acquiring by an infrared camera a plurality of infrared
images of the device, wherein the plurality of infrared
images comprises a first infrared image and a second
infrared image acquired a time period after the first
infrared image;

determining by a processing unit a pixel in the first

infrared image with a hottest temperature and deter-
mining a pixel in the second infrared image with a
hottest temperature;

determining by the processing unit a first number of pixels

in the first infrared image that have a temperature
within a threshold temperature of the hottest tempera-
ture of the first infrared image and determining a
second number of pixels in the second infrared image
that have a temperature within the threshold tempera-
ture of the hottest temperature of the second infrared
image;

determining by the processing unit a temperature magni-

tude comprising utilization of the hottest temperature in
the second infrared image and/or a hottest temperature
in a different infrared image of the plurality of infrared
images acquired at a different time to the second
infrared image;

determining by the processing a rate of change of tem-

perature comprising utilization of the hottest tempera-
ture in the second infrared image and the hottest
temperature in the different infrared image and a time
duration between the acquisition of the second infrared
image and the acquisition of the different infrared
image;

determining by the processing unit that a hot spot exists

in the device and/or a hot spot is developing in the

device comprising utilizing:

a comparison between the first number of pixels and the
second number of pixels; and

the temperature magnitude and the rate of change of
temperature; and

outputting by an output unit an indication of a fault in
the device on the basis of the determination that a hot
spot exists and/or is developing.

In an example, the temperature magnitude is the hottest
temperature in the second infrared image.

In an example, the temperature magnitude is the hottest
temperature in the different infrared image.

In an example, the temperature magnitude is an average
of the hottest temperature in the second infrared image and
the hottest temperature in the different infrared image.

In an example, the different infrared image is the first
infrared image.

In an example, the different infrared image is not the first
image and the different infrared image was acquired at a
time between the first infrared image and the second infrared
image, or the second infrared image was acquired at a time
between the first infrared image and the different infrared
image.

In an example, the time period between acquisitions of the
first infrared image and the second infrared image is greater
than the time duration between acquisitions of the second
infrared image and the different infrared image.

In an example, the threshold temperature is a fixed
temperature offset.

In an example, the comparison between the first number
of pixels and the second number of pixels comprises a
determination of a pixel count difference equal to the second
number of pixels subtracted from the first number of pixels.

In an example, the determination that the hot spot exists
in the device and/or the hot spot is developing in the device
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comprises a comparison of the pixel count difference with a
threshold pixel count number.

In an example, the threshold pixel count number is fixed.

In an example, the threshold pixel could number is a
function of the hottest temperature in the first infrared image
and/or in the second infrared image.

In an example, the determining that the hot spot exists in
the device and/or the hot spot is developing in the device
comprises an analysis of one or more of: a shape of at least
one region within the determined pixels in the first infrared
image and second infrared image; a size of the at least one
region within the determined pixels in the first infrared
image and second infrared image; a position of the at least
one region within the determined pixels in the first infrared
image and second infrared image.

In an example, the determining that the hot spot exists in
the device and/or the hot spot is developing in the device
comprises a determination that a region in the second
infrared image is smaller than a corresponding region in the
first infrared image.

In an example, the determining that the hot spot exists in
the device and/or the hot spot is developing in the device
comprises a determination that a number of regions in the
second infrared image is smaller than a number of regions in
the first infrared image.

In an example, the determination that the hot spot exists
in the device and/or the hot spot is developing in the device
comprises a determination that the number of regions in the
second image is one.

In an example, the device comprises two or more com-
ponents of the same type that are loaded with substantially
the same current; wherein the determination that the hot spot
exists in the device and/or the hot spot is developing in the
device comprises one or more of: a shape of a first region
within the determined pixels in the second infrared image is
different to a shape of a second region within the determined
pixels in second infrared image; a size of a first region within
the determined pixels in the second infrared image is dif-
ferent to a size of a second region within the determined
pixels in the second infrared image; a position of a region
within the determined pixels in the second infrared image is
not associated with a position of the two or more compo-
nents; a number of regions within the determined pixels in
the second infrared image is less than a number of the two
or more components.

In an example, the determining that the hot spot exists in
the device and/or the hot spot is developing in the device
comprises a determination that there is only one region
within the determined pixels in the second infrared image.

In an example, the determining that the hot spot exists in
the device and/or the hot spot is developing in the device
comprises a generation of at least one binary image, wherein
the determined pixels in the first and second infrared images
are given a different binary value to the remaining pixels in
the at least one infrared image.

In an example, the determining that the hot spot exists in
the device and/or the hot spot is developing in the device
comprises utilization of a machine learning algorithm

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

In an example, the plurality of infrared images were
acquired at different times, and wherein the method com-
prises determining by the processing unit a pixel in each of
the plurality of infrared images associated with a hottest
temperature in each of the plurality of infrared images, and
determining by the processing unit a number of threshold
pixels in each of the plurality of infrared images associated
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with a temperature that is within the threshold temperature
of the hottest temperature in each of the plurality of infrared
images, and the determining that the hot spot exists in the
device and/or the hot spot is developing in the device
comprises determining a rate of change of the number of
threshold pixels with time.

In an example, the determining that the hot spot exists in
the device and/or the hot spot is developing in the device
comprises comparing the rate of change of the number of
threshold pixels with time against a baseline rate of change
of the number of threshold pixels with time.

In an example, the device comprises at least a part of a
medium voltage switchgear or comprises a motor.

In an example, the method comprises predicting by the
processing unit a temperature at a location of the device
associated with the pixel in the second infrared image with
the hottest temperature comprising utilizing the temperature
magnitude and the rate of change of temperature and a
correlation, where the correlation is a correlation of a
plurality of temperature magnitudes and a plurality of rate of
change of temperatures with a plurality of hotspot tempera-
tures, and where the determining that the hot spot exists in
the device and/or the hot spot is developing in the device
comprises utilizing the predicted temperature.

In an example, the determining that the hot spot exists in
the device and/or the hot spot is developing in the device
comprises a determination that the predicted temperature
exceeds a threshold temperature.

In an example, the method comprises selecting by the
processing unit the correlation from a plurality of correla-
tions of different operational scenarios for the device, where
each of the plurality of correlations is a correlation of a
plurality of temperature magnitudes and a plurality of rate of
change of temperatures with a plurality of hotspot tempera-
tures.

In an example, each of the plurality of correlations is
determined through experiments or through simulations.

Continuing with the figures, the system and method for
monitoring a device such as a switchgear or motor is
described in further detail, with respect to specific embodi-
ments, where reference is made to monitoring a switchgear.

FIG. 1 shows a detailed workflow relating to an example
of the processing undertaken to determine a fault in a
switchgear. As shown at “A” an IR image of a switchgear is
acquired by an infrared camera. A pre-processing step can be
used to increase the image quality. This can involve noise
suppression, compensation of optical effects, removal of
edges, etc. At “B” the hottest temperature point within the
image is acquired or identified, for example 35° C. There
could be several pixels that have exactly the same highest
temperature and either or both can be selected. Then at “C”
all the pixels in the image that are within a threshold
temperature range of the highest temperature are selected.
For example, if the threshold temperature range is 7° C.,
then all pixels between 28° C. and 35° C. are selected. Thus,
the threshold value is used to compute a range of values
which are considered hot in this particular case. The thresh-
o0ld is the maximum temperature minus a specific value. This
value can be a fixed number of degrees Celsius or a
percentage of the current average temperature of the image,
or a percentage of the maximum temperature of the image or
a dynamically changing value in degrees Celsius depending
on the average or maximum temperature of the image. Thus,
the threshold can account for the influence of the ambient air
temperature (inside the compartment and/or outside of the
switchgear) as well as take into account any influence of
compartment type. The result is shown in the following
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image. Optionally, at “D” regions that are connected are
identified. At “E” the pixel count, number of regions, shape,
and/or size of individual regions is analyzed to decide
whether this is a fault or not. If a fault is determined at “F”
the pixel map is overlaid on a visual light image of the
switchgear, for example of the switchgear compartment, to
identify the position of the fault and/or to define which
regions belong to which phase of a three-phase system.

Thus, the threshold is used to identify all camera pixels
which are hotter than the threshold value. Images with a very
strong hotspot will exhibit rather a small area. If there is no
hotspot, the area is wide or broad, and in ideal cases even
showing the different components of interest as distinct
unconnected regions.

The original IR image can be transformed to a new, binary
image, consisting of only two colors (for example black and
white), where one color (e.g. black) are the pixels above the
threshold (the hot pixels) and other color (e.g. white) are the
pixels below the threshold (the cold pixels)—this is just an
example, where of the course the pixels can be the other way
round, i.e. white is “hot” and black is “cold”. In general, this
transformation can result in a mask for further processing of
the IR image, for example by a machine learning algorithm
such as a trained neural network.

Thus, an algorithm applies a dynamic threshold to the
image and returns only the pixels that are in the region of
highest temperature. If the image shows a healthy device,
this algorithm will separate the background (low tempera-
ture) from the foreground (high temperature). Thus it can be
determined if a hot spot is developing because the number
of pixels within a threshold of a maximum temperature starts
to fall. Thus, a fault in an isolated device that is leading to
ahot spot can be identified. Also, with respect to for example
a three phase switchgear then parts of each phase typically
exhibit equivalent current flow and due to Joule heating heat
up to equivalent temperatures. Thus, the temperature differ-
ence between equivalent elements of the phases will be less
than the threshold temperature range and thus all phases will
be shown and the number of pixels stays relatively stable. It
is then further established that there is a fault as the part with
a fault remains at the highest temperature, but other parts of
that phase and of the other phases start to disappear from
within the temperature threshold range.

Thus, the approach is to count the number of hot pixels,
which is shown in FIG. 3. As shown cases with a strong fault
will show a sharp decline in the number of hot pixels as the
temperature increases in time. The number of pixels used for
determining a hot spot situation can be derived for each
scene by counting the pixels belonging to one component of
interest. If the number of hot pixels drops below this value,
the image is showing a hot spot. The number of pixels used
for determining a hot spot situation can be also determined
by experiments or simulations or via machine learning
algorithms. Thus, the number of pixels of a hot region,
compared to a baseline for a component can be used to
indicate if there is a fault, and also the temporal change in
the number of pixels within the threshold region can also be
used, when compared against such a baseline, to indicate
that the component is abnormally hot and that there is a fault.

To catch more subtle faults, additional properties can be
examined. For example, by taking the numbers and respec-
tive sizes of distinct regions, it is possible to detect even less
obvious hot spots. This is shown in FIG. 2, where in the fault
case the shape of pixels regions within the threshold change
shape.

The image (for example a transformed binary image) can
be further processed by machine learning. The machine
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learning model can be trained with typical patterns showing
layout of hot pixels for images without hot spot, layout of
hot pixels for images with a hot spot on a first specific
component layout of hot pixels for images with a hot spot on
a second component and so forth. The image can be fed to
the model and the model will classify it as “no hot spot”,
“hot spot on the first component or the second component
for example. The training data can be easily created for each
new scene. A subject matter expert can recognize compo-
nents on the IR or visual camera image and create typical
patterns of black and white images that would be expected
for healthy images, and images where different components
have faults. The training data can be created from the office,
without the need of expensive and time consuming experi-
ments or simulations. The IR image discussed above can be
composed of several individual images or sections of indi-
vidual images, e.g. from different cameras in one panel or
line-up or from different time steps.

It has been determined that the maximum temperature and
its rate of change of temperature provides further informa-
tion that improves the accuracy of a fault determination
based on the number of pixels within a threshold of the
maximum temperature.

It has been established that a determined value of T and
dT/dt provides a value that can be correlated to a steady state
temperature that will develop if nothing changes.

It has been established that the maximum temperature
derivative when combined with the maximum temperature
results in two distinct clusters for healthy and faulty data.

This is shown in FIG. 4 that plots the two features T and
dT/dt for the hottest pixel only. In a particular scenario if a
temperature of 45° C. is determined with a rate of change of
temperature of 1.1 then it has been determined that under
steady state conditions, with nothing else happening, the
temperature will not develop into a critical temperature.
However, if a temperature of 65° C. has been measure with
a rate of change of temperature of 1.75, even though the
temperature at the moment is not critical, it has been
established that under steady state conditions with no
change, the temperature at this location will develop into a
critical temperature and remedial action should be taken
before that critical temperature develops. The different lines
are shown in FIG. 4 to enable the different correlations for
different scenarios to be viewed more easily. Thus in FIG. 4
for each correlation centered around a line the temperature
and its rise rate in the hottest pixel of the IR camera is
shown, where different lines represent several scenarios. For
each scenario at the lower temperature range a developed
temperature of a hotspot T_HS will be uncritical. However,
at the higher temperature range for each correlation the
hotspot temperature T_HS will develop to a temperature
above threshold and overheating will occur, and mitigating
actions need to be taken to stop this happening.

Thus, when this information is combined with the number
of pixels within a threshold of the maximum temperature
this in effect produces three dimensional information and
provides even more cluster distinction.

Typically, it is possible to define a threshold between the
healthy and the faulty region by considering a constant value
of a pixel number within the threshold temperature. If the
number of pixels is below that value, a fault can be deter-
mined to have occurred. On the other hand, if this line is a
function of the maximum temperature in the image, a more
flexible border appears and problems can be recognized at
earlier stages. The exact position of the line can be deter-
mined by a Support Vector Machine (SVM) or similar
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algorithm. Alternatives to SVM are other machine learning
classification or clustering algorithms.

Thus, a support vector machine or similar ML algorithm
can be trained to specify whether a device is healthy or
faulty by using the maximum temperature with the number
of pixels within a threshold range of the maximum tempera-
ture and the temperature derivative as features.

In an aspect, there is provided system for monitoring a
device, the system comprising:

an infrared camera;

a processing unit; and

an output unit;

The infrared camera is configured to acquire a plurality of
infrared images of the device, wherein the plurality of
infrared images comprises a first infrared image and a
second infrared image acquired a time period after the first
infrared image. The processing unit is configured to deter-
mine a pixel in the first infrared image with a hottest
temperature and determine a pixel in the second infrared
image with a hottest temperature. The processing unit is
configured to determine a first number of pixels in the first
infrared image that have a temperature within a threshold
temperature of the hottest temperature of the first infrared
image and determine a second number of pixels in the
second infrared image that have a temperature within the
threshold temperature of the hottest temperature of the
second infrared image. The processing unit is configured to
determine a temperature magnitude comprising utilization
of the hottest temperature in the second infrared image
and/or a hottest temperature in a different infrared image of
the plurality of infrared images acquired at a different time
to the second infrared image. The processing unit is con-
figured to determine a rate of change of temperature com-
prising utilization of the hottest temperature in the second
infrared image and the hottest temperature in the different
infrared image and a time duration between the acquisition
of the second infrared image and the acquisition of the
different infrared image. The processing unit is configured to
determine that a hot spot exists in the device and/or a hot
spot is developing in the device comprising utilization of a
comparison between the first number of pixels and the
second number of pixels and utilization of the temperature
magnitude and the rate of change of temperature. The output
unit is configured to output an indication of a fault in the
device on the basis of the determination that a hot spot exists
and/or is developing.

Thus, if a hot spot is developing then a hottest region of
the device starts to become hotter than expected. As the hot
spot develops it becomes hotter than other regions of the
device and the number of pixels within a temperature range
of the hottest pixel actual decreases. At the same time on the
basis of the temperature of the hottest pixel and a rate of
change of temperature it has been established that it can be
determined that a hot spot is developing. In this way the
reduction in the number of pixels associated with a rate of
change of temperature for a maximum temperature that is
significantly high enough it can be determined with a high
confidence that a hot spot is developing and remedial action,
such as turning off the device or reducing power can be done
prior to the hot spot causing damage to the device.

In this manner, the change in pixel numbers can be
continually calculated with respect to two temporally adja-
cent infrared images and those images also used to deter-
mine a maximum temperature and rate of change of tem-
perature and all of this information used to determine if there
is a hot spot. However, in order that the difference in pixel
number is maximized an initial infrared image can be
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acquired and the number of pixels calculated and this can be
compared to the number of pixels in a series of infrared
images that are then acquired. However, for that series of
later infrared images, temporally adjacent images can be
used to determine both a maximum temperature and a rate
of temperature which when used with the developing change
in pixel number enables a hot spot to be identified as
developing.

In an example, the different infrared image is the first
infrared image.

In an example, the different infrared image is not the first
infrared, and the different infrared image was acquired at a
time between the first infrared image and the second infrared
image, or the second infrared image was acquired at a time
between the first infrared image and the different infrared
image.

In an example, the time period between acquisitions of the
first infrared image and the second infrared image is greater
than the time duration between acquisitions of the second
infrared image and the different infrared image.

In an example, the threshold temperature is a fixed
temperature offset.

In an example, the comparison between the first number
of pixels and the second number of pixels comprises a
determination of a pixel count difference equal to the second
number of pixels subtracted from the first number of pixels.

In an example, the determination that the hot spot exists
in the device and/or the hot spot is developing in the device
comprises a comparison of the pixel count difference with a
threshold pixel count number.

In an example, the threshold pixel count number is fixed.

In an example, the threshold pixel could number is a
function of the hottest temperature in the first infrared image
and/or in the second infrared image.

In an example, the determination that the hot spot exists
in the device and/or the hot spot is developing in the device
comprises an analysis of one or more of: a shape of at least
one region within the determined pixels in the first infrared
image and second infrared image; a size of the at least one
region within the determined pixels in the first infrared
image and second infrared image; a position of the at least
one region within the determined pixels in the first infrared
image and second infrared image.

In an example, the determination that the hot spot exists
in the device and/or the hot spot is developing in the device
comprises a determination that a region in the second
infrared image is smaller than a corresponding region in the
first infrared image.

In other words, for the example of a switchgear with for
example three current carry components, such as the same
type of circuit breakers, that should equally be hot, then
normally there should be three separate hot regions within
the threshold temperature range of the hottest pixel. How-
ever, when one of these components develops a fault and
becomes hot, then when the threshold temperature range is
correctly selected then the maximum temperatures of the
other components sit outside of the maximum temperatures
(within the temperature range of the hottest temperature) of
the faulty component. A consequence is that there is only
one region of temperature within the hottest temperatures,
rather than three in this example, and this can be used to
determine that the component that has this hottest tempera-
ture has a fault.

In an example, the determination that the hot spot exists
in the device and/or the hot spot is developing in the device
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comprises a determination that a number of regions in the
second infrared image is smaller than a number of regions in
the first infrared image.

In an example, the determination that the hot spot exists
in the device and/or the hot spot is developing in the device
comprises utilization of a machine learning algorithm.

In an example, the plurality of infrared images were
acquired at different times, wherein the processing unit is
configured to determine a pixel in each of the plurality of
infrared images associated with a hottest temperature in each
of the plurality of infrared images, wherein the processing
unit is configured to determine a number of threshold pixels
in each of the plurality of infrared images associated with a
temperature that is within the threshold temperature of the
hottest temperature in each of the plurality of infrared
images, and wherein the determination that the hot spot
exists in the device and/or the hot spot is developing in the
device comprises a determination of a rate of change of the
number of threshold pixels with time.

In a second aspect, there is provided a method for
monitoring a device, the method comprising:

acquiring by an infrared camera a plurality of infrared

images of the device, wherein the plurality of infrared
images comprises a first infrared image and a second
infrared image acquired a time period after the first
infrared image;

determining by a processing unit a pixel in the first

infrared image with a hottest temperature and deter-
mining a pixel in the second infrared image with a
hottest temperature;

determining by the processing unit a first number of pixels

in the first infrared image that have a temperature
within a threshold temperature of the hottest tempera-
ture of the first infrared image and determining a
second number of pixels in the second infrared image
that have a temperature within the threshold tempera-
ture of the hottest temperature of the second infrared
image;

determining by the processing unit a temperature magni-

tude comprising utilization of the hottest temperature in
the second infrared image and/or a hottest temperature
in a different infrared image of the plurality of infrared
images acquired at a different time to the second
infrared image;

determining by the processing a rate of change of tem-

perature comprising utilization of the hottest tempera-
ture in the second infrared image and the hottest
temperature in the different infrared image and a time
duration between the acquisition of the second infrared
image and the acquisition of the different infrared
image;

determining by the processing unit that a hot spot exists

in the device and/or a hot spot is developing in the
device comprising utilizing: comparison between the
first number of pixels and the second number of pixels;
and the temperature magnitude and the rate of change
of temperature; and wherein the output unit is config-
ured to output an indication of a fault in the device on
the basis of the determination that a hot spot exists
and/or is developing.

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

All references, including publications, patent applica-
tions, and patents, cited herein are hereby incorporated by
reference to the same extent as if each reference were
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individually and specifically indicated to be incorporated by
reference and were set forth in its entirety herein.

The use of the terms “a” and “an” and “the” and “at least
one” and similar referents in the context of describing the
invention (especially in the context of the following claims)
are to be construed to cover both the singular and the plural,
unless otherwise indicated herein or clearly contradicted by
context. The use of the term “at least one” followed by a list
of'one or more items (for example, “at least one of A and B”)
is to be construed to mean one item selected from the listed
items (A or B) or any combination of two or more of the
listed items (A and B), unless otherwise indicated herein or
clearly contradicted by context. The terms “comprising,”
“having,” “including,” and “containing” are to be construed
as open-ended terms (i.e., meaning “including, but not
limited to,”) unless otherwise noted. Recitation of ranges of
values herein are merely intended to serve as a shorthand
method of referring individually to each separate value
falling within the range, unless otherwise indicated herein,
and each separate value is incorporated into the specification
as if it were individually recited herein. All methods
described herein can be performed in any suitable order
unless otherwise indicated herein or otherwise clearly con-
tradicted by context. The use of any and all examples, or
exemplary language (e.g., “such as”) provided herein, is
intended merely to better illuminate the invention and does
not pose a limitation on the scope of the invention unless
otherwise claimed. No language in the specification should
be construed as indicating any non-claimed element as
essential to the practice of the invention.

Preferred embodiments of this invention are described
herein, including the best mode known to the inventors for
carrying out the invention. Variations of those preferred
embodiments may become apparent to those of ordinary
skill in the art upon reading the foregoing description. The
inventors expect skilled artisans to employ such variations
as appropriate, and the inventors intend for the invention to
be practiced otherwise than as specifically described herein.
Accordingly, this invention includes all modifications and
equivalents of the subject matter recited in the claims
appended hereto as permitted by applicable law. Moreover,
any combination of the above-described elements in all
possible variations thereof is encompassed by the invention
unless otherwise indicated herein or otherwise clearly con-
tradicted by context.

What is claimed is:
1. A system for monitoring a device, the system compris-
ing:

an infrared camera

configured to acquire a plurality of infrared images of the
device, wherein the plurality of infrared images com-
prises a first infrared image and a second infrared
image acquired a time period after the first infrared
image;

one or more processors; and

a non-transitory computer-readable medium having pro-
cessor-executable instructions stored thereon, wherein
the processor-executable instructions, when executed
by the one or more processors, facilitate:

determining a pixel in the first infrared image with a
hottest temperature and determine a pixel in the second
infrared image with a hottest temperature;

determining a first number of pixels in the first infrared
image that have a temperature within a threshold tem-
perature of the hottest temperature of the first infrared
image and determine a second number of pixels in the
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second infrared image that have a temperature within
the threshold temperature of the hottest temperature of
the second infrared image;
determining a temperature magnitude comprising utiliza-
tion of the hottest temperature in the second infrared
image and/or a hottest temperature in a different infra-
red image of the plurality of infrared images acquired
at a different time to the second infrared image;

determining a rate of change of temperature comprising
utilization of the hottest temperature in the second
infrared image and the hottest temperature in the dif-
ferent infrared image and a time duration between the
acquisition of the second infrared image and the acqui-
sition of the different infrared image;

determining that a hot spot exists in the device and/or a

hot spot is developing in the device comprising utili-
zation of a comparison between the first number of
pixels and the second number of pixels and the tem-
perature magnitude and the rate of change of tempera-
ture; and

outputting an indication of a fault in the device on the

basis of the determination that a hot spot exists and/or
is developing.

2. The system according to claim 1, wherein the different
infrared image is the first infrared image.

3. The system according to claim 1, wherein the different
infrared image was acquired at a time between the first
infrared image and the second infrared image, or the second
infrared image was acquired at a time between the first
infrared image and the different infrared image.

4. The system according to claim 3, wherein the time
period between acquisitions of the first infrared image and
the second infrared image is greater than the time duration
between acquisitions of the second infrared image and the
different infrared image.

5. The system according to claim 1, wherein the threshold
temperature is a fixed temperature offset.

6. The system according to claim 1, wherein the com-
parison between the first number of pixels and the second
number of pixels comprises a determination of a pixel count
difference equal to the second number of pixels subtracted
from the first number of pixels.

7. The system according to claim 6, wherein the deter-
mination that the hot spot exists in the device and/or the hot
spot is developing in the device comprises a comparison of
the pixel count difference with a threshold pixel count
number.

8. The system according to claim 7, wherein the threshold
pixel count number is fixed.

9. The system according to claim 7, wherein the threshold
pixel count number is a function of the hottest temperature
in the first infrared image and/or in the second infrared
image.

10. The system according to claim 1, wherein the deter-
mination that the hot spot exists in the device and/or the hot
spot is developing in the device comprises an analysis of one
or more of: a shape of at least one region within the
determined pixels in the first infrared image and second
infrared image; a size of the at least one region within the
determined pixels in the first infrared image and second
infrared image; a position of the at least one region within
the determined pixels in the first infrared image and second
infrared image.

11. The system according to claim 10, wherein the deter-
mination that the hot spot exists in the device and/or the hot
spot is developing in the device comprises a determination
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that a region in the second infrared image is smaller than a
corresponding region in the first infrared image.

12. The system according to claim 10, wherein the deter-
mination that the hot spot exists in the device and/or the hot
spot is developing in the device comprises a determination
that a number of regions in the second infrared image is
smaller than a number of regions in the first infrared image.

13. The system according to claim 1, wherein the deter-
mination that the hot spot exists in the device and/or the hot
spot is developing in the device comprises utilization of a
machine learning algorithm.

14. The system according to claim 1, wherein the plurality
of infrared images is acquired at different times, wherein the
processor-executable instructions, when executed by the one
or more processors, further facilitate:

determining a pixel in each of the plurality of infrared

images associated with a hottest temperature in each of
the plurality of infrared images; and

determining a number of threshold pixels in each of the

plurality of infrared images associated with a tempera-
ture that is within the threshold temperature of the
hottest temperature in each of the plurality of infrared
images, and wherein the determination that the hot spot
exists in the device and/or the hot spot is developing in
the device comprises a determination of a rate of
change of the number of threshold pixels with time.

15. A method for monitoring a device, the method com-
prising:

acquiring by an infrared camera a plurality of infrared

images of the device, wherein the plurality of infrared
images comprises a first infrared image and a second
infrared image acquired a time period after the first
infrared image;

determining a pixel in the first infrared image with a

hottest temperature and determining a pixel in the
second infrared image with a hottest temperature;
determining a first number of pixels in the first infrared
image that have a temperature within a threshold tem-
perature of the hottest temperature of the first infrared
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image and determining a second number of pixels in
the second infrared image that have a temperature
within the threshold temperature of the hottest tem-
perature of the second infrared image;

determining a temperature magnitude comprising utiliza-
tion of the hottest temperature in the second infrared
image and/or a hottest temperature in a different infra-
red image of the plurality of infrared images acquired
at a different time to the second infrared image;

determining a rate of change of temperature comprising
utilization of the hottest temperature in the second
infrared image and the hottest temperature in the dif-
ferent infrared image and a time duration between the
acquisition of the second infrared image and the acqui-
sition of the different infrared image;

determining that a hot spot exists in the device and/or a
hot spot is developing in the device comprising utiliz-
ing:

a comparison between the first number of pixels and the
second number of pixels; and

the temperature magnitude and the rate of change of
temperature; and

outputting an indication of a fault in the device on the
basis of the determination that a hot spot exists and/or
is developing.
16. The system according to claim 1, wherein determining
that the hot spot exists in the device and/or the hot spot is
developing in the device comprises:

determining a correlational relationship based on com-
paring the temperature magnitude with the rate of
change of temperature; and

determining that the hot spot exists in the device and/or
the hot spot is developing in the device based on the
first number of pixels, the second number of pixels, and
the correlational relationship.
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