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the electrical power system, the adaptively determined
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-1-
ADAPTIVE LIGHT DETECTION FOR ARC MITIGATION SYSTEMS
FIELD OF THE INVENTION

[0001] The present disclosure relates generally to electrical arc fault detection and,
more particularly, to an adaptive, controller-based arc fault protection system for detecting
and mitigating arc faults in the presence of other light sources.

BACKGROUND

[0002] In the past, arc fault protection systems have been designed to detect and
mitigate destructive arcing in electrical power systems. One approach employs light sensors
to detect a magnitude of light intensity present in the system and compare the magnitude to a
fixed threshold to determine whether the detected light is indicative of an arc fault. When an
arc fault is detected, the arc protection system indicates such and a protection device is
actuated to mitigate the arc.

[0003] Generally, the systems provide a relatively low sensitivity threshold to detect
the presence of an arc fault event before it becomes too destructive. However, during
operation of the electrical power system, the light sensors may detect light from sources that
are not related to destructive arcing such as, for example, switches, lamps, or the
cnvironment.  Dctection of light from these other sources can crroncously actuate the
protection device (i.¢., nuisance tripping). This erroncous actuation of the protection device
is exacerbated by the need to set the system to be relatively sensitive to light.

[0004] While arc protection systems have been designed to have different light
sensitivity levels at the time of manufacture, there is a potential that a user may install a
system having the wrong sensitivity level. Moreover, over time, the operating conditions of
an clectrical power system often changes due to, for example, corroded, worn or aged wiring,
connectors, contacts or insulation, loose connections, wiring damaged by nails or staples
through the insulation, and electrical stress caused by repeated overloading, lighting strikes,
power surges, etc. As a result of such changes in the operating conditions of an electrical
power system, an arc protection system that once was suitable to detect arc faults may
experience unacceptably frequent nuisance tripping of the protection device.

BRIEF SUMMARY

[0005] The present disclosure provides a flexible and adaptive approach to identifying

and mitigating arc fault events in an electrical power system while adaptively ignoring

“benign” or non-arc fault events that would otherwise be mistaken for an arc fault. In short,
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the present disclosure avoids tripping on “false positives™ and more accurately distinguishes
between true arc fault events and events that otherwise may share certain characteristics of an
arc fault (such as generating a sudden flash of light) but which in fact are not arc fault events.
According to aspects of the present disclosure, a controller-based detection system is
configured to adaptively learn to distinguish between detected light that is indicative of an arc
fault event and detected light that is not related to an arc fault event. In particular, the
detection system is configured to observe the electrical power system as it is operated under
various conditions to induce light events that are unrelated to arc fault events. Using the
observed information about the light events that are unrelated to arc fault events, the
detection system determines one or more detection algorithms. During normal operation of
the electrical power system, the adaptively determined one or more detection algorithms are
utilized to identify arc fault events in the electrical power system. The detection system can
be configured to verify the adaptively determined detection algorithms by operating the
electrical power system to induce further known light events and verifying whether the
detection algorithms identify an arc fault event.

[0006]  Accordingly, the present disclosure provides systems and methods that address
problems associated with nuisance tripping of an arc fault protection device due to the
presence of other light sources in an electrical power system. Additionally, the present
disclosure provides a system that can be adaptively adjusted to account for changed
conditions (e.g., aging) and configurations (e.g., load addition/deletion, new control
equipment, etc.) of an electrical power system. Moreover, the adaptively adjustable systems
and methods’ provided by the present disclosure reduce inventory and selection issues.

Various embodiments of the present invention relate to an arc fault protection
system for an electrical power system, the arc fault protection system comprising: a light
sensor configured to detect a first visible light event and generate a first signal indicative of
the detected first visible light event, the first visible light event being a non-arc fault event
triggered via operation of the system, the light sensor further configured to detect a second
visible light event and generate a second signal indicative of the detected second visible light
event; a controller in communication with the light sensor, the controller being configured to:
receive and process the first signal to determine an arc detection algorithm, receive and
process the second signal to determine whether the second signal is indicative of an arc fault

event using the arc  detection  algorithm, and  generate an  arc

CA 2842994 2019-09-10
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fault signal in response to the controller determining that the second signal is indicative of an
arc fault event; and a protection device in communication with the controller, the protection
device being configured to mitigate the arc fault event in response to the protection device
receiving the arc fault signal from the controller.

Various embodiments of the present invention relate to a method for
adaptively identifying an arc fault event in an eclectrical power system, the method
comprising: operating the electrical power system to generate a first visible light event
triggered by a non-arc fault event; detecting the first visible light event with a light sensor;
generating a first signal indicative of the detected first visible light event; processing, using a
controller, the first signal to determine an arc fault criterion; operating the electrical power
system to generate a second visible light event; detecting the second visible light event with
the light sensor; generating a second signal indicative of the second visible light event;
processing the second signal to determine a characteristic of the second signal; and
comparing the characteristic to the arc fault criterion to determine whether the second signal
is indicative of an arc fault event.

Various embodiments of the present invention relate to an arc fault protection
system for an electrical power system, the arc fault protection system comprising: a light
sensor configured to detect a first light event and generate a first signal indicative of the
detected first light event, the first light event being a non-arc fault event, the light sensor
further configured to detect a second light event and generate a second signal indicative of
the detected second light event; a controller in communication with the light sensor, the
controller being configured to: determine an arc detection algorithm based on the first signal,
verify the arc detection algorithm based on an induced non-arc fault light event, the
verification including an error signal that is generated if the induced non-arc fault light event
is determined to be an arc fault light event based on the arc detection algorithm; and
determine whether the second signal is indicative of the arc fault event based on the arc
detection algorithm and generate a fault signal if the controller determines that the second
signal is indicative of the arc fault event; and a protection device in communication with the
controller, the protection device being configured to mitigate the arc fault event in response
to the protection device receiving the fault signal from the controller.

[0007]  The foregoing and additional aspects and implementations of the present

disclosure will be apparent to those of ordinary skill in the art in view of the detailed

CA 2842994 2018-10-11
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description of various embodiments and/or aspects, which is made with reference to the
drawings, a brief description of which is provided next.
BRIEF DESCRIPTION OF THE DRAWINGS
[0008]  The foregoing and other advantages of the present disclosure will become
apparent upon reading the following detailed description and upon reference to the drawings.
[0009] FIG. 1 is a functional diagram of an exemplary electrical power system

according to an aspect of the present disclosure.

CA 2842994 2017-10-13
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[0010] FIG. 2 is a functional diagram o3f the light sensors, the arc detection system,
and the protection device illustrated in FIG. 1.

[0011] FIG. 3 is a flowchart of an exemplary process for adaptively identifying an arc
fault event in an electrical power system according to an aspect of the present disclosure.

[0012] While the present disclosure is susceptible to various modifications and
alternative forms, specific embodiments have been shown by way of example in the drawings
and will be described in detail herein. It should be understood, however, that the present
disclosurc is not intcndcd to be limited to the particular forms discloscd. Rather, the
invention is to cover all modifications, equivalents, and alternatives falling within the spirit

and scope of the present disclosure.

DETAILED DESCRIPTION

[0013] An arc fault event is generally an unintended, non-useful current through
ionized gas (e.g., air) between at least two current carrying conductors, or between at least
one current carrying conductor and a neutral conductor or ground. For example, an arc fault
event may occur between two conductors when the conductors are too close to each other or a
voltage exceeds the insulation level of the conductors. Such arc fault events can produce
intense heat (potentially as high as 20,000° C), light, pressure waves, and sound/shock waves
that can pose a threat to the electrical components of an electrical power system. The
systems and methods of the present disclosure rely upon the fact that arc fault events in
electrical power systems generate light (i.e., light events), which can be detected by light
SCNSOrs.

[0014] Howcver, arc fault cvents arc not the only source of light in clectrical power
systems. For example, an electrical power system may include other light sources such as,
for example, lamps, LEDs, or openings exposed to the environment. Additionally, for
example, some electrical power systems include switches, disconnects, circuit breakers, etc.
that may generate arcs by interrupting current flowing in conductors. These types of arcs are
generally contained and safely handled in the normal course of operation of the electrical
power system. Such light events (termed “non-arc fault light events” herein) are typically
intended, useful, or harmless events that occur during the normal operation of an electrical
power system. The system and methods of the present disclosure adaptively learn to

distinguish non-arc fault light events from arc fault events so as to protect an electrical power
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system from the damaging effects of arc fault tvents while inhibiting nuisance tripping of
protection devices.

[0015] Referring to FIG. 1, a functional block diagram of an exemplary electrical
power system 10 (e.g., a switchgear cabinet) is illustrated. The electrical power system 10
generally includes an electrical power source 12, a three-phase busbar (or busbar group) 14,
and an electrical load 16. The electrical power source 12 (e.g., a generator) provides
electrical power to the electrical load 16 (e.g., a motor) via the busbar 14. The electrical
power systcm 10 further includes onc or morc light scnsors 18 that arc configured to dctect
light and generate an electrical signal indicative of the detected light. For example, the light
sensors 18 can include photodiodes, photoresistors, phototransistors, photovoltaic cells,
photomultipliers, phototubes, charge-coupled devices, LEDs, or fiber optic sensors. One
non-limiting example of a commercially available light sensor 18 is an OSRAM SFH203
PFA manufactured by OSRAM Opto Semiconductors GmbH, which is currently
headquartered at 3870 North First Street, San Jose, CA, 95134, that can be biased by, for
example, a resistor to generate the signal indicative of the detected light.

[0016] The light sensors 18 are communicatively coupled to an adaptive arc detection
system 20, which is configured to detect the presence of an arc fault event in the electrical
power system 10. The adaptive arc detection system 20 is also configured to generate a fault
signal when the adaptive arc detection system 20 detects an arc fault event, as will be
described in detail below. The adaptive arc detection system 20 is communicatively coupled
to a protection device 22. The protection device 22 is configured to receive the arc fault
signal from thc adaptive arc dctcction systcm 20 and mitigatc an arc fault cvent. For
cxample, the protection device 18 can include onc or morce circuit breakers, fuscs, and/or
crowbars provided between the electrical power source 12 and the busbar 14.

[0017]  Although a three-phase busbar 14 is shown in FIG. 1, it will be appreciated by
one of ordinary skill in the art that the aspects of the present disclosure are equally applicable
to a single-phase or other multi-phase busbars as well. And although the electrical power
system 10 shown in FIG. 1 includes two light sensors 18, more or fewer light sensors 18 can
be employed in the electrical power system 10. Moreover, the electrical power system can
embody or include other clectrical sub-systems having various electrical devices configured

for control, protection, or power delivery.
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[0018]  While an arc fault event can ogcur at any location in the electrical power
system 10, arc fault events often occur between the busbars 14 or the busbars 14 and ground.
Examples of arc fault events occurring on the busbar 14 is illustrated in FIG. 1 by the
reference numeral 24. An example of a non-arc fault light event occurring near the busbar 14
and an example of a non-arc fault light event occurring away from the busbar 14 are
illustrated in FIG. 1 by the reference numeral 26. Non-arc fault light events 26 can be
generated by, for example, switches, lamps, switchgear, switch boards, circuit breakers, a LV
air disconnect associated with a motor control center (MCC) bucket, a window cxposcd to
light from the environment, etc. It is contemplated that the light sensors 18 can be
advantageously positioned at locations within the clectrical power system 10 where it is
anticipated that either arc fault events 24 and/or non-arc fault light events 26 may occur.
These non-arc fault light events 26 can generate signatures of light and/or heat having an
intensity and/or duration that could otherwise be mistaken for an arc fault light event.

[0019]  Referring now to FIG. 2, a block diagram of the light sensors 18, the adaptive
arc fault detection system 20, and the protection device 22 is illustrated. The adaptive arc
fault detection system 20 includes a memory 28 and a user input device 30 communicatively
coupled to a controller 32. Generally, the controller 32 can be implemented as a combination
of hardware and software clements. The hardware aspects include combinations of
operatively coupled hardware components including microprocessors, logical circuitry,
communication/networking ports, digital filters, memory, or logical circuitry. One non-
limiting example of a commercially available controller 32 is a Texas Instruments controller
model number TMS320LC2406A manufactured by Texas Instruments, which is currently
headquartered at 12500 T1 Boulevard, Dallas, Texas 75243.

[0020] The controller 32 can include a signal processor 34, a non-transitory
computer-readable media 36, and an arc fault signal generator 38. The signal processor 34 is
configured to receive and process the light signals from the light sensors 18. For example,
the signal processor 34 can be configured to filter the light signals or perform a Fourier
transform. The controller 32 is configured to, using the light signals, perform operations
specified by a computer-executable code stored on the computer-readable medium 36 to
determine whether an arc fault event has been detected. If the controller 32 determines that

an arc fault event has been detected, the arc fault signal generator 38 generates and transmits
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a fault signal to the protection device 22. Acc6ording to one non-limiting example, the arc
fault signal generator 38 can be an operational amplifier level shifter and drive circuit.

[0021] In FIG. 2, the signal processor 34 is shown as being part of the controller 32;
however, it is contemplated that, according to some embodiments, the signal processor 34 can
be implemented separately from the controller 32. According to one embodiment, the signal
processor 34 can be a signal conditioning and filtering circuit that includes an operational
amplifier configured as a Sallen-Key two pole active filter with a cutoff set to eliminate
signal components that causc aliasing duc to the samplc ratc of the analog to digital converter
on the controller 32. For example, with a sample rate of 550 kHz, the poles of the filter can
be set to have a -3dB point at 50 kHz. The signal processor 34 can also scale the signal to the
input range of the analog to digital converter of the controller 32.

[0022] The operations specified by the computer-executable code stored on the
computer-readable medium 36 can include a number of functional modules, including a
learning module 40, a verification module 42, and a detection module 44 stored on the
computer-readable media 36. The user input device 30 is communicatively coupled to the
controller 32 to facilitate selection between the functions of the different modules. Although
the computer-executable code for the modules is stored on the computer-readable media 36 in
the controller 32 in FIG. 2, those having ordinary skill in the art will understand that the code
for the modules can be stored in other devices such as, for example, the memory 28. And
although three discrete modules are shown in FIG. 2, those having ordinary skill in the art
will understand that the functions of any two or more modules can be combined into a single
module, or the functions of any single module may be divided into several sub-modules.
Each module will now be described in turn.

[0023] The dctection module 44 is responsible for identifying an arc fault cvent
during normal operation of the electrical power system 10 and, if an arc fault has been
identified, generating a fault signal. The detection module 44 identifies an arc fault event
using one or more detection algorithms stored in the memory 28. For example, according to
some aspects of the present disclosure, the detection module 44 can process a light signal
received from the light sensors 18 (or the signal processor 34) to determine one or more
characteristics of the light signal using one or more algorithms, neural networks, and/or other
mathematical models stored in the memory 28. The one or more characteristics of a light

signal can include, but are not limited to, one or a combination of a magnitude of light
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intensity, a rate of change of a intensity rnagnit171de, a frequency, a wavelength, a duration, a
direction or angle of incidence of light incident on the light sensors 18, and/or any other value
that can be derived by an algorithm, a neural network, or a mathematical model. As those of
ordinary skill in the art will understand, the one or more characteristics of a light signal can
be considered a signature of a light signal.

[0024]  The detection module 44 can then compare the one or more characteristics of
the light signal to one or more fault criteria stored in the memory 28. The one or more fault
critcria can include, for cxample, onc or more threshold valucs, ranges of threshold valucs, or
predetermined light signatures. Based on the comparison of the one or more characteristics
to the one or more fault criteria, the detection module 44 can determine whether arc fault
event has been detected by the adaptive arc fault detection system 20. It is contemplated that,
according to some aspects of the present disclosure, the detection module 44 can also be
configured to store the time and data associated with detected non-arc fault light events and
arc fault events in the memory 28 for later analysis.

[0025] The learning module 40 is responsible for adaptively determining the one or
more detection algorithms (e.g., one or more algorithms, neural networks, mathematical
models, and/or the one or more fault criteria) used by the detection module 44. With the
learning module 40 enabled by the user input device 30, the electrical power system 10 is
operated to induce or generate non-arc fault light events. For example, a disconnect switch
for a motor control center bucket can be opened and closed under various operating
conditions (e.g., no load, light load, heavy load, etc.) or an LED light can be activated and
dcactivatced to inducc various non-arc fault light cvents. The light signals reccived from the
light scnsors 18 (or the signal proccessor 34) during such opcration of the clectrical power
system 10 are thus known to be indicative of non-arc fault light events. As a result, the
learning module 40 can obtain information about the detected non-arc fault light events,
which can be used to determine (or adjust) the one or more detection algorithms used by the
detection module 44. Advantageously, a user can thoroughly operate the electrical power
system 10 to represent a broad range of operating conditions for the electrical power system
10 so as to obtain as much information as possible about the various non-arc fault light events
that can be experienced during normal operation of the electrical power system 10.

[0026] According to some aspects of the present disclosure, the learning module 40

can determine the one or more fault criteria. For example, the fault criteria can be a
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minimum threshold value, and the detection rnoilule 44 can be configured to generate a fault
signal (indicating an arc fault event) if it determines that the magnitude of intensity of a
received light signal is greater than the minimum threshold value. After (or as) non-arc fault
light events are induced and the learning module 40 processes the corresponding light signals,
the learning module 40 can determine that a non-arc fault light event resulted in a light signal
with a magnitude of light intensity that was greater than the threshold value stored in the
memory 28. The learning module 40 can adjust (i.e., determine) the threshold value by
storing a grcater valuc in the memory 28. As a rcsult, if the clectrical power system 10 18
subsequently operated with the detection module 44 enabled, the detection module 44 will
not generate a fault signal when future light events are determined to have a magnitude of
light intensity equivalent to or less than the magnitudes of light intensity resulting from the
non-arc fault light events previously detected with the learning module 40 enabled. As this
example demonstrates, if the learning module 40 had not adjusted the threshold value, the
detection module 44 may have erroneously generated a fault signal and tripped the protection
device 22 in response to a non-arc fault light event during normal operation of the electrical
power system 10.

[0027]  As another example, the one or more fault criteria can be one or more light
signatures that were determined by the learning module 40 to correspond to a non-arc fault
light event. Thus, when the electrical power system 10 is operated with the detection module
44 enabled, the detection module 44 can compare a light signature determined for a detected
light event to the predetermined light signatures stored in the memory 28 as fault criteria. If
the light signaturc dctermined by the dctection module 44 for the dctected light cvent is
similar to, thc samc as, or approximatcly thc samc as onc of thc predctermined light
signatures, the detection module 44 can determine that the detected light event is a non-arc
fault light event. In other words, the adaptive arc detection system 20 can be taught to
selectively ignore certain light signatures that are known to correspond or approximately
correspond to a non-arc fault light event.

[0028] According to other aspects of the present disclosure, the learning module 40
can determine the one or more algorithms, neural networks, and/or other mathematical
models. For example, as or after the learning module 40 processes the light signals from the
light sensors 18, the learning module 40 can determine constants, coefficients, programs,

and/or data structures for the one or more algorithms, neural networks, and/or other
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mathematical models. In such embodiments, 9for example, if the arc detection algorithm
includes a neural network, the learning module 40 can employ backpropagation to adjust the
neural network.

[0029] 1t is contemplated that, according to aspects of the present disclosure, the
learning module 40 can determine only the one or more fault criteria, the learning module 40
can determine only the one or more algorithms, neural networks, and/or other mathematical
models, or the learning module 40 can determine both the one or more fault criteria and the
onc or more algorithms, ncural nctworks, and/or othcr mathcmatical modcls. If the Icarning
module 40 only determines the one or more fault criteria, the one or more algorithms, neural
networks, and/or other mathematical models can be determined, for example, at the time of
manufacture. Similarly, if the learning module 40 only determines the one or more
algorithms, neural networks, and/or other mathematical models, the one or more fault criteria
can be determined, for example, at the time of manufacture.

[0030] It is contemplated that, according to some aspects of the present disclosure, the
user input device 30 can be configured to allow a user to enter information identifying the
source of a non-arc fault light event as the electrical power system 10 is operated with the
learning module 40 enabled. For example, with the learning module 40 enabled, the user can
activate an LED light to induce a non-arc fault light event and indicate via the user input
device 30 that the resulting light signal is indicative of an LED light being activated.
Advantageously, in embodiments in which the detection module 44 records the time and data
associated with non-arc fault light events, the detection module 44 may further record the
sourcc of the non-arc fault light cvent if previously Icarned by the Icarning module 40.

[0031] Over time, the performance of some componcents of the clectrical power
system 10 will change due to normal wear. For example, an air disconnect of a motor control
center may experience some erosion over time. Additionally, in some instances, the
configuration of the electrical power system 10 may change. For example, loads may be
added or deleted, or new control equipment may be added or deleted. Advantageously, the
present disclosure provides an arc detection system 20 that can be adaptively adjusted to
account for changed conditions (e.g., aging) and configurations (e.g., load addition/deletion,
new control equipment, etc.) by enabling the learning module 40 and operating the system as
described above. Thus, the present disclosure provides flexible system that can extend the

lifespan of many electrical components.
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[0032] According to some aspects, it is ]cgntemplated that the arc detection system 20
can be configured to provide notification to a user that the conditions of the electrical power
system 10 have changed and the learning module 40 should be enabled. For example, the arc
detection system 20 can notify the user that conditions have changed by determining that
non-arc fault light events have changed by a user specified percentage (e.g., the average
magnitude of all non-arc fault light events for a given time period has risen by a certain
percentage).

[0033] The verification modulc 42 is rcsponsible for verifying that the detection
algorithms (e.g., one or more algorithms, neural networks, other mathematical models, and/or
the one or more fault criteria) were properly determined by the learning module 40. With the
verification module 42 enabled, the electrical power system 10 is operated to induce one or
more non-arc fault light events. The verification module 42 receives light signals
corresponding to the non-arc fault light events and processes the light signals using the one or
more detection algorithms as described above for the detection module. For example, the
verification module may determine and compare the one or more characteristics of the light
signals to the one or more fault criteria stored in the memory 28 to determine whether an arc
fault event was detected. If the verification module 42 determines, based on the comparison,
that no arc fault event was detected, the verification module 42 generates a signal indicating
that the verification process was successful. However, because the electrical system was
operated to induce non-arc fault light events, if the verification module 42 determines that an
arc fault event was detected, the verification module 42 may generate an error signal that the
Icarning modulc 40 failcd in some respect.

[0034] According to somc aspccts of the present disclosure, the verification modulce
42 can also provide information regarding any light signals, which failed the comparison, to
the learning module 40 for processing and adjustment of the one or more detection
algorithms. For example, the verification module 42 can store information regarding certain
light signals in the memory 28 for subsequent retrieval and processing by the learning module
40.

[0035] Referring now to FIG. 3, a flowchart of a process 100 for adaptively
identifying an arc fault event is illustrated. At block 110, the process 100 is initiated. At
decision block 112, the controller 32 determines whether the learning module 40 has been

enabled by the user input device 30. If the controller 32 determines that the learning module
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40 has been enabled at block 112, then the elec‘:r]ical power system 10 is operated to induce a
non-arc fault light event at block 114. For example, a disconnect switch for a motor control
center bucket can be actuated or an LED light can be activated to induce a non-arc fault light
event. At block 116, one or more of the light sensors 18 detects the non-arc fault light event
induced at block 114, generates a light signal indicative of the detected non-arc fault light
event, and passes the light signal to the controller 32. At block 118, the controller 32 receives
the light signal from the one or more light sensors 18 and processes the light signal to
dctermine information about the non-arc fault light cvent.

[0036] At block 120, using the information about the non-arc fault light event, the
learning module 40 determines adjustments (if any) to the one or more detection algorithms
(e.g., one or more algorithms, neural networks, mathematical models, and/or the one or more
fault criteria) used by the detection module 44 and stores such adjustments in the memory 28.
For example, the learning module 40 may determine constants, coefficients, programs, and/or
data structures for the one or more algorithms, neural networks, and/or other mathematical
models. Additionally, for example, the learning module 40 may increase a threshold value,
decrease a threshold value, add a range of threshold values, remove a range of threshold
values, increase a range of threshold values, decrease a range of threshold values, and/or store
a light signature associated with the non-arc fault light event. After block 120, the process
returns to block 110.

[0037] If the controller 32 determines that the learning module 40 is not enabled at
block 112, then the process proceeds to decision block 122. At decision block 122, the
controller 32 determines whether the verification module 42 has been cnabled by the user
mput device 30. If the controller 32 determines that the verification module 42 has been
enabled at block 122, then the electrical power system 10 is operated to induce a non-arc fault
light event at block 124. At block 126, one or more of the light sensors 18 detects the non-
arc fault light event induced at block 124, generates a corresponding light signal, and passes
the light signal to the controller 32. At decision block 128, the controller 32 receives and
processes the light signal to verify whether the arc detection system 20 can determine that the
light signal is indicative of a non-arc fault light event. For example, the controller 32 can
determine the one or more characteristics of the light signal and compare the one or more
characteristics to the one or more fault criteria stored in the memory 28. If the controller 32

determines that an arc fault event was detected at decision block 128, then an error signal is
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generated indicating that the verification has f}ailed at block 130. After the error signal is
generated at block 130, the process returns to block 110. If the controller 32 determines that
an arc fault event was not detected at decision block 128, then a signal is generated indicating
that the verification passed at block 132. After the signal is generated at block 132, the
process returns to block 110.

[0038] Ifthe controller 32 determines that the verification module 42 is not enabled at
block 122, then the process proceeds to block 134. At block 134, the one or more of the light
scnsors 18 detects a light cvent, gencrates a corrcsponding light signal, and passcs the light
signal to the controller 32. At decision block 136, the controller 32 determines whether an
arc fault event has been detected in the electrical power system 10. For example, the
controller 32 can determine and compare the one or more characteristics to the one or more
fault criteria stored in the memory 28. If the controller 32 determines that an arc fault event
has been detected, then a fault signal is generated at block 138. After the fault signal is
generated, the process returns to block 110. If the controller 32 determines that an arc fault
event has not been detected at decision block 136, then the process returns to block 110.

[0039] It will be appreciated by those skilled in the art that some of the steps for the
process for adaptively identifying an arc fault event 100 can be performed in a different order
than that described above. For example, the steps of determining whether the learning
module 40 has been enabled at block 112 and determining whether the verification module 42
has been enabled at block 122 can be performed in any order. Additionally, it is
contemplated that, according to some aspects, additional steps may be added. For example,
an additional stcp of dctermining whether the lcarning module 40 is still cnabled can be
addcd between block 118 and block 120 so that steps of block 120 arc not performed until it
is determined that the learning module 40 is no longer enabled.

[0040] While particular implementations and applications of the present disclosure
have been illustrated and described, it is to be understood that the present disclosure is not
limited to the precise construction and compositions disclosed herein and that various
modifications, changes, and variations can be apparent from the foregoing descriptions
without departing from the spirit and scope of the invention as defined in the appended

claims.
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What is claimed is:

1. An arc fault protection system for an electrical power system, the arc fault protection
system comprising:

a light sensor configured to detect a first visible light event and generate a first signal
indicative of the detected first visible light event, the first visible light event being a non-arc fault
event triggered via operation of the system, the light sensor further configured to detect a second
visible light event and generate a second signal indicative of the detected second visible light event;

a controller in communication with the light sensor, the controller being configured to:

receive and process the first signal to determine an arc detection algorithm, receive
and process the second signal to determine whether the second signal is indicative of an
arc fault event using the arc detection algorithm, and

generate an arc fault signal in response to the controller determining that the second
signal is indicative of an arc fault event; and

a protection device in communication with the controller, the protection device being
configured to mitigate the arc fault event in response to the protection device receiving the arc

fault signal from the controller.

2. The arc fault protection system of claim 1, wherein the arc detection algorithm includes a

fault criteria.

3. The arc fault protection system of claim 2, wherein the controller is configured to determine

the fault criteria based on the first signal.

4, The arc fault protection system of claim 2, wherein the controller is configured to determine
a characteristic of the second signal and compare the determined characteristic to the fault criteria

to determine whether the second signal is indicative of an arc fault event.

5. The arc fault protection system of claim 4, wherein the characteristic is determined by a

neural network.

6. The arc fault protection system of claim 5, wherein the controller is configured to determine

the neural network based on the first signal.

CA 2842994 2019-09-10
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7. The arc fault protection system of claim 4, wherein the characteristic includes a plurality
of characteristics including a magnitude of light intensity and a rate of change in magnitude of

light intensity.

8. The arc fault protection system of claim 2, wherein the fault criteria includes a first light

signature based on the first signal.

9. The arc fault protection system of claim 8, wherein the controller is further configured to:
determine a second light signature for the second signal; compare the second light signature to the
first light signature; and based on the comparison, determine whether the second signal is

indicative of an arc fault event.

10.  The arc fault protection system of claim 1, wherein the controller is further configured to

verify the determination of the arc detection algorithm.

11. The arc fault protection system of claim 1, wherein the controller is further configured to
adaptively adjust the arc detection algorithm in response to a changed condition of the arc fault
protection system or a changed configuration of a system protected by the arc fault protection

system,

12 A method for adaptively identifying an arc fault event in an electrical power system, the
method comprising:

operating the electrical power system to generate a first visible light event triggered by a
non-arc fault event;

detecting the first visible light event with a light sensor;

generating a first signal indicative of the detected first visible light event;

processing, using a controller, the first signal to determine an arc fault criterion;

operating the electrical power system to generate a second visible light event;

detecting the second visible light event with the light sensor;

generating a second signal indicative of the second visible light event;

processing the second signal to determine a characteristic of the second signal; and

comparing the characteristic to the arc fault criterion to determine whether the second

signal is indicative of an arc fault event.

CA 2842994 2019-09-10
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13.  The method of claim 12, wherein the characteristic of the second signal includes one or

more of a magnitude of light intensity, a rate of change of a intensity magnitude, a frequency, a

wavelength, a duration, or a direction or angle of incidence of light incident on the light sensor.

14. The method of claim 12, wherein the criterion includes one or more of a threshold value, a

range of threshold values, or a predetermined light signature.

15.  The method of claim 12 further comprising receiving from an input device an input

indicative of a source of the first visible light event.

16.  The method of claim 12 further comprising storing information about the second signal in

a memory if the second signal is determined not to be indicative of an arc fault event.

17.  The method of claim 12, further comprising adaptively adjusting the arc fault criterion in
response to a changed condition of the arc fault protection system or a changed configuration of a

system protected by the arc fault protection system.

18.  An arc fault protection system for an electrical power system, the arc fault protection
system comprising:

a light sensor configured to detect a first light event and generate a first signal indicative
of the detected first light event, the first light event being a non-arc fault event, the light sensor
further configured to detect a second light event and generate a second signal indicative of the
detected second light event;

a controller in communication with the light sensor, the controller being configured to:

determine an arc detection algorithm based on the first signal,

verify the arc detection algorithm based on an induced non-arc fault light event, the
verification including an error signal that is generated if the induced non-arc fault light
event is determined to be an arc fault light event based on the arc detection algorithm; and

determine whether the second signal is indicative of the arc fault event based on the
arc detection algorithm and generate a fault signal if the controller determines that the

second signal is indicative of the arc fault event; and

CA 2842994 2019-09-10
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a protection device in communication with the controller, the protection device being
configured to mitigate the arc fault event in response to the protection device receiving the fault

signal from the controller,

19.  The arc fault protection system of claim 18 further comprising an input device configured
to selectively cause the controller to determine the arc detection algorithm, verify the arc detection

algorithm, or determine whether the second signal is indicative of the arc fault event.

20.  The arc fault protection system of claim 18, wherein the arc detection algorithm includes a

neural network.

21.  The arc fault protection system of claim 18, wherein the arc detection algorithm includes a
comparison of the first light signature corresponding to the first signal and a second light signature

corresponding to the second signal.

22, The arc fault protection system of claim 18, wherein the light sensor is configured to detect
the first light event and the second light event as visible light, the first signal and the second signal
being indicative of the visible light detected by the light sensor for the first light event and the

second light event, respectively.

CA 2842994 2019-09-10
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