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DESCRIPTION

[0001] The present invention relates generally to fault detection in electrical circuits, for
example as described in W02008/054806. More particularly the invention is directed to
systems and methods for detecting and mitigating arc faults in electrical systems. The
invention also relates to multifunctional residential circuit breaker.

[0002] Electrical arcs can develop temperatures well above the ignition level of most common
flammable materials and, therefore, pose a significant fire hazard. For example, worn power
cords in the home may arc sufficiently to start a fire. Fortunately, low-voltage arcing is an
inherently unstable phenomenon and does not usually persist long enough to start a fire.
Under certain conditions, reflected in particular characteristics of the electrical disturbance
produced, the likelihood of the arc persisting and starting a fire is much higher.

[0003] Two types of dangerous arcing that are likely to occur in the home are momentary,
high-energy arcs caused by high-current faults and persistent, low-current "contact" arcing. A
high-current fault, caused by an inadvertent direct connection between line and neutral or line
and ground, will generally draw current up to or beyond the rated capacity of the circuit, arc
explosively as the contacts are physically made and broken, dim lights and other loads
indicating an excessive load is being drawn, and/or (assuming the circuit is properly protected
by a circuit breaker) trip the breaker, thereby interrupting the current to the arc. Because such
"line faults" are short-lived, the temperature rise in the feed conductors is limited and the fire
danger results primarily from the explosive expulsion of minute glowing globules of copper
from the contact area which may ignite nearby flammable materials. Even if a fire begins,
however, the high visibility of the fault and the likely presence of someone nearby (who
provided the physical impetus to bring the conductors together) sharply mitigates the potential
for an uncontrolled fire.

[0004] Contact arcing on the other hand, is arcing that occurs at connections in series with a
load. As such, the maximum current in the arc is limited to the load current and, therefore, may
be substantially below the overcurrent or "trip" rating of an associated circuit breaker. Contact
arcing is a complex physical phenomenon that may be induced by loose connections, oxidized
contacts, foreign non-conducting material interfering with the conduction path, differences in
contact materials, contact shapes, and other factors. Under certain conditions, such arcing
may become persistent and present a substantial fire hazard.

[0005] One example of a condition that may cause contact arcing is a well-used wall outlet
wherein the spring pressure provided by the contacts has been reduced through age and use,
so that insufficient pressure is applied to the inserted plug contacts to ensure low-resistance
connection.

[0006] Contact arcing is also commonly caused by use of extension cords of insufficient
current-carrying capacity. For example, the plug may be heated by resistance heating,
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gradually decomposing elastomeric insulating material around the contacts until the material
partially flows into the contact area, preventing proper contact from being made. This process
may become regenerative as the initial arcing produces more heat, carbonizing the insulation
and producing a thin insulating layer on the contact surface.

[0007] A third cause of contact arcing often observed in aluminum wiring involves the
oxidation of contacts. In this case a chemical process, principally oxidation, builds up a semi-
conductive or non-conductive layer on the surface of the contacts. Preferably, when the contact
material is susceptible to oxidation, the connection is made gas-tight to prevent oxygen from
entering and promoting oxidation. However, if the connections become locse over time,
oxidation begins and arcing can result. Contact arcing is also common when the springs that
snap switches on or off become worn, increasing the time to closure and reducing the force
that holds the contacts together.

[0008] A fifth example of contact arcing that is found to readily occur in residences is at the
center contact of conventional light bulbs. Because the center contact is subjected to high
temperatures and repeated use, it often becomes loose and oxidizes, thereby increasing the
likelihood of arcing. When arcing occurs, the lamp contact, usually made of a low-melting-point
solder, melts and reforms, either breaking the contact or establishing a new one. A common
result in very old lamp fixtures is that arcing at the center contact or around the aluminum
threads causes the lamp to become welded into the socket and therefore very difficult to
remove.

[0009] Finally, high-resistance faults across the line are, in the present context, also
considered contact arcing. Inadvertent "shorts" that exhibit enough resistance to prevent
tripping of the circuit breaker may nonetheless produce arcing at the contact points, and are
considered contact arcs. Frayed conductors that come into light or intermittent contact, or
staples that inadvertently pierce wire insulation, can produce resistive shorts through
contamination and oxide layers, particularly if moisture is present.

[0010] Most instances of contact arcing result from the gradual degeneration of current-
carrying contacts. Dangerous arcs may begin as small and occasional arcing, gradually
building up over time until the arcing becomes persistent enough to start a fire. Also, in sharp
contrast to the visible nature of arcing produced by line faults, such as "hard" or "bolted"
shorts, incipient contact arcing is often hidden from view, providing little or no indication of the
impending danger. For this reason, it would be highly advantageous if contact arcing
conditions could be detected early, and a warning provided before the danger due to the fault
reaches a dangerous level.

[0011] It will thus be appreciated that there are fundamental differences between "hard shorts"
and contact arcing. "Hard shorts" will generally involve high currents (>50 A) and will be
explosive at the fault point contact, so that the fault will either burn itself out or trip a circuit
breaker. Conventional circuit protection devices are normally adequate to guard against line
fault arcing. By comparison, the average current drawn in contact arcing is no more than the
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current drawn by the load itself. Nevertheless, even low-current contact arcing, for example, a
60 watt light bulb on the end of a faulty extension cord, or a set of Christmas tree lights with
faulty contacts, may release sufficient heat to cause a fire. Accordingly, conventional circuit
breakers are inadequate to prevent dangerous conditions due to contact arcing.

[0012] A need also exists for a circuit breaker that, in addition to detecting arcing that may
result in a fire, removes power from the load when hazardous arcing is present. Such a device
could be conveniently packaged in much the same style as a conventional circuit breaker, or
could be installed in an outlet similar to the currently available ground fault interrupters.
Because the load current flows through the circuit breaker, it is convenient in this application to
monitor load current.

[0013] A need also exists for an arc detector that is immune to noise commonly present on
household power lines, e.g., due to lamp dimmers, brush motors, carrier-current
communications systems, switching transients, broadcast radio signals, and other types of
noise signals that may have similar electrical characteristics as arc-faults. If not properly
identified and rejected, these types of signals, which may be easily confused with arc-fault
signals, may cause "nuisance" tripping of certain arc-fault circuit detectors. Accordingly, in an
effort to reduce the negative effects of nuisance tripping and accurately respond to arc fault
signals, systems and methods for identifying arc-faults in power systems may be required.

[0014] Current AFCI/GFCI breakers may only display the last trip condition after a fault event
has occurred through the use visual indicators (i.e. flags). The indication is retained until the
device is reset and turned back on. After the indication is cleared, however, there is no record
of the event until another occurrence has been detected.

[0015] US 5 875 087 A describes a digitally controlled circuit breaker including a conventional
thermal circuit breaker, which is controlled by a solenoid to override the thermal aspect thereof.
The solenoid is controlled by a digital processing section, which has a digital control module
with multiple profile tables associated therewith. The profile tables allow the digital control
module to compare a sensed current from a sensor with a predetermined current value as a
function of time and to generate the control signal for the solenoid if the sensed current
exceeds that in the profile.

[0016] It may be advantageous to incorporate arc-fault detection and ground fault detection
capabilities into a single, integrated module, thereby reducing consumer costs associated with
installing, maintaining, and servicing multiple circuit interrupting devices on a single branch.
Furthermore, by combining arc-fault and ground-fault detection functions within a single
module, many of the processing functions associated with arc-fault detection such as, for
example, electronic fault monitoring, self-test functionality, and fault event data recording, may
also be implemented in ground fault detection processes to enhance existing ground fault
detection capabilities.

[0017] In accordance with a first aspect of the present invention, an electrical fault detection
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device for use in branch of a power circuit comprises an AC line current sensor for monitoring
the AC current in an electrical distribution line comprising a primary line and neutral line and
carrying an AC power signal, wherein the AC line current sensor generates a representative
signal proportional to the load current delivered to at least one branch of a power circuit, a line
high-frequency sensor coupled to the electrical distribution line for detecting high frequency
data associated with the power circuit; an RF front end system for outputting a broadband
high-frequency component of the AC power signal, a differential current sensor coupled to the
primary and neutral lines of the electrical distribution line for monitoring the net current
between the primary line and neutral line, comparing the net current with the AC load current
signal and generating a signal that indicates whether the net line-to-neutral current is
inconsistent with a load current by a predetermined acceptable amount, a ground fault current
sensor for detecting a current imbalance between the primary and neutral lines of the electrical
distribution line, and a signal conditioner in electrical signal communication with the AC current
line current sensor, the line high frequency sensor, the differential current sensor and the
ground fault current sensor and adapted to generate a signal indicative of the load current
associated with a branch of the power circuit. The electrical fault detection device further
comprises a sampling circuit for sampling the signal outputted by the signal conditioner and
generating a sampled signal, and a processing resource for processing the sampled signal.
The processing resource has stored therein data representing a plurality of time-versus-
current curves that define a plurality of regions in which tripping may or may not occur, wherein
at least one region has time data and current data that define a time duration for a particular
current magnitude for which no tripping will occur, and wherein at least one other region has
time data and current data that define a time duration for a particular current magnitude for
which tripping will occur. The processing resource processes the sampled signal to (i) provide
processed time data and current data from the sampled signal, (ii) determine the region to
which the processed time data and current data correspond by using the time-versus-current
curves as a reference to which the sampled signal is compared, and (iii) generating a signal to
initiate tripping if the sampled signal yields time data and current data that corresponds to a
region of at least one time-versus-current curve for which region tripping must occur.
Furthermore the RF front end system is configured to output a received signal strength
indication (RSSI) signal indicative of the power of remaining broadband signal component. An
analog processing logic of the electrical fault detection device is adapted to monitor the RSSI
signal output by the RF front end system, to establish, based on the RSSI signal, upper and
lower thresholds for use during analysis of the RSSI signal for series arc fault detection, to
generate a mask signal based on a low frequency component of the power line signal, to
compare the RSSI signal with the thresholds, to increment a fault counter, if the RSSI signal
exceeds a lower threshold, to decrement a fault counter, if the RSSI signal is less than lower
threshold and to provide a trip signal to a switching device associated with the power line, if the
fault counter exceeds a predetermined fault limit. A microprocessor of the electrical fault
detection device is adapted to monitor the number of times that the magnitude of the RSSI
signal crosses the upper and lower thresholds and, to disqualify nuisance signals, to compare
the number of threshold crossings with predetermined crossing limits for each of the upper and
lower threshold crossings and, if the number of upper or lower threshold crossings exceeds a
limit for the number of upper or lower threshold crossings, to reset the fault counter to a default
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value.

[0018] In one embodiment, the AC line current sensor comprises a transformer coupled to the
primary and neutral lines.

[0019] Alternatively, the AC line current sensor comprises a metallic strap of known
impedance in series with the load that provides an output signal indicative of the current
travelling through the distribution line.

[0020] In another embodiment, the AC line current sensor comprises a temperature sensor,

[0021] In one embodiment, the line high-frequency sensor comprises a high-frequency
coupling transformer for collecting high-frequency signals from the distribution line.

[0022] Alternatively, the line high-frequency sensor comprises a toroidal-shaped ferrite sensor
for collecting high-frequency signals from the distribution line.

[0023] In another embodiment, the line high-frequency sensor comprises a high pass filter
device that allows the passage of high-frequency signals and rejecting low-frequency signals.

[0024] Preferably, the differential current sensor comprises comparator circuitry for comparing
the net current with the AC load current signal and outputting the signal that indicates whether
the net line-to-neutral current is inconsistent with a oad current by a predetermined acceptable
amount.

[0025] Preferably, the ground fault current sensor comprises a toroid in electrical signal
communication with the primary and neutral lines such that a grounded neutral fault forms a
magnetic path that passes through the grounded neutral toroid to allow the toroid to induce an
oscillatory wave on both the primary and neutral lines, wherein induced current flows only in
the neutral line due to the grounded neutral fault path.

[0026] Preferably, the signal conditioner comprises an AC current conditioning system which
comprises a transformer that is coupled to the signals provided by the AC current line current
sensor, the line high frequency sensor, the differential current sensor and the ground fault
current sensor and which provides a representative signal that is proportional to the low
frequency load current.

[0027] Preferably, the sampling circuit comprises an analog-to-digital converter that is in
electric signal communication with the signals outputted by the signal conditioner.

[0028] Preferably, the processing resource comprises a microprocessor.

[0029] In accordance with a second aspect of the present invention, a method for electrical
fault detection comprises monitoring the AC current in an electrical distribution line comprising



DK/EP 2109202 T3

a primary line and neutral line and carrying an AC power signal, generating a representative
signal proportional to the load current delivered to at least one branch of a power circuit,
detecting and outputting a broadband high-frequency component of the AC power signal,
monitoring the net current between said primary line and neutral line, comparing the net
current with the AC load current signal and generating a signal that indicates whether the net
line-to-neutral current is inconsistent with a load current by a predetermined acceptable
amount, detecting a current imbalance between the primary and neutral lines of the electrical
distribution line, and generating a signal indicative of the load current associated with a branch
of the power circuit, wherein sais signal indicative of the load current is based on (i) said
representative signal that is proportional to the load current delivered to at least one branch of
a power circuit, (ii) said broadband high-frequency component of the AC power signal, (iii) said
signal that indicates whether the net line-to-neutral current is inconsistent with a load current
by a predetermined acceptable amount, and (iv) said detected current imbalance between the
primary and neutral lines of the electrical distribution line. The method further comprises the
steps of sampling the signal indicative of the load current associated with a branch of the
power circuit and providing a processing resource having stored therein data representing a
plurality of time-versus-current curves that define a plurality of regions in which tripping may or
may not occur, wherein at least one region has time data and current data that define a time
duration for a particular current magnitude for which tripping will occur. The method further
comprises the step of processing the sampled signal with the processing resource to (i)
provide processed time data and current data from the sampled signal, (ii) determine the
region to which the processed time data and current data correspond by using the time-
versus-current curves as a reference to which the sampled signal is compared, and (iii)
generating a signal to initiate tripping if the sampled signals yields time data and current data
that corresponds to a region of at least one time-versus-current curve for which region tripping
must occur. Furthermore the method comprises the step of outputting a received signal
strength indication (RSSI) signal indicative of the power of remaining broadband signal
component and monitoring the RSSI signal output by an RF front end system, establishing,
based on the FiSSI signal, upper and lower thresholds for use during analysis of the RSSI
signal for series arc fault detection, generating a mask signal based on a low frequency
component of the power line signal, comparing the RSSI signal with the thresholds,
incrementing a fault counter, if the RSSI signal exceeds a lower threshold, decrementing a fault
counter, if the RSSI signal is less than lower threshold and providing a trip signal to a switching
device associated with the power line, if the fault counter exceeds a predetermined fault limit.
The method also comprises the step of monitoring the number of times that the magnitude of
the RSSI signal crosses the upper and lower thresholds and, in order to disqualify nuisance
signals, comparing the number of threshold crossings with predetermined crossing limits for
each of the upper and lower threshold crossings and, if the number of upper or lower threshold
crossings exceeds a limit for the number of upper or lower threshold crossings, resetting the
fault counter to a default value.

[0030] Processes and methods consistent with the disclosed embodiments are directed
toward an arc-fault circuit interrupter (AFCI) device that can quickly and effectively discriminate
arc-faults from broadband signal sources.



DK/EP 2109202 T3

Alternatively and/or additionally, the disclosed embodiments may be directed toward a
combination AFCI/GFCI device that provides fault detection, mitigation, and reporting of both
arc faults and ground faults for an electrical system in a single, integrated module. Additionally,
certain disclosed embodiments are directed toward a self-monitoring system and method
associated with the AFCI and/or the AFCI/GFCI combination device that enables the device to
analyze itself based on predetermined operating criteria. The self-monitoring system may be
adapted to provide a health status indication that reports the results of the self-monitoring
analysis.

[0031] In accordance with one aspect the present disclosure is directed toward a method for
detecting arc faults on a power line. The method may include monitoring power signals
associated with a power line and filtering the power signals to produce a high frequency signal
and a low frequency signal. A mask signal may be generated based on the low frequency
signal, and the high frequency signal may be analyzed to extract a broadband portion of the
high frequency signal. A fault counter may be incremented if the magnitude of the broadband
portion is approximately greater than a first threshold level. A fault counter may be
decremented if the magnitude of the broadband portion is approximately less than the first
threshold level. A trip signal is provided to a switching device associated with the power line if
the fault counter exceeds a predetermined fault limit.

[0032] According to another aspect, the present disclosure is directed toward a method for
identifying and rejecting non-arc-fault signals associated with a power distribution circuit. The
method may include monitoring power signals associated with a power line and filtering the
power signals to produce a high frequency signal and a low frequency signal. A mask signal
may be generated based on the low frequency signal generating a mask signal and the high
frequency signal may be analyzed to extract a broadband portion of the high frequency signal.
A number of instances that the broadband portion of the high frequency signal crosses a
threshold level may be counted. If the number of instances that the broadband portion crosses
the threshold level exceeds a threshold crossing limit, the broadband portion of the high
frequency signal may be rejected.

[0033] In accordance with yet another aspect, the present disclosure is directed toward a self-
test method associated with an arc fault detection device. The method may include performing
a processor check, whereby one or more software and/or hardware components associated
with a processor are analyzed to determine if the processor is operating within predefined
specifications. A status confirmation signal may be provided to a health monitor associated with
the microprocessor. If the confirmation signal is not received by the health monitor within an
appropriate interval, the processor may be reset. If, after reset, the processor fails to respond,
then a trip signal may be generated.

[0034] In accordance with yet another aspect, the present disclosure is directed toward a self-
test method associated with the arc fault detection device. Once the self-test process has been
initiated, RF, AC, ground fault, and differential fault test signals may be generated and
delivered to a health monitoring portion of the arc fault detection circuit. Data indicative of
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outputs associated with one or more components of the arc fault detection circuit may be
collected and analyzed based on predefined operational specifications associated with each
component. Based on the analysis, a trip signal may be generated and a test fail indicator may
be provided if one or more of the components fails to meet the predefined operational
specifications.

[0035] According to yet another aspect, the present disclosure is directed toward an arc-fault
detection system that includes a status notification system for providing signals indicative of the
status of the arc-fault detection device. The system includes a housing and a module for
detecting arc faults associated with a power distribution system. The module may be disposed
substantially within the housing and may provide an optical output signal associated with the
status of the module. The system may also include one or more optical waveguide elements
communicatively coupled to the module and adapted to receive the optical output signal and
route the optical output signal to a surface of the housing. The one or more optical waveguide
elements may be composed substantially of non-conductive materials.

[0036] In accordance with yet another aspect, the present disclosure is directed toward a
series arc fault detection system comprising an ASIC module adapted for coupling to an
electrical power circuit and a processor communicatively coupled to the ASIC module. The
ASIC module may be configured to receive a broadband portion of a high frequency portion of
an electrical signal and synchronize the broadband portion with a mask signal. The mask
signal may correspond to a fundamental frequency of a low frequency portion of the electrical
signal. ASIC module may also be configured to generate a first threshold crossing signal if the
magnitude of the broadband portion is greater than or equal to a first threshold level within a
non-zero portion of the mask signal and generate a second threshold crossing signal if the
magnitude of the broadband portion is less than the first threshold level within the non-zero
portion of the mask signal. The processor may be configured to receive first and second
threshold crossing signals from the ASIC module. The processor may increment a fault count
value by a first count rate in response to the first threshold crossing signal and decrement the
fault count value by a first count rate in response to the second threshold crossing signal. The
processor may generate a trip signal if the fault count value exceeds a threshold value.

[0037] According to yet another aspect, the present disclosure is directed toward a
combination arc fault/ground fault detection system comprising a housing and an analog
processing module, a processor communicatively coupled to the analog processing module, a
parallel arc fault detection module, and a differential fault detection module, each of which is
disposed within the housing. Furthermore, each of analog processing module, parallel arc fault
detection module, and differential fault detection module may be adapted for coupling, either
directly or indirectly (though one or more other components), to an electrical power circuit. The
analog processing module may be configured to receive a broadband portion of a high
frequency portion of an electrical signal and synchronize the broadband portion with a mask
signal; the mask signal corresponds to a fundamental frequency of a low frequency portion of
the electrical signal. The analog processing module may also be configured to generate a first
threshold crossing signal if the magnitude of the broadband portion is greater than or equal to
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a first threshold level within a non-zero portion of the mask signal, and generate a second
threshold crossing signal if the magnitude of the broadband portion is less than the first
threshold level within the non-zero portion of the mask signal. The processor may be
configured to receive first and second threshold crossing signals from the analog processing
module. The processor may also be configured to increment a fault count value by a first count
rate in response to the first threshold crossing signal and decrement the fault count value by a
first count rate in response to the second threshold crossing signal. The processor may
generate a series arc fault trip signal if the fault count value exceeds a threshold value. The
parallel arc fault detection module may be configured to monitor a current level associated with
a low frequency portion of the electrical signal and generate a parallel arc fault trip signal if a
magnitude of the current level of the low frequency portion of the electrical signal exceeds a
threshold current level. Similarly, the differential fault detection module may be configured to
monitor a differential current level between a low frequency portion of the electrical signal
associated with a hot line and a neutral line and generate a differential fault trip signal if a
magnitude of the differential current level exceeds a threshold differential current level.

[0038] In accordance with yet another aspect, the present disclosure is directed toward
methods and processes that are configured to detect and interrupt arc fault conditions to
potentially mitigate certain effects of these conditions such as fires or property damage. These
methods are adapted to not only detect these conditions under a wide range of normal
operating scenarios but also effectively avoid shortcomings that may limit existing methods of
arc determination such as, for example, false identification of non-arcing conditions as arcing
conditions (e.g., power line communication schemes like Homeplug.RTM. or other broadband
power line (BPL) communication systems), false identification of arcing conditions as non-
arcing conditions (e.g., "masking" loads that can sometimes change the characteristics in the
line enough to affect the performance the arc detection system), and sudden increases in
broadband noise due to certain loads (e.g., "cold" start of dimmer switches, arcing due to
commutation of brushes in certain appliances, etc.).

[0039] Additional objects and advantages of the invention will be set forth in part in the
description which follows, and in part will be obvious from the description, or may be learned by
practice of the invention. The objects and advantages of the invention will be realized and
attained by means of the elements and combinations particularly pointed out in the appended
claims.

[0040] It is to be understood that both the foregoing general description and the following
detailed description are exemplary and explanatory only and are not restrictive of the invention,
as claimed.

[0041] The accompanying drawings, which are incorporated in and constitute a part of this
specification, illustrate several embodiments of the invention and together with the description,

serve to explain the principles of the invention.

[0042] The features of the invention that are novel and the elements characteristic of the
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invention are set forth with particularity in the appended claims. The drawings are for
illustration purposes only and are not drawn to scale. Furthermore, like numbers represent like
features in the drawings. The invention itself, both as to organization and method of operation,
may best be understood by reference to the detailed description which follows taken in
conjunction with the accompanying drawings in which:

FIG. 1 provides an illustration depicting an exemplary disclosed circuit interrupter device
consistent with the disclosed embodiments;

FIG. 2 provides a schematic representation of an exemplary disclosed combination arc fault
circuit interrupter/ground fault circuit interrupter device consistent with the disclosed
embodiments;

FIG. 2A provides a schematic representation of an exemplary disclosed ground fault detection
circuit used in a fault circuit interrupter device consistent with the disclosed embodiments;

FIG. 3 provides a flowchart depicting an exemplary disclosed series arc fault detection method
consistent with the disclosed embodiments that may be implemented by the device of FIG. 2;

FIG. 4 provides a flowchart depicting an exemplary disclosed series arc fault detection method
using slope analysis consistent with the disclosed embodiments;

FIG. 5Aillustrates a normal AC current signal that may be associated with an electrical power
circuit;

FIG. 5B illustrates an exemplary AC current signal that includes an arc-fault or arc-fault like
activity;

FIG. 5C illustrates a zero crossing mask signal that may be used to analyze the presence of
series arc-fault activity present on an electrical power circuit;

FIG. 6A illustrates an exemplary RSSI signal associated with an exemplary series arc-fault
condition, generated in accordance with the disclosed embodiments;

FIG. 6B illustrates the RSSI signal of FIG. 6A that has been corrected to compensate for
activity that has been detected within the zero-crossing region;

FIG. 6C illustrates an exemplary status of a fault count value based on analysis of the
corrected RSSI signal of FIG. 6B;

FIG. 7A illustrates an exemplary RSSI signal associated with an exemplary nuisance signal,
generated in accordance with the disclosed embodiments;

FIG. 7B illustrates the RSSI signal of FIG. 7A that has been corrected to compensate for
activity that has been detected within the zero-crossing region;

FIG. 7C illustrates an exemplary status of a fault count value based on analysis of the
corrected RSSI signal of FIG. 7B;
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FIG. 8A illustrates another exemplary RSSI signal associated with an exemplary nuisance
signal, generated in accordance with the disclosed embodiments;

FIG. 8B illustrates the RSSI signal of FIG. 8A that has been corrected to compensate for
activity that has been detected within the zero-crossing region;

FIG. 8C illustrates the first derivative of the RSSI signal of FIG. 8B, generated in accordance
with the disclosed embodiments;

FIG. 8D illustrates an exemplary status of a fault count value based on analysis of the RSSI
signal in view of the derivative slope analysis techniques consistent with the disclosed
embodiments;

FIG. 9 provides a flowchart depicting one exemplary method associated with a process for
testing the device of FIG. 1;

FIG. 10 provides a flowchart depicting another exemplary method associated with a process
for testing the device of FIG. 1.

FIG. 11 provides a schematic representation of a combination arc fault circuit
interrupter/ground fault circuit interrupter device in accordance with an embodiment of the
invention;

FIG. 12 shows several curves of current-time duration versus current magnitude that define a
plurality of regions in which tripping may or may not occur,;

FIG. 13 is a general block diagram of the interrupter device shown in FIG. 11; and

FIG. 14 is a flowchart illustrating an algorithm that is implemented by a processing resource
shown in FIG. 13.

[0043] Reference will now be made in detail to the exemplary embodiments of this disclosure,
examples of which are illustrated in the accompanying drawings. Wherever possible, the same
reference numbers will be used throughout the drawings to refer to the same or like parts.

[0044] FIG. 1 provides a diagram of an exemplary arc fault circuit interrupting (AFCI) device
100. This device may be adapted for use in any residential and/or commercial power system
environment and may be configured to detect arc faults, including both line-fault (i.e., parallel-
type arcing between lines) and contact-fault (i.e., series-type arcing on the same line due to
electrical discontinuity in the conductor) that may be present on a power circuit associated with
the power system. Device 100 may also be configured to detect ground faults occurring on or
otherwise associated with a power distribution circuit. It is contemplated that device 100 may
include one or more circuits and subsystems for implementing process to detect series and
parallel arc-faults, ground faults, and/or differential faults between hot and neutral lines.
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[0045] As illustrated in FIG. 1, device 100 may include a housing 101 for comprising fault
detection circuits and subsystems, an actuator 102 for tripping and/or resetting a circuit
interrupting device, a button 103 for manually initiating a self-test process, and a display 104
for outputting status, health, and/or fault information associated with device 100. It is
contemplated that device 100 may include additional, different, and/or fewer elements than
those listed above. For example, device 100 may include an interface (not shown) adapted to
communicatively couple an electronic device (e.g., a diagnostic tool for downloading fault
information) to the fault detection circuits and subsystems of device 100. This interface may
include any type of electronic interface adapted for transferring information from one electronic
system to another such as, for example, a series bus, a parallel bus, a USB or Firewire
interface, or any other type of suitable communication interface. This interface may facilitate
the upload and download of information (e.g., fault event data, self-test data, software and/or
firmware upgrades, software routines, etc.) to and from device 100.

[0046] Display 104 may include one or more visual, audio, or audio-visual devices adapted to
provide status and/or operational information associated with device 100. According to one
embodiment, display 104 may include one or more optical waveguides 105 coupled to LEDs
associated with one or more circuits and subsystems of device 100.

[0047] Optical waveguides 105 may comprise dielectric material and may be adapted to route
LED signals generated by one or more devices within housing 100 to the surface of housing
100 for display to an external user. By utilizing dielectric optical waveguides (instead of bringing
the LEDs directly to the surface of the device housing), electrical subsystems and circuits
associated with device 100 may be electrically isolated from users, thereby limiting the transfer
of electrical charge between the internal electronics of device 100 and a user. As illustrated in
FIG. 1, optical waveguides may be configured in any number of shapes and sizes that may be
appropriate for routing the light generated by internal LEDs to the surface of housing 100. It is
also contemplated that additional or fewer LEDs and/or waveguide devices may be used.
Accordingly, the number of display devices shown in FIG. 1 is exemplary only and not intended
to be limiting.

[0048] It is further contemplated that display 104 may embody different display techniques
than those illustrated in FIG. 1. For example, display 104 may embody a numeric,
alphanumeric, and/or symbolic LED display adapted to generate a number of different coded
indicia for displaying information associated with device 100.

[0049] LEDs associated with display 104 may be adapted to display any type of information
generated by device 100. For example, LEDs may display a periodic heartbeat signal upon
completion of every iteration of one or more self-test processes and microprocessor tests. By
providing status signals in this way, LEDs may display a "real-time" indication that the device is
functioning according to predetermined specifications. Furthermore, LEDs may be configured
to display last known fault conditions upon reset of the device after a fault has been registered
(after the restoration of power), thereby providing a the user with a predetermined code
corresponding with the type of fault detected (series arc fault, parallel arc fault, etc.), whether
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the fault resulted from a failed test process, or any other type of information related to the
status of device 100.

[0050] Device 100 may be electrically coupled to a power distribution circuit and configured to
monitor power signals associated with the circuit. Power signal, as the term is used herein,
refers to any type of signal that may be present on an electrical circuit. Power signals may
include both low frequency and high frequency signals. Non-limiting examples of low-frequency
signals include AC current signals that deliver power from a source (e.g., residential power
feed) to load, DC power signals, or other types of low frequency signals. Non-limiting examples
of high frequency signals include residential alarm system signals; satellite or broadcast (UHF,
VHF, AM, FM, etc.) media signals; communication signals; appliance noise; RF, microwave,
and millimeter wave signals. In general, for purposes of the present disclosure, high frequency
signals refer to any narrowband or broadband signal with at least one frequency component
greater than 1 MHz.

[0051] FIG. 2 provides a schematic diagram illustrating exemplary circuit and subsystem
configurations associated with device 100. As explained, device 100 may include one or more
circuits and subsystems for monitoring electrical signals, identifying fault conditions associated
with the electrical signals, actuating a circuit interrupting device to mitigate effects of the fault
conditions, and performing one or more self-monitoring functions to ensure appropriate
operation of device 100. According to one exemplary embodiment, device 100 may include
one or more application specific integrated circuits (ASICs) 110 coupled to a microprocessor
150. It is contemplated that additional, fewer, and/or different components may be associated
with device 100. For example, although exemplary embodiments may be described in relation
to a combination ASIC/microprocessor system, those skilled in the art will recognize that
certain processes and methods may be performed entirely in a microprocessor-based system,
eliminating the need for the ASIC circuit. It should be noted, however, that different
configurations may not possess the cost benefits realized by an ASIC/microprocessor
combination system. Moreover, by including multiple processing devices (e.g., ASIC and
microprocessor), the system may support redundant safety features, which may be particularly
advantageous in circuit interrupting devices. Furthermore, multiple processing elements may
provide test feature(s) wherein one or more processing elements may be adapted to test one
or more other processing elements, providing a layer of test redundancy that may not be
available in detection schemes that employ only a single processing device.

[0052] ASIC 110 may include one or more devices for performing asynchronous (time-
independent) operations associated with device 100. For example, ASIC 110 may include
devices for preparing or conditioning a signal for synchronous (time dependent) analysis by
microprocessor 150. ASIC 110 may include, among other things, an RF front end system 120,
an AC current conditioning system 130, analog processing logic 131, a parallel arc fault
detection system 132, a ground fault detection system 134, a differential fault detection system
136, and a system 138 for monitoring the health and/or status of microprocessor 150. ASIC
110 may also include one or more circuits or systems adapted for testing one or more portions
of device 100 including, for example, an RF noise generator 140, a AC test signal oscillator
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142, a ground fault oscillator 144, and a logic system 146 for collecting and processing test
signals. ASIC 110 may be communicatively coupled to an RF coupler 107 and an AC current
sensor 109, each of which may be adapted to monitor and extract particular portions of power
signals collected from one or more electrical power circuits. ASIC 110 may also be
communicatively coupled to microprocessor 150 and adapted to communicate data with
microprocessor 150 to facilitate execution of processes and functions associated with fault
detection in accordance with the methods described herein.

[0053] RF coupler 107 may include one or more devices for collecting high frequency data
associated with a power circuit. RF coupler 107 may include a high frequency coupling
transformer used to collect high-frequency signals from an AC power line. Alternatively, RF
coupler 107 may include an RF sensor or transformer that collects and distributes RF signals
collected from a signal source. According to one exemplary embodiment, RF coupler 107 may
include an E-core or toroidal shape ferrite RF sensor. It is contemplated that RF coupler 107
may include a DC blocking capacitor or high pass filter device that allows the passage of high
frequency signals, while rejecting low frequency signals. Furthermore, it is contemplated that
although certain exemplary embodiments describe signals as "RF", this term may include other
types of high frequency (>1 MHz) signals such as, for example, UHF, VHF, AM, FM,
microwave, millimeter-wave, or any other type of high frequency signal.

[0054] AC current sensor 109 may include one or more devices adapted to monitor the AC
current supplied to a load associated with a power distribution circuit. AC current sensor 109
may include one or more monitoring devices configured to generate a representative signal
proportional to the load current delivered to one or more branches of a power circuit. AC
current sensor 109 may include a transformer coupled to a power line. Alternatively or
additionally, AC current sensor 109 may comprise a metallic strap of known impedance in
series with the load that provides an output signal indicative of the current traveling through the
line. Optionally, AC current sensor 109 may include a temperature sensor or other temperature
compensating device (not shown), adapted to adjust the output signal based on the monitored
temperature of the load line.

[0055] RF front end system 102 may include any type of receiver adapted to discriminate
narrowband RF signals from broadband RF signals. RF front end system 102 may include, for
example, a heterodyne or super-heterodyne receiver adapted to receive an RF signal and
identify the spectral components of the RF signal at a particular frequency of interest. This may
be accomplished by mixing the received RF signal with a predetermined frequency (LO
frequency) to identify the one or more signals that include a component substantially at an
intermediate (i.e., difference) frequency. In order to identify signals that may have spectral
content at different RF frequencies, the LO frequency may be swept, thereby reproducing the
spectral content of the RF signal at the fixed intermediate frequency.

[0056] RF front end system 102 may eliminate, filter, and/or reject any portions of the RF
signal that outside of the intermediate frequency. As a result, signals that are not substantially
broadband may be disqualified by RF front end system 120. RF front end system 120 may be



DK/EP 2109202 T3

configured to output a received signal strength indication (RSSI) signal indicative of the power
of the remaining broadband signal content (i.e., the broadband signals remaining at the
intermediate frequency). One exemplary RF front end system is described in U.S. Pat. No.
5,729,145 issued on Mar. 17, 1998 to Blades, which is herein incorporated by reference in its
entirety.

[0057] AC current conditioning system 130 may include one or more devices adapted to
generate a signal indicative of the load current associated with a branch of the power
distribution system. For example, AC current conditioning system 130 may include a sensor or
transformer adapted to generate a representative signal that is proportional to the low
frequency load current. It is also contemplated that AC current conditioning system 130 may be
adapted to receive one or more test signals indicative of a simulated load current as part of a
self-test process associated with device 100.

[0058] Analog processing logic 131 may include one or more logic devices configured to
analyze signals provided by RF front end system 120 and AC current signal conditioning
system 130. Based on the signal analysis, analog processing logic 131 may generate digital
signals appropriate for series arc fault analysis by microprocessor 150.

[0059] According to one embodiment, analog processing logic 131 may be adapted to monitor
the RSSI signal output by RF front end system 120 and establish, based on the RSSI signal,
upper and lower thresholds for use during analysis of the RSSI signal for series arc fault
detection. Analog processing logic 131 may be configured to identify the magnitude of the
RSSI signal in relation to each of the upper and lower thresholds. For example, analog
processing logic 131 may subsequently determine when the magnitude of the RSSI signal is
below both a lower and upper threshold level but above a minimum dynamic range level.
Similarly, analog processing logic may be configured to determine when the magnitude of the
RSSI signal is above a lower threshold level but less than an upper threshold. Additionally,
analog processing logic 131 may determine when the magnitude of the RSSI signal is above
the upper threshold. Finally, analog processing logic 131 may determine when the magnitude
of the RSSI signal is less than a minimum dynamic range level, which indicates that the RSSI
level is too low to reliably be detected within the sensitivity range of one or more of the
components of analog processing logic 131. Analog processing logic 131 may generate a
digital signal unique to each of the RSSI signal conditions described above, and provide the
digital signal to microprocessor 150.

[0060] Additionally, analog processing logic 131 may also be configured to calculate the first
derivative of the RSSI signal and analyze the first derivative of the RSSI signal to determine
whether the magnitude of the signal exhibits the time-rate-of-change characteristics associated
with a series arc-fault. According to one embodiment, analog processing logic 131 may
estimate the first derivative of the RSSI signal by estimating the slope of the RSSI using a least
square fit approximation. Analog processing logic 131 may then determine whether, for a
particular half-cycle under analysis, the slope associated with the derivative of the RSSI signal
meets a slope reference and/or slope threshold levels indicative of a series arc-fault condition.
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If one or more the above conditions are met, analog processing logic 131 may provide a signal
to the microprocessor 150 for further fault analysis.

[0061] Analog processing logic 131 may also be adapted to monitor the AC load current and
provide signals for tracking the zero crossings associated with the load current. For example,
analog processing logic 131 may generate a zero crossing mask signal based on the AC load
current. Analog processing logic 131 may analyze a signal representative of the AC load
current from the line to generate a square wave mask signal depicting "inside zero-crossing"
and "outside zero-crossing" regions. The mask signal is assigned a low logic state (e.g., logic
"0") during transition of the sinusoidal AC signal from positive amplitude to negative amplitude.
Similarly the mask signal is assigned a high logic state (e.g., logic "1") when the AC load
current is out of this region. The zero-crossing region can be defined as a time-bound region
(or referenced) around the time where the AC load current value is zero.

[0062] Because parallel arcing may be generally characterized by interruptions in load current
followed by sudden and dramatic increases in line current, parallel arc fault detection system
132 may be adapted to identify these characteristics on a power distribution circuit.
Furthermore, because these types of faults often result from random electrical arcing between
proximal conductors (as opposed to direct line contact) their duration may be sufficiently short
so as to prohibit their identification by conventional circuit breaker technology. Accordingly,
there is a need to quickly identify and mitigate these types of arcs in order to prevent persistent
arcing.

[0063] Accordingly, parallel arc fault detection system 132 may be configured to detect arcs
associated with line-neutral or line-ground faults that are typically short enough in duration so
as not to trip a conventional circuit breaker. Parallel arc fault detection system may be adapted
to detect rapid increases in current amplitude and trip within a few half-cycles of detecting the
condition. Parallel arc fault detection system 132 may include, among other things, an AC
current conditioning circuit (not shown), a temperature sensor or temperature compensation
device (not shown), a threshold level control circuit (not shown), an arc fault discriminating
circuit (not shown), a large signal event detector (not shown), and a differential fault level
discriminating circuit (not shown).

[0064] An AC current conditioning circuit may include an amplifier and a full-wave rectification
circuit configured to prepare the AC current for half-wave analysis by the parallel arc fault
detection system 132.

[0065] The temperature sensor (or temperature compensation device) and threshold level
control circuit may cooperate to adjust the one or more threshold levels based on temperature
of the line. Those skilled in the art will recognize that, because resistivity increases as
temperature of the conductor increases, the current detected by the current sensor may be
lower than the actual current flowing through the conductor (due to the sensor's calibration to
"nominal" conditions). Accordingly, the threshold level control circuit may automatically adjust
the parallel threshold trip level to compensate for line temperature determined by the
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temperature sensor.

[0066] Arc fault discriminating circuit, large signal event detector, and differential fault level
discriminating circuit may cooperate to provide an adaptive system that monitors line current
and determines if the current exceeds a trip threshold for a predetermined amount of time
(which may be established based on the current level). If the current exceeds a trip threshold
level for the predetermined time period, a trip signal may be generated and transmitted to
microprocessor 150 affecting an interruption in the electrical circuit. If the circuit interrupter is
subsequently reset, the type of fault condition will be displayed on LED devices without
impacting normal operation of the device.

[0067] Alternatively, if the current exceeds a trip threshold, but does not maintain the current
level for the duration required to initiate a trip event, the event may be recorded. If the event is
persistent, one or more threshold levels may be adjusted to lower the threshold required to
prompt an interruption in the circuit. A status indication may be provided to notify the user that
a potentially troublesome condition may exist on the circuit, although the fault conditions may
not have been met.

[0068] Ground fault detection system 134 may include a grounded neutral transmitter sensor
and a ground fault receiver sensor. These sensors may be toroid-type current sensing devices
that monitor both line and neutral conductors. A grounded neutral fault condition forms a
magnetic path that passes thru the grounded neutral toroid. This allows the grounded neutral
toroid to induce an oscillatory wave on both the line and neutral conductor. However, induced
current can only flow in the neutral wire due to the grounded neutral fault path. The current
imbalance between the line and neutral wires is sensed by the differential ground fault toroid.
In response to this current imbalance, a ground fault trip signal may be provided to the breaker
trip circuit (e.g., SCR driver). An exemplary embodiment of the ground fault detection system is
illustrated in FIG. 2A.

[0069] Differential fault detection system 136 may be adapted to monitor the net current
between a primary line and a neutral line, and compare the net current with the AC load
current signal. If the comparison indicates that the difference between the net line-to-neutral
current is inconsistent with a load current by a predetermined acceptable amount (which may
be indicative of current leakage in the distribution system), a differential fault may be detected
and a trip signal may be generated.

[0070] Those skilled in the art will recognize that ground fault detected system and differential
fault detection system may be combined in a single unit. Alternatively, in certain situations
where ground fault protection is not required or desired by a user, ground fault protection
system 134 may be disconnected or disabled (e.g., via a selector switch (not shown)).

[0071] Health monitoring system 138 may embody any device adapted to periodically receive
a status indication from microprocessor 150 and generate a response if the status indication is
inconsistent with a predetermined status. The status indication may include, for example, a
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heartbeat signal that is provided by the microprocessor at predetermined intervals. Each
heartbeat signal may indicate that systems associated with microprocessor 150 have "checked
in" and are fully operational. If the status indication is either delayed or not received by system
138 in accordance with a predetermined schedule, system 138 may reset microprocessor 150.
If the problem persists, system 138 may generate a trip signal and record a trouble code
indicative of the presence of a potential microprocessor error.

[0072] Microprocessor 150 may include one or more devices adapted to receive processed
data signals associated with the high and low frequency analysis performed by ASIC 110 and
analyze the data to identify the presence of one or more series arc fault conditions. As
illustrated in FIG. 2, microprocessor 150 may include a series arc fault detection system 151,
zero crossing (ZC) mask debouncing circuit 152, an ASIC test monitor circuit 153, and an LED
logic circuit 154.

[0073] Series arc fault detection system 151 may be adapted to receive a plurality of digital
signals from ASIC 110 and analyze these signals to determine the presence of series arc faults
in the line. According to one exemplary embodiment, series arc fault detection system 151 may
compare the received signals with a mask signal indicative of a square wave corresponding to
the load current. Based on the comparison, series arc fault detection system 151 may identify
and filter (or otherwise disqualify) signals that do not correspond with series arc fault signals.
Once potential series arc fault signals have been isolated, series arc fault detection system 151
may employ a weighted counting function to identify series arc faults from among broadband
noise signals.

[0074] ZC mask debouncing circuit 152 may be adapted to receive a ZC mask signal from
ASIC 110 and filter or smooth noise associated with the mask signal. For example, ZC mask
debouncing circuit 152 may include one or more filters for removing superfluous and/or
abnormal frequency components from the mask signal. Alternatively and/or additionally, ZC
mask debouncing circuit 152 may include an exponential smoother or averaging algorithm
adapted to remove any electrical "jitter" or noise that may have been injected into the signal.
Additional and/or different components than those listed above may be employed to filter noise
from and/or smooth the mask signal.

[0075] ASIC test monitor 153 may be configured to initiate, monitor, and record results
associated with an ASIC test conducted by microprocessor 150. For example, microprocessor
150 may conduct a test of ASIC 110 to determine whether ASIC 110 is operating in accordance
with predetermined system parameters. ASIC test monitor 153 may also be adapted to monitor
and record the test results, initiate ASIC tests, and temporarily suppress arc fault detection
operations associated with device 100 while a test is in progress (to prevent the tripping of the
device as a result of a test sequence).

[0076] LED logic 154 may include one or more devices for displaying status codes associated
with device 110. It is contemplated that, although certain embodiments illustrate output logic as
an LED-based coding system, additional and/or different methods of status notification may be
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implemented such as, for example, audio and/or a combination of audio and visual notification
signals. As explained, display 104 may be configured to route signals generated by LED logic
154 to a surface of housing 110 associated with device 100.

[0077] Microprocessor 150 may include one or more memory devices for storing information
associated with device 100. Memory devices may include any type of memory device suitable
for the storage of data associated with operations of device 100. For example, microprocessor
150 may include one or more data registers for storing data indicative of the status of device
100. According to one embodiment, microprocessor 150 may be adapted to store fault-related
information instantaneously, in the event of a detected fault. Because microprocessor 150 can
store status information in a manner of microseconds during the time required for an actuator
associated with device 100 to interrupt the circuit (typically milliseconds), those skilled in the art
will recognize that microprocessor 150 can store the status information at the time of the trip,
without unnecessarily delaying a trip condition to store the information.

[0078] According to one exemplary embodiment, microprocessor 150 may include one or
more flash memory devices (not shown) for storing fault codes and/or device status
information. The flash memory devices may store the information for a predetermined time
period (e.g., 30 days, 60 days, etc.) or until the device is reset, whichever is later.
Microprocessor 150 may display the information via display 104 once power is restored to the
device. Alternatively or additionally, microprocessor 150 may be powered by a battery or other
backup power supply. Accordingly, microprocessor 150 may display fault codes stored in flash
memory, even in the absence of a power connection to the electrical power circuit.

[0079] SCR driver 160 may be configured to detect the presence of one or more trip signals
and actuate a switching device to interrupt the circuit connection between the power supply
and the load. For example, SCR driver 160 may be communicatively coupled to each of series
arc fault detection system 151, parallel arc fault detection system 132, ground fault detection
system 134, differential fault detection system 136, health monitoring system 146, and/or
microprocessor 150. SCR driver may detect fault signals from each of these systems and
operate a switch that interrupts the circuit connection between the power supply and the load,
thereby mitigating fault and fault-like conditions.

[0080] Processes and methods consistent with the disclosed embodiments provide an arc
fault circuit interrupting device that can identify arc faults present in a power distributions
system, while minimizing nuisance trips associated with signals that closely resemble the arc
fault conditions. These processes may include methods for establishing an arc fault count
system, whereby a received signal is monitored and compared with an ideal arc fault signal
(e.g., mask signal). The fault count system may increment during periods of strong correlation
between the ideal signal and the received signal, and may decrement during periods of low
correlation. A trip signal may be generated if the fault count level exceeds a predetermined
fault threshold.

[0081] FIG. 3 provides a flowchart 300 illustrating an exemplary method of operation
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associated with device 100 in accordance with certain disclosed embodiments. As illustrated in
FIG. 3, device 100 may monitor power line signals associated with a power circuit with which
device 100 may be connected (Step 310).

[0082] Device 100 may separate the high-frequency and low-frequency components of the
monitored power line signals (Step 320). For example, device 100 may include a high-pass
and a low-pass filter electrically coupled to the power line. The high pass filter may be selected
with a cutoff frequency substantially higher than 60 Hz (e.g., 1 MHz), while the low pass filter
may be selected with a cutoff frequency slightly higher than 60 Hz (e.g., 90 Hz). Low pass
signals may be passed to a portion of device 100 adapted to determine the presence of
parallel arc fault conditions (Step 325).

[0083] Device 100 may analyze the high frequency signal, identify and reject one or more
portions of the high-frequency signal that are narrowband, and generate a received signal
strength indication (RSSI) signal (Step 330). For example, as explained, RF front end 120 may
include a heterodyne receiver adapted to tune narrowband signals to an intermediate
frequency. The narrowband signals may be identified by significant spectral energy at one or
more discrete frequencies, with little or no frequency component outside of those discrete
frequencies. Accordingly, these narrowband signals may be rejected by device 100, allowing
the passage of only broadband signals for further analysis. These broadband signals may
include portions of the high frequency signal that contain spectral content similar to that of
series are faults.

[0084] Device 100 may be adapted to generate upper and lower threshold levels associated
with each RSSI signal that is generated, based on the RSSI signal amplitude. For instance,
device 100 may establish a lower threshold level at a lower percentage (e.g., 25%) of the
magnitude of the RSSI signal. This lower threshold level may be determined as an optimum
level appropriate for distinguishing large dips associated with non-arcing or nuisance signals
from random perturbations associated with arc fault signals. According to one exemplary
embodiment, the lower threshold level may be established at approximately 25% of a
respective RSSI signal.

[0085] Similarly, device 100 may establish an upper threshold level at a percentage of the
magnitude of the RSSI signal (e.g., 62.5%). This upper threshold level may be determined as
an optimum level appropriate for distinguishing relatively small dips associated with non-arcing
or nuisance signals from random perturbations associated with arc fault signals, as is the case
with the lower threshold level. However, the upper threshold may be established to distinguish
variations in RSSI signals that may be small enough in magnitude so as not to "trigger" the
lower threshold level.

[0086] Device 100 may generate a mask signal, based on the low frequency component of a
power line signal (Step 340). The mask signal may include, for example, a square wave signal
corresponding to a load current signal, where portions of the signal within a predetermined
range of the zero crossing are assigned a mask value of logic "0", while portions of the signal
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outside the predetermined range of the zero crossing may be assigned a mask value of logic
"1". As those skilled in the art will recognize, the resulting mask signal will include a rectified
square wave corresponding to the load current. The zero crossing regions associated with the
mask value may be used to reject nuisance signals, as true arc faults are synchronous with the
fundamental frequency (e.g., 60 Hz) of the electric circuit. Thus, signals that have large
amounts of spectral content within the zero-crossing region are asynchronous with the
fundamental frequency and may be disqualified as potential arc-fault activity.

[0087] Device 100 may compare the RSSI signal with one or more threshold levels within the
"outside" zero crossing region of the mask signal (i.e., the portion of the mask signal
associated with logic "1 "). While the RSSI signal exceeds a lower threshold level (Step 350:
Yes), device 100 may increment a fault count value associated with microprocessor 150 (Step
352) by a first count rate. If a fault count value stored in the fault counter exceeds a
predetermined fault limit (Step 354: Yes) a trip signal may be generated to actuate a circuit
interrupting device (Step 356). Alternatively, if the fault count value does not exceed the fault
limit (Step 354: No), device 100 may return to step 310 and continue monitoring the power
distribution circuit.

[0088] While the RSSI signal is less than the lower threshold (Step 360: Yes), device 100 may
decrement a fault counter associated with microprocessor 150 (Step 362) by a first count rate.

[0089] In addition to monitoring the time that the magnitude of the RSSI signal is above a
minimum threshold, microprocessor 150 may monitor the number of times that the magnitude
of the RSSI signal crosses the upper and lower thresholds. Specifically, microprocessor 150
may count the RSSI threshold crossings (either or both of upper and lower threshold
crossings) and reset the fault counters if the threshold crossing(s) exceed a predetermined
threshold crossing limit (Step 364).

[0090] To disqualify nuisance signals, device 100 may compare the number of threshold
crossings with predetermined crossing limits for each of the upper and lower threshold
crossings. If the number of upper threshold crossings exceeds a limit for the number of upper
threshold crossings, device 100 may reset the fault counter to a default value (e.g., zero).
Similarly, if the number of lower threshold crossings exceeds a limit for the number of lower
threshold crossings, device 100 may reset the fault counter to the default value. Because the
amplitude fluctuation required to cross the upper threshold level is substantially less than the
amplitude fluctuation required to cross the lower threshold level, the crossing limit associated
with the upper threshold level may be higher that the crossing limit for the lower threshold
level.

[0091] Typically, arc fault signals may be characterized by rapid, extreme changes in
amplitude of the RSSI signal. These types of signals may be distinguished from broadband
noise and other nuisance signals, which generally exhibit more gradual and/or predictable
behavior. Accordingly, nuisance signals may be identified and/or rejected by analyzing the
slope (i.e., the rate of change of amplitude over a period of time) and comparing the analyzed
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slope to a predetermined slope threshold. FIG. 4 provides a flowchart 400 illustrating an
exemplary method for analyzing the slope of the RSSI signal and rejecting nuisance signals
based on the analysis.

[0092] As illustrated in FIG. 4, processor 150 may receive signals indicative of an RSSI signal
(Step 410) from ASIC 110 and estimate the slope of the RSSI signal (Step 420). The slope may
be estimated by calculating the first derivative of the RSSI signal with respect to time.
Alternatively and/or additionally, the slope may be approximated using a least square fit
method or some other slope approximation technique.

[0093] Device 100 may employ a "peak hold" function to capture peaks of the RSSI slope
signal (Step 430). Ideally, the peak associated with an arc fault signal for a particular half-cycle
will occur at or near the rising edge of the mask signal. If the "peak hold" slope signal is less
than a slope threshold (Step 440: Yes) (indicating that the RSSI signal is not likely indicative of
a fault condition) microprocessor 150 may decrement the fault counter by a second count rate
(Step 445), which may be greater than the first count rate employed when the RSSI signal is
below the lower threshold, thereby penalizing those signals that do not correlate closely with
arc fault slope characteristics. Alternatively, if the "peak hold" signal is greater than the slope
threshold (Step 440: No) at or near the beginning of the outside zero crossing region,
microprocessor 150 may increment the fault counter at the normal rate (indicating the signal
correlates with an arc-fault condition at that time period.)

[0094] Alternatively and/or additionally, if the RSSI slope is greater than the slope threshold
only outside the zero crossing region (i.e., not at or near the zero crossing region) (Step 450:
Yes) microprocessor 150 may reset the fault counter to a predetermined value (e.g., zero).
Because series arc fault typically have RSSI slope peaks at or near the zero-crossing region,
RSSI slope peaks that are detected later in the outside zero crossing region and exceed the
initial RSSI peak at or near the zero crossing region may indicative of a nuisance signal. As
such, microprocessor 150 may zero the fault count value, essentially rejecting the signal as a
non-arc signal.

[0095] FIGS. 5-7 provide graphs that illustrate, by way of signal analysis, exemplary
processes consistent with the disclosed embodiments. For example, FIG. 5 illustrates an
exemplary process for generating mask signals based an AC load current. For reference, FIG.
5A illustrates an exemplary ideal AC load signal. In contrast, FIG. 5B illustrates and half-wave
rectified arc-fault-coupled AC load signal. As previously explained, this signal may be
processed by analog processing logic 131 to produce a zero crossing mask signal, illustrated
in FIG. 5C, characterized by respective inside (corresponding with logic "0") and outside
(corresponding with logic "1") zero crossing regions.

[0096] FIG. 6 illustrates a count method associated with an exemplary arc-fault signal. First,
FIG. 6Aillustrates an RSSI signal generated by analog processing logic 131 of device 100. The
RSSI signal may contain a DC offset that can be corrected by subtracting the amplitude of the
mask signal in the outside zero crossing region from peak amplitude of the RSSI signal. The
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resulting "DC offset-corrected" RSSI signal is illustrated in FIG. 6B.

[0097] Once the RSSI signal has been corrected, the signal may be compared with the lower
threshold level, the results of such comparison may be recorded by a fault counter. The status
of the fault counter associated with the analysis of FIG. 6B is illustrated in FIG. 6C. For
example, while the peak amplitude of the RSSI signal exceeds the lower threshold level, a fault
counter may be incremented. Similarly, while the peak amplitude of the RSSI signal is below
the lower threshold level, the fault counter may be decremented. When the fault counter
reaches a fault level threshold, as in the fifth half-cycle of the RSSI signal frame, a trip signal
may be generated, thereby initiating a fault sequence. It should be noted that, in certain
situations, the rate at which the fault counts are incremented and/or decremented by may be
adjusted (e.g., weighted) to give preference or to penalize certain conditions more severely.
Thus, if the RSSI does not increase in amplitude at the rising edge of the zero crossing region
(indicating the increased likelihood that the signal is not a series arc fault), the fault counter
may be decremented at twice the normal rate.

[0098] FIGS. 7A-7C illustrate an exemplary situation where the presently disclosed count
method properly discriminates a nuisance signal. FIG. 7A illustrates an RSSI generated by
analog processing logic 131 in accordance with the disclosed embodiments. The RSSI signal
may be corrected using the DC offset and/or mask signal tracking features described above.
The resulting DC offset-corrected signal is illustrated in FIG. 7B.

[0099] FIG. 7C illustrates an exemplary status of a fault count value based on analysis of the
corrected RSSI signal of FIG. 7B. This example includes several conditions that indicate that
the monitored signal does not constitute an arc fault signal. For example, in analyzing the first
half-cycle of FIG. 7B, microprocessor 150 properly increments the timer when the magnitude
of the RSSI signal exceeds the lower threshold. Halfway through the first half-cycle,
microprocessor 150 decrements the fault counter corresponding to the temporary decline in
the magnitude of the RSSI below the lower threshold level. When the magnitude of the RSSI
signal returns to above the lower threshold, microprocessor 150 begins to increment the fault
counter, as expected. Shortly thereafter, microprocessor resets the value of the fault counter to
zero, which corresponds with the 10.sup.th crossing of the upper threshold by the magnitude
of the RSSI signal, which (in this embodiment) exceeds the upper threshold crossing limit set in
the microprocessor 150.

[0100] Moving now to the second half-cycle of FIG. 7B, microprocessor 150 properly
increments and decrements the fault counter corresponding to the status of the magnitude of
the RSSI signal with the lower threshold. Unlike the portion of the signal associated with the
first half-cycle, the magnitude of the RSSI signal only crosses the upper (and lower) threshold
levels twice, substantially less than the ten threshold crossings that are required to reset the
fault count value.

[0101] Moving now to the third half-cycle, because the magnitude of the RSSI fails to exceed
the upper threshold level substantially during the zero crossing, microprocessor 150 correctly



DK/EP 2109202 T3

identified the signal as substantially non-conforming, as a strong characteristic of series arc-
fault signals is their rapid increase in RF energy at or near the zero crossing region.
Accordingly, microprocessor 150 decrements the fault count value at an increased count rate,
additionally penalizing this signal for the failure to meet this characteristic of series arc-fault.
For the remaining portion of the half-cycle, microprocessor 150 increments and decrements
the fault count value, as expected, based on the upper and lower threshold crossings.

[0102] Continuing with the analysis of the forth half-cycle of the RSSI signal of FIG. 7B,
because the zero crossing region preceding the fourth half-cycle includes a significant amount
of RF energy inside the zero crossing region (see FIG. 7A), indicating the high likelihood that
the RSSI signal within the fourth zero crossing region is supplemented by asynchronous
(nuisance-type) activity. Accordingly, when generating the corrected RSSI signal of FIG. 7B, the
magnitude of the "noise" inside the zero-crossing region is removed from the corrected RSSI
signal outside the zero-crossing region. The threshold levels are re-calculated for this portion
of the half-cycle. As illustrated in FIG. 7C, microprocessor 150 correctly increments the fault
count value initially, when the magnitude of the RSSI signal exceeds the lower threshold level.
However, once the signal falls below the minimum dynamic range reference (although greater
than the lower threshold level), microprocessor 150 decrements the fault count value, as RSSI
signals with upper thresholds less than the minimum dynamic range are indicative of non arc-
fault type activity.

[0103] Moving now to the fifth half-crossing, microprocessor 150 properly increments and
decrements the fault count value consistent with the status of the magnitude of the RSSI signal
compared to the lower threshold. Toward the middle of the half-crossing, microprocessor
resets the value of the fault counter to zero, which corresponds with the 6.sup.th crossing of
the lower threshold by the magnitude of the RSSI signal, corresponding to the lower threshold
crossing limit set in the microprocessor 150. Accordingly, each subsequent lower threshold
crossing during the fifth half-cycle resets the fault count value.

[0104] In addition to determining the presence of a series arc-fault by monitoring the RSSI
signal, device 100 may be configured to monitor the first derivative of the RSSI signal to further
aid in discriminating between series arc-fault conditions and nuisance signals.

[0105] FIGS. 8A-8D illustrate an exemplary scenario, where slope of the RSSI signal can
further aid in distinguishing between series arc faults and nuisance signals. FIG. 8A illustrates
an RSSI generated by analog processing logic 131 in accordance with the disclosed
embodiments. The RSSI signal may be corrected using the DC offset and/or mask signal
tracking features described above. The resulting DC offset-corrected signal is illustrated in FIG.
8B.

[0106] FIG. 8C illustrates the slope of the RSSI signal as determined by microprocessor 150
using an 8-sample least square fit approximation. A peak hold function may also be used to
determine a slope reference level associated with a particular half-cycle under investigation.
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[0107] Microprocessor 150 may first analyze the RSSI signal to determine whether to
increment or decrement the fault counter based on the magnitude of the RSSI signal in
comparison with the lower threshold, as described in connection with the analysis of FIGS. 7A-
7C. As a secondary measure, microprocessor 150 may then analyze the slope of the RSSI
signal to determine any additional actions that may be required to "correct" the analysis of the
RSSI signal. One reason for this is that series arc-fault activity is generally characterized as
having a maximum time-rate-of-change for a half-cycle at (or substantially near) the zero-
crossing region. Accordingly, slope of the RSSI signal may provide a simple method for
identifying the maximum time-rate-of change of the amplitude of the RSSI signal. If the time
rate of change of amplitude of the RSSI signal is not a maximum for a particular half-cycle at or
near the zero-crossing region, the fault count value may be decremented.

[0108] For example, as illustrated in FIG. 8D, in analyzing the first half-cycle of the RSSI
signal, microprocessor 150 may properly increment the fault count value, as the magnitude of
the RSSI signal is above the lower threshold and the initial slope of the RSSI signal is at an
initial maximum value. However, the fault count value is subsequently reset because the slope
of the RSSI is at a maximum substantially later than the zero-crossing region. Microprocessor
150 may continue incrementing and decrementing the fault count value thereafter, consistent
with principles previously illustrated. For example, later in the first half-cycle, the fault count
value is reset when the magnitude of the RSSI signal exceeds the upper threshold crossing
limit.

[0109] Moving now to the second half-cycle, microprocessor 150 may initially increment the
fault counter, as the magnitude of the RSSI signal is above the lower threshold. However,
similar to the first half-cycle, the peak value of the slope threshold is at a maximum at some
time after the zero-crossing region. Thus, on detection of the delayed maximum value,
microprocessor 150 may reset the fault count value. Thereafter, microprocessor 150 may
increment and decrement the fault count value consistent with the analysis of the RSSI signal.

[0110] In addition to analyzing the timing of the maximum or "peak hold" value of the slope of
the RSSI signal in relation to the zero-crossing region, microprocessor 150 may be configured
to analyze the magnitude of the "peak hold" signal. For example, as illustrated in the third half-
cycle of FIG. 8C, the magnitude of the slope of the RSSI signal never reaches a minimum
slope reference threshold level. As a result, the fault count value may be decremented until the
magnitude of the slope of the RSSI reaches a minimum threshold value. In the exemplary
embodiment illustrated in FIG. 8C, the magnitude of the "peak hold" signal reaches a minimum
slope reference threshold signal midway through the fourth half-cycle. Accordingly, because
the RSSI level is above the lower threshold level and the magnitude of the "peak hold" signal
exceeds the minimum slope reference threshold, microprocessor 150 may continue to
increment the fault count value consistent with the disclosed embodiments.

[0111] Moving now to the fifth half-cycle, because the initial value of the RSSI signal is above
the lower threshold level and because the initial magnitude of the slope of the RSSI signal is at
an initial maximum, microprocessor 150 initially increments the fault count value. However,
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because a subsequent slope maximum is detected substantially after the rising edge of the
zero crossing region, microprocessor 150 resets the fault count value. Microprocessor 150
continues to analyze the RSSI signal and increment and decrement the RSSI signal thereafter,
consistent with the disclosed embodiments. For example, after resetting the fault counter in
response to the slope of the RSSI signal, microprocessor 150 increments the fault count value,
as the magnitude of the RSSI signal exceeds the lower threshold level. However,
microprocessor 150 subsequently resets the fault count value in response to detecting the
sixth (and each subsequent) lower threshold crossing.

[0112] Processes and methods consistent with the disclosed embodiment provide a self-
monitoring system for testing the status of ASIC 110 and microprocessor 150 to ensure that
each system is operating in accordance with certain predetermined specifications. FIG. 9
provides a flowchart 900 depicting an exemplary self-test method performed by processor 150
and analyzed by ASIC 110.

[0113] Processor 150 may perform a self-check by polling one or more of the devices or
subsystems of processor 150 (Step 910). According to one exemplary embodiment, this self-
check may be initiated automatically by processor 150 to periodically verify the appropriate
operation of the processor components. Alternatively, this check may be initiated by a test
request provided by the user (e.g., by pressing a "push-to-test" button associated with device
100).

[0114] During the test, the processor may test each device of processor 150 either actively, by
executing a test software routine, or passively, by polling the device and receiving a status
indication from the device. For example, processor 150 may perform RAM checks to ensure
appropriate operation of a RAM module, CRC or checksum routines to detect errors in the
transmission and storage of data associated with processor 150, and/or execute watchdog
timers to detect sequencing errors associated with processor 150. Processor 150 may
compare test data with predetermined operational specifications for each device and
determine if the device is operating within acceptable tolerances of these specifications (Step
920). If the device is operating within the predefined specifications (Step 920: Yes), processor
150 may provide a status confirmation signal (e.g., a "heartbeat” signal) to processor health
monitor 138 of ASIC 110 (Step 930). Additionally, the "heartbeat” signal may be output on
display 104 associated with device 100 to notify a user that the processor is operating
appropriately (Step 935).

[0115] Processor health monitor 130 of ASIC 110 may determine whether the heartbeat signal
was received within an appropriate time interval (Step 940). For example, processor 150 may
provide a self-check initiation signal to ASIC 110 upon commencement of the self-check
process. ASIC 110 may start a timer that records the time elapsed between a test initiation and
the reception of the heartbeat signal from processor 150. If the signal is received within a
predetermined acceptable time interval (Step 940: Yes), device 100 will be allowed to continue
with normal operations. If the signal is not received within an appropriate amount of time (Step
940: No) or if the processor is not operating within the predefined specifications (Step 920:
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No). Accordingly, ASIC 110 may reset and/or restart processor 150 in an effort to alleviate a
potential problem with the processor (Step 942). If the processor responds after restart and
performs a subsequent startup self-check appropriately (Step 944: Yes), device 100 will
continue with normal operation. If, however, the processor does not respond after restart or
fails to pass the startup self-check (Step 944: No), device 100 may generate a trip signal to
actuate a circuit interrupting device (Step 946).

[0116] With complementary means of evaluating the proper operation and functionality of
each of the critical blocks (i.e. ASIC and microprocessor) there is an added layer of protection
that assures that, if there is a potential failure by the microprocessor 150 or the ASIC 110, the
device has means of disabling itself from protection.

[0117] FIG. 10 provides a flowchart 1000 depicting an exemplary disclosed ASIC test process.
ASIC test process may be initiated (Step 1010) by microprocessor 150 either automatically or
in response to a user-prompted test request. A successful user-prompted test will result in a
trip signal and thus fully testing all aspects of the electronics providing GFCI and/or AFCI
protection. On the other hand, a test process initiated by the microprocessor 150 will only
result in a trip signal if the test process renders a failure result.

[0118] As illustrated in FIG. 10, the test process may be executed in a cascade (i.e.,
sequential) manner. For example, according to one exemplary embodiment, the test process
may first analyze a series-arc fault detection module to test for proper operation of one or
more of the components and subsystems associated therewith. The test process may then
proceed to analyze the parallel arc-fault detection module to test for proper response to
parallel-arc fault conditions. Subsequently, the test process may proceed to analyze the
differential and/or ground-fault detection modules (either in parallel or in series) to ensure
proper response to differential and ground-fault conditions.

[0119] As an alternative to performing the test process for each component in series,
microprocessor 150 may be adapted to perform each of these processes in parallel and/or
separately from one ancther (e.g., at different time intervals). For example, in a self-test
process, microprocessor 150 may be configured to perform test processes associated with
each detection module at predetermined time intervals (e.g., hourly, daily, weekly). The time
interval for each detection module may be substantially similar. Alternatively, time intervals may
be staggered to reduce any processing burdens that may be associated with simultaneously
and/or sequentially testing each of the modules. Thus, the timing and/or sequence of test
processes illustrated in FIG. 10 is exemplary only and not intended to be limiting.

[0120] Microprocessor 150 may provide a test command signal to prompt RF noise generator
140, test signal oscillator 142, and GFCI stimulus oscillator 144 to generate respective RF
signals, AC load signals, ground fault and differential test fault signals (Step 1020). In response
to this test command signal, each of RF noise generator 140, test signal oscillator 142, and
GFCI stimulus oscillator 144 may generate test signals for testing the hardware and/or
software components of the respective module. Test processes for each of series-arc fault
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detection module, parallel-arc fault detection module, and differential and/or ground-fault
detection module will now be described in detail.

[0121] In response to a test command signal from microprocessor 150, RF noise generator
140 may generate a broadband noise signal for testing operation of the series-arc fault
detection module. This broadband noise signal may include any RF signal that comprises
sufficient similarities to an actual series arc-fault signal to test each of the series arc-fault
monitoring and analysis functions, but that will fail to meet all of the analysis requirements
necessary to trigger detection of a fault condition. For example, the broadband noise signal
may be configured with sufficient interruptions in the signal to reset the fault count value before
the fault count value reaches the threshold fault count value.

[0122] According to one exemplary embodiment, RF noise generator 140 may be configured
to generate a nuisance-type signal that, although sharing many of the same characteristics of
a series-arc signal (e.g., broadband signal characteristics, slope characteristics, instantaneous
rush of high-amplitude activity at zero-crossing, etc.), may contain too large a number of
amplitude interruptions (or "gaps") to trigger a series-arc fault condition. While resembling
some portions of an arcing condition, the characteristics of the broadband noise signal may
advantageously be such that other AFCI devices in proximity to device 100 that may detect the
broadband noise signal do not trip unnecessarily. This nuisance signal may include, for
example, a signal adapted to behave similar to a broadband power line (BPL) communication
device. Furthermore, this signal may be selected to exercise a plurality of analysis techniques
employed by device 100, such as, for example, fault count value adjustments, applications of
the weighted threshold and fault count rates, counting of the number of threshold crossings,
counter incrementing and/or decrementing processes, slope analysis techniques (e.g., peak
hold, slope calculations, etc.), and generation of the series-arc fault trip signal.

[0123] In response to the generation of the test signal, microprocessor 150 may be configured
to establish a test fault count value threshold. The test fault count value threshold may be
lower than the threshold fault count value used under "normal” (i.e., non-test) operation of the
device. Because the RF test signal is specifically designed not to trip device 100 under
"normal” operations, the establishment of a test fault count value threshold that is lower than
the threshold fault count value may: 1) provide sufficient time to determine whether the
components and/or subsystems of the series-arc fault detection module are operating
appropriately, without having to establish a predetermined time window for analysis (otherwise,
microprocessor 150 may not know when the test process is complete); and 2) provide a
mechanism for ensuring that the threshold value comparison function performed by
microprocessor 150 is working properly.

[0124] Alternatively and/or in addition to establishing a test fault count value threshold,
microprocessor 150 may establish a time limit for successful completion of the test process.
This time limit may be predetermined and may be established as sufficiently long enough to
determine whether the components and/or subsystems of the series arc-fault detection module
are operating appropriately, without requiring the device to forego "normal” operations for too
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long while conducting the test. According to one exemplary embodiment, this time period may
correspond with substantially the same time typically required to successfully identify a series
arc-fault (e.g., five (5) power signal half-cycles).

[0125] Upon establishing the test fault count value and/or the test time limit, microprocessor
150 may be configured to monitor the response of each of the hardware and/or software
components of the series-arc fault detection module in order to ensure proper response to the
broadband noise signal. According to one embodiment, only microprocessor 150 is aware that
device 100 is under test. Thus, microprocessor 150 is configured to determine whether device
100 is as responsive to the broadband noise signal as during normal operations of the circuit.

[0126] According to one embodiment, microprocessor 150 may be configured to analyze the
RSSI and slope amplitude data relative to the upper and lower threshold limits and compare
this data with the broadband noise signal generated by RF noise generator 140 to determine
whether the threshold analysis functions of the series arc-fault detection module are operating
appropriately. If one or more of the threshold analysis functions is not operating according to
predetermined specifications, microprocessor 150 may generate a test fault failure signal.

[0127] Microprocessor 150 may also be configured to determine whether the upper and lower
threshold crossing counters are working properly, based on the RSSI amplitude data received
from ASIC 110. For example, microprocessor 150 may ensure that each threshold crossing
instance is accompanied by a corresponding change in an appropriate threshold counter. If
one or more of the threshold crossing counters is not operating according to predetermined
specifications, microprocessor 150 may generate the test fault failure signal.

[0128] Microprocessor 150 may also be configured to determine whether the slope analysis
functionality of ASIC 110 is operating appropriately. For example, if during a particular clock
pulse, the amplitude of the RSSI signal crosses from below the lower amplitude threshold to
above the upper amplitude threshold, microprocessor 150 may ensure that this change, which
is indicative of a dramatic change in the slope of the RSSI signal, is accompanied by a
corresponding change in the slope value provided by ASIC 110.

[0129] Microprocessor 150 may also be configured to analyze adjustment to the fault count
value. For example, in addition to monitoring whether ASIC 110 properly recognizes changes
in amplitude of the RSSI signal, microprocessor 150 may also be configured to ensure that that
fault count value is adjusted properly based on the amplitude of the RSSI signal. For example,
microprocessor 150 may monitor the fault counter to ensure that when the amplitude of the
RSSI signal is below a lower amplitude threshold that the fault count value is reduced by the
appropriate weight factor.

[0130] According to one embodiment, microprocessor 150 must observe proper functionality
of each of the analysis features during the test process before one or more of the fault count
value exceeds a test fault count value threshold and the expiration of the testing time period. If
one or more of the conditions are not met, microprocessor 150 may generate a test failure
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signal that stores a test failure condition in memory (for future retrieval and display) and
causes a trip circuit to trip device 100. If, on the other hand, microprocessor 150 determines
that each of the analysis features is functioning appropriately, microprocessor 150 may analyze
parallel-arc fault, ground fault, and differential fault test processes.

[0131] Similar to RF noise generator, test signal oscillator 142 may generate a signal
indicative of a parallel arc-fault condition and the GFCI stimulus oscillator 144 may generate an
AC load signal indicative of ground and differential faults, respectively. In contrast with the RF
test signal, however, the signals indicative of parallel arc-fault and ground and differential fault
conditions are sufficient to actually trip the breaker. Accordingly, microprocessor 150
suppresses trip signals generated by parallel-arc fault and ground/differential fault detection
modules, as long as each module trips within the appropriate time period.

[0132] For example, microprocessor 150 may monitor the time elapsed between generation
of each of the test signals for analyzing parallel arc-fault detection module 132, ground fault
detection module 134, and differential fault detection module 136. In response to the
respective test signal, each of the modules may generate a trip signal. If the time elapsed
between the generation of the test signal and the generation of the trip signal in response to
the test signal is less than a threshold time limit, microprocessor 150 suppresses the trip signal
(i.e., does not deliver the trip signal to the trip circuit). If, one the other hand, the time elapsed
exceeds the threshold time limit, microprocessor 150 passes the trip signal to a trip circuit to
trip the device.

[0133] Upon initiating the self-test, processor 150 may await responses from each of the fault
detection subsystems associated with ASIC 110. Because processor 150 is aware that each of
the test subsystems associated with ASIC 110 are under test conditions, processor 150 may
verify that each subsystem is responding in an appropriate manner associated with the
processing of each respective test signal. For example, processor 150 may determine that, in
response to a parallel arc-fault type signal that parallel arc fault detection system 132 is
approaching a fault detection threshold. Similarly, processor 150 may determine that analog
processing logic 131 has responded appropriately to the broadband communication signal
contained in the RF test signal by generating the mask signal, generating and analyzing the
RSSI, and rejecting the communication signal as a nuisance signal.

[0134] In steps 1030-1060, processor 150 may await confirmation that each of the test signals
caused appropriate responses with their respective detection subsystems. If one or more of
the test signals fail to respond appropriately, processor 150 may generate a trip signal (Step
1080) and provide a test fail indication to display 104 (Step 1030-1060: No). If all of the
subsystems properly respond, processor 150 may determine whether the responses were
registered within an acceptable time period. If the responses were not received within a
predetermined acceptable time interval (Step 1060: No), processor 150 may generate a trip
signal. If, however, the fault signals are received within an acceptable time interval (Step 1070:
Yes), a test pass notification may be provided to display 104. In embodiments wherein the test
is performed periodically and/or automatically, microprocessor 150 may initiate the test at
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predetermined intervals.

[0135] Before the device frips, the processor 150 will determine the trip condition. The trip
condition will be stored in the device for a predetermined amount of time or condition. Upon
reset and power-up the device will display the previous trip condition. The indication is present
for a pre-determined amount of time (e.g., 5 seconds). The display of the last known trip
condition may occur for a predetermined amount of time (e.g., display last known trip condition
every power-up of the device to within the next 30 days). If, during this predetermined period, a
new fault condition occurs, the new trip condition will be stored and reported during the next
power-up for a predetermined amount of time.

[0136] According to one exemplary embodiment, for each of the self-test and user-initiated
test processes, a non-arcing signal may injected upstream of the RF sensor, where the non-
arcing signal avoids causing adjacent breakers to trip when they receive the injected test
signal. If the series arc fault detection module associated with device 100 properly reacts to the
stimulus, the processor provides an artificial signal indicative of an arc to the parallel arc fault
detection module. The various series arc fault, parallel arc fault, and ground arc fault detection
modules are arranged in a chain and pass failure states from one module to the next. The self-
test process verifies a positive health condition of each module before a timer expires and then
stops the test stimulus before a tripping condition arises, thereby preventing device 100 from
tripping. In contrast, the push-to-test process verifies a positive health condition of each
module before the time expires and generates a test trip signal, which trips device 100. Before
tripping, however, processor 150 stores the trip condition as a test trip, indicating that the trip
resulted from successful completion of the push-to-test process (as opposed to an actual fault
condition.)

[0137] As an alternative embodiment of the self-test sequence the test signal oscillator 142
may be implemented as a direct current source. Once the self-test has been initiated, the RF
coupler 107 and the RF front end 120 are stimulated by the RF oscillator block, which can
reside in the ASIC 110 or the microprocessor 150. The stimulus may contain a broadband high
frequency component modulated by a low frequency component. The stimulus may propagate
to analog processing logic 131 allowing for its outputs to render an according response that will
be captured by the microprocessor 150, which then provides stimulus into parallel arc fault
detection circuit. The ASIC health logic block detects proper function of the parallel arc fault
block and sends out a stimulus (DC current) to the 50/500 mA differential fault detection block.
ASIC health logic receives a response from the differential fault detection block and sends out
a stimulus (DC current) to 5 mA GFCI fault detection block which immediately sends a stimulus
(a much higher DC current) to the 50/500 mA GFCI which immediately sends the internal trip
signal back into the ASIC health logic. The ASIC health logic delays the internal trip signal by a
small amount of time (e.g., 25 microseconds) while it pulls the self-test (microprocessor-
initiated test process) signal low and stops the microprocessor-initiated test process before the
trip signal is sent to the SCR driver. The microprocessor detects self-test signal line is low and
disables stimulus into the parallel arc fault detection block 132, which stops the series of chain
stimulus to all portions of the circuit under test. Also, it is contemplated that, instead of
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providing a separate test signal oscillator for generating a test signal associated with the
parallel, GFCI, and differential detection systems, the local oscillator used in the RF front end
may be used to generate test signals for these systems.

[0138] In addition some of the component implemented can be consolidated or integrated for
the purpose of component reduction or increased efficiency of the system. For example,
device 100 may implement a single oscillator block, combining the functions of, for example,
test signal oscillator 142 and the GFCI stimulus oscillator 144.

[0139] Although certain processes and methods are described as being performed in by one
of ASIC 110 or microprocessor 150, these processes may be performed by either one or both
of ASIC 110 and/or microprocessor 150, without departing from the scope of the present
disclosure. Moreover, device 100 may include multiple microprocessors and/or ASIC circuits,
each adapted to perform at least one task associated with the arc fault detection.

[0140] Other embodiments of the invention will be apparent to those skilled in the art from
consideration of the specification and practice of the invention disclosed herein. It is intended
that the specification and examples be considered as exemplary only, with a true scope and
spirit of the invention being indicated by the following claims.

[0141] Referring to FIG. 11, there is shown a schematic diagram of circuit breaker device 100’
in accordance with another embodiment of the invention. Circuit breaker device 100" operates
in substantially the same electromechanical environment as shown in FIG. 2 herein with the
exception that a bimetal element is not used. Instead, circuit breaker device 100" uses
time/current curves (stored data) to determine when a circuit breaker should trip. In a preferred
embodiment, the circuit breaker device shown in FIG. 11 utilizes a magnetic override system
1500 to initiate an instantaneous trip in case an overload current exceeds 10X breaker rating
current (Amps). Such an overload current is designated by region four (4) in the curve of FIG.
12. Circuit breaker device 100" is preferably implemented through the use of a single CMOS
ASIC (Application Specific Integrated Circuit) in order to minimize costs and assembly time.
However, other electronic mixed signal (Analog and digital) processing technology (e.g. Bipolar
& BICMOS etc.) may also be used without departing from the scope of the invention as shown
in FIG. 13.

[0142] Referring to FIG. 13, there is shown a block diagram of circuit breaker device 100'.
Circuit breaker device 100' utilizes four inputs to determine whether circuit breaker 100" should
be tripped. Specifically, circuit breaker device 100" comprises AC line current sensor 109
described previously herein (see FIG. 2). Circuit breaker device 100" further comprises line
high-frequency sensor (or RF coupler) 107 described previously herein (see FIG. 2). Circuit
breaker device 100' also includes differential current sensor (or differential fault detector) 134
and ground fault current sensor (or differential fault detector) 136, both of which being
previously described herein and shown in FIG. 2. These detectors and sensors provide current
and/or voltage performance data that can be used to activate the circuit breaker. Circuit
breaker device 100" further includes signal conditioner 130 and ground fault analog signal
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processor 131, both of which being described in the foregoing description and shown in FIG. 2.
The output signals provided by sensors 107, 109, 134 and 136 are fed into signal conditioner
130. As described previously herein, signal conditioner 130 is in electronic data communication
with ground fault analog signal processor 131.

[0143] Referring to FIG. 13, circuit breaker device 100’ further comprises microprocessor 150,
which was described previously herein and shown in FIG. 2, and A/D converter 158. A/D
converter circuitry 158 converts the signals provided by signal conditioner 130 into digital
signals for input into microprocessor 150. In accordance with this embodiment of the invention,
circuit breaker device 100' further comprises processing resource 159. Processing resource
159 is in electronic data communication with microprocessor 150 and A/D converter 158 and is
configured to implement signal processing techniques and algorithms as will be discussed in
the ensuing description. Processing resource 159 comprises a microprocessor which has data
storage capacity for storing digital data representing one or more time-versus-current curves.
Circuit breaker device 100" uses these time-versus-current curves to determine when the
circuit breaker device 100' must trip. Referring to FIG. 12, there is shown two time-versus-
current curves that are used as boundaries designating the particular current magnitude and
current-time duration that is used to trip a circuit breaker. The time-versus-current curves
shown in FIG. 12 represent the performance constraints of a single pole circuit breaker. In
accordance with this embodiment of the invention, processor resource 159 generates trip
signal 161 when a certain time-current relationship is detected. Referring again to FIG. 12, with
a 15-20 Amperes rating and a fixed instantaneous trip threshold (low instantaneous tripping) of
230 amps and an upper limit range of 480 amps, the two performance curves (time versus
current) depict three regions of performance. The first region shows the corresponding set of
data points during which no tripping will occur. The second region is bounded by the lower
and/or upper boundaries of the single pole time/current characteristics. The second region is
an area during which tripping will occur if the first curve is used as a minimum threshold curve.
In the second region, for example, a current duration of 0.2 seconds or less and a current of
more than 230 amps will cause the circuit breaker to trip. Likewise, in the third region, a current
duration of 0.2 seconds or less and current of more than 480 amps will open the contacts.

[0144] Referring to FIG. 13, the aforesaid time-versus-current characteristic curves containing
the time/current performance data are stored as digital data in processor resource 159. This
performance data, once stored in memory, is used as a benchmark or reference to which are
compared the current values outputted by AC signal conditioner 130 and sampled by A/D
converter 158.

[0145] In a preferred embodiment, microprocessors 150 and 159 are configured as an all-in-
one CMOS ASIC device. In an alternate embodiment, the data representing the time-versus-
current curves is stored in an external memory storage device or in internal memory cells
conforming part of that all-in-one CMOS ASIC.

[0146] Processor resource 159 is configured to implement the algorithm shown in FIG. 14.
The algorithm is initiated in step 1600. The first step is step 1602 which entails reading the
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thermal capacitor voltage, calculating the ratio of the thermal capacitor voltage versus 3.3 volts
and setting the final sum starting value as the same ratio of the trip value. Step 1604
determines whether the timer is triggered. If the timer is not triggered, then the algorithm shifts
to step 1606 which effects performance of arc detection. The algorithm then returns to step
1604. If the timer is triggered, then the algorithm shifts to step 1608. In step 1608, the analog-
to-digital conversion (ADC) is initiated. Next, in step 1610, it is determined if the analog-to-
digital conversion process is complete. If the analog-to-digital conversion process is not
complete, the algorithm shifts to step 1612 which effects the performance of arc detection. If
the analog-to-digital conversion is complete and there is an ADC result, than the algorithm
shifts to step 1614. In step 1614, the ADC result is squared to provide a latest or updated ADC
square value. This step also retrieves the oldest of sixteen (16) ADC square values and
replaces the retrieved oldest ADC value with the latest or updated ADC square value. The
algorithm then shifts to step 1616. In step 1616, several steps are performed. First, sixteen
(16) consecutive ADC square values are summed to provide an ADC square value summation.
Next, the oldest ADC square value is subtracted from summation. Next, the latest or updated
ADC square value is added to the summation. This step also keeps track of the previous sum
of ADC square values and the current sum of ADC square values. Next, in step 1618, it is
determined if the current sum of the ADC square values is greater than a predetermined
pickup threshold. If the current sum of the ADC square values is greater than the pickup
threshold, then the algorithm shifts to step 1620. In step 1620, the current sum of the ADC
square values is added to the final sum value computed in step 1602. The algorithm then shifts
to step 1622. In step 1622, the pulse width modulator (PWM) is activated to charge the thermal
capacitor. The algorithm then shifts to step 1624 wherein it is determined if the final sum value
is greater than the predetermined ftrip value. If the final sum value is greater than the
predetermined trip value, then the algorithm shifts to step which effects generation of a trip
signal to cause the circuit breaker device to trip. If it is determined that final sum value is not
greater than the predetermined trip value, then the algorithm shifts to back to step 1604.

[0147] Referring back to step 1618, if it is determined that the current sum of the ADC square-
values is not greater than the predetermined pickup threshold, then the algorithm shifts to step
1628. In step 1628, it is determined if the final sum value is greater than the latest sum of the
ADC squares, then the algorithm shifts to step 1630. In step 1630, the latest sum of the ADC
square values is subtracted from the final sum value. The algorithm then shifts to step 1624. If
step 1628 determines that the final sum value is not greater than the latest sum of the ADC
squares, then the algorithm shifts to step 1632 wherein the final sum value is set to zero. The
algorithm then shifts to step 1624.

[0148] Thus, operationally, as shown in FIG. 12, the output of the AC current signal
conditioning 130 is not only sent to the parallel fault detector 132, but is also sent to processor
resource 159 for processing. If the sensed current and the time duration places the sampled
data beyond the threshold limits (beyond min and/or max curves), as for example shown in
FIG. 12, a signal is sent to the SCR driver in order to trip the circuit breaker.

[0149] Thus, circuit breaker device 100" has a mullitude of sensory inputs to determine
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whether the circuit breaker should be tripped for various reasons. It is to be understood that
the signals provided by sensors 107, 109, 134 and 136 may be used individually or in any
combination to establish a triggering algorithm.

[0150] A significant advantage of circuit breaker device 100' is that the bimetal function is
entirely replaced by the stored time-versus-current curve or curves. Functionally, the bimetal
under an overload condition heats up and bends to unlatch a spring operated trip mechanism
in response to sustained overcurrent. However, circuit breaker device 100" eliminates the
bimetal thereby reducing costs, improving assembly, and rendering the circuit breaker more
reliable.

[0151] While the foregoing description is exemplary of the present invention, those of ordinary
skill in the relevant arts will recognize the many variations, alterations, modifications,
substitutions and the like are readily possible, especially in light of this description, the
accompanying drawings and the claims drawn hereto. In any case, because the scope of the
invention is much broader than any particular embodiment, the foregoing detailed description
should not be construed as a limitation of the present invention, which is limited only by the
claims appended hereto.
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Patentkrav

1. Indretning til detektion af elektriske fejl til anvendelse i en gren af en
stremkreds, omfattende:

en AC-ledningsstreamsensor (109) til overvagning af AC-strammen i en elek-
trisk fordelingsledning, som omfatter en primaer ledning og neutral ledning og
beerer et AC-effektsignal, hvilken AC-ledningsstremsensor (109) genererer et
repraesentativt signal proportionalt med laststrammen, der afgives til mindst
en gren af en strgmkreds;

en ledningshgjfrekvenssensor (107), som er koblet til den elektriske forde-
lingsledning til detektion af hajfrekvensdata knyttet til stremkredsen;

et RF front end-system (120) til udsendelse af en bredbandshgjfrekvens-
komponent af AC-effektsignalet;

en differentialstremsensor (134), som er koblet til den primaere og neutrale
ledning af den elektriske fordelingsledning til overvagning af netstrammen
mellem den primaere ledning og neutrale ledning, sammenligning af net-
strammen med AC-laststramsignalet og generering af et signal, som indike-
rer, om net-ledning-til-neutral-stremmen er inkonsistent med en laststrgm
med en forudbestemt acceptabel maengde;

en jordfejlstreamsensor (136) til detektering af en stremubalance mellem den
primeere og neutrale ledning af den elektriske fordelingsledning;

en signalbehandlingsindretning (130), som er i elektrisk signalkommunikation
med AC-ledningsstrgmsensoren (109), ledningshgjfrekvenssensoren (107),
differentialstremsensoren (134) og jordfejlstremsensoren (136) og er tilpas-
set til at generere et signal, som indikerer laststremmen knyttet til en gren af
strgmkredsen;

en sampling-kreds (158) til sampling af signalet, der udsendes af signalbe-
handlingsindretningen (130), og generering af et samplet signal; og

en behandlingsressource (159) til behandling af det samplede signal, hvilken
behandlingsressource (159) har data lagret deri, som repreesenterer en fler-
hed af tid-versus-strem-kurver, som definerer en flerhed af regioner, hvor der
kan ske eller ikke kan ske tripping, hvor mindst en region har tidsdata og
strgmdata, som definerer en tidslaengde for en bestemt stremstgrrelse, for
hvilken der ikke vil ske nogen tripping, og hvor mindst en anden region har
tidsdata og stremdata, der definerer en tidslaengde for en bestemt stremstar-
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relse, for hvilken der vil ske tripping, hvor behandlingsressourcen (159) be-
handler det samplede signal for at

(i) tilvejebringe behandlede tidsdata og stremdata fra det samplede signal,

(i) bestemme regionen, som de behandlede tidsdata og stremdata svarer til,
ved anvendelse af tid-versus-strgm-kurverne som en reference, som det
samplede signal sammenlignes med, og

(iii) generere et signal (161) for at indlede tripping, hvis det samplede signal
afgiver tidsdata og strgmdata, som svarer til en region af mindst en tid-
versus-strem-kurve, for hvilken region der skal ske tripping;

og hvor RF front end-systemet (120) er konfigureret til at udsende et signal til
indikation af en modtaget signalstyrke, RSSI, hvilket signal indikerer effekten
af en resterende bredbandssignalkomponent, og hvor

en analog behandlingslogik (131) af indretningen til detektion af elektriske fejl
er tilpasset til at overvage RSSI-signalet, der udsendes af RF front end-
systemet (120), for at etablere, baseret pa RSSI-signalet, en gvre og nedre
teerskelveerdi til anvendelse under analysen af RSSI-signalet til detektion af
serie-lysbuefejl for at generere et mask-signal baseret pa en lavfrekvens-
komponent af stremledningssignalet for at sammenligne RSSI-signalet med
teerskelveerdierne for at inkrementere en fejltaeller, hvis RSSI-signalet over-
stiger en nedre teerskelveerdi for at dekrementere en fejlteeller, hvis RSSI-
signalet er mindre end den nedre teerskelveerdi, og for at levere et trip-signal
til en koblingsindretning, som er knyttet til stremledningen, hvis fejlteelleren
overstiger en forudbestemt fejlgraensevaerdi, og hvor

en mikroprocessor (150) af indretningen til detektion af elektriske fejl er til-
passet til at overvage, hvor mange gange stgrrelsen af RSSI-signalet krydser
den gvre og nedre teerskelvaerdi og, for at diskvalificere forstyrrelsessignaler,
at sammenligne antallet af teerskelveerdikrydsninger med forudbestemte
krydsningsgreenseveerdier for hver af de gvre og nedre teerskelvaerdikryds-
ninger, og at tilbagestille fejltaelleren til en standardveerdi, hvis antallet af gvre
eller nedre teerskelveerdikrydsninger overstiger en greenseveerdi for antallet af
gvre eller nedre teerskelveerdikrydsninger.

2. Indretning til detektion af elektriske fejl ifglge krav 1, hvor
AC-ledningsstramsensoren (109) omfatter en transformer, som er koblet til
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den primaere og neutrale ledning.

3. Indretning til detektion af elektriske fejl ifglge krav 1, hvor
AC-ledningsstreamsensoren (109) omfatter et metallisk band med kendt im-
pedans i serie med den last, som tilvejebringer et outputsignal, som indikerer
den strgm, der vandrer gennem fordelingsledningen.

4. Indretning til detektion af elektriske fejl ifalge krav 1, hvor
AC-ledningstremsensoren (109) omfatter en temperatursensor.

5. Indretning til detektion af elektriske fejl ifalge et af kravene 1 til 4, hvor led-
ningshgjfrekvenssensoren (107) omfatter en hgjfrekvenskoblingstransformer
til indsamling af hgjfrekvenssignaler fra fordelingsledningen.

6. Indretning til detektion af elektriske fejl ifelge et af kravene 1 til 4, hvor led-
ningshgjfrekvenssensoren (107) omfatter en toroidformet ferritsensor til ind-
samling af hgjfrekvenssignaler fra fordelingsledningen.

7. Indretning til detektion af elektriske fejl ifglge et af kravene 1 til 4, hvor led-
ningshgjfrekvenssensoren (107) omfatter en hgjpasfilterindretning, som lader
hgjfrekvenssignaler passere og speerrer for lavfrekvenssignaler.

8. Indretning til detektion af elektriske fejl ifglge et af de foregaende krav,
hvor differentialstremsensoren (134) omfatter et komparatorkredsigb {il
sammenligning af netstrammen med AC-laststramsignalet og udsendelse af
signalet, der indikerer, om net-ledning-til-neutral-stremmen er inkonsistent
med en laststream med en forudbestemt acceptabel maengde.

9. Indretning til detektion af elektriske fejl ifglge et af de foregaende krav,
hvor jordfejlstramsensoren (136) omfatter en toroide i en elektrisk signal-
kommunikation med den primaere og neutrale ledning, saledes at en jordet
neutral fejl danner en magnetisk sti, som gar gennem den jordede neutrale
toroide, saledes at toroiden kan inducere en oscillerende bglge pa bade den
primaere og neutrale ledning, hvor induceret strem kun Igber i den neutrale
ledning pa grund af den jordede neutrale fejlsti.
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10. Indretning til detektion af elektriske fejl ifglge et af de foregaende krav,
hvor signalbehandlingsindretningen (130) omfatter et AC-
strambehandlingssystem, hvilket AC-strgmbehandlingssystem omfatter en
transformer, der er koblet til signalerne, som leveres af AC-
streamledningsstremsensoren, ledningshgjfrekvenssensoren,  differential-
stremsensoren (134) og jordfejlstramsensoren (136), og hvilket AC-
strembehandlingssystem leverer et repraesentativt signal, som er proportio-
nalt med lavfrekvenslaststrgmmen.

11. Indretning til detektion af elektriske fejl ifglge et af de foregaende krav,
hvor samplingkredsen omfatter en analog-til-digital-konverter, som er i elek-
trisk signalkommunikation med de signaler, der udsendes af signalbehand-
lingsindretningen (130).

12. Indretning til detektion af elektriske fejl ifolge et af de foregaende krav,
hvor behandlingsressourcen (159) omfatter en mikroprocessor.

13. Fremgangsmade til detektion af elektriske fejl, hvilken fremgangsmade
omfatter:

at overvage AC-strgmmen i en elektrisk fordelingsledning, der omfatter en
primeer ledning og neutral ledning og beerer et AC-effektsignal,

at generere et repraesentativt signal, som er proportionalt med laststrammen,
der afgives til mindst en gren af en strgmkreds;

at detektere og udsende en bredbandshgjfrekvenskomponent af AC-
effektsignalet;

at overvage netstreammen mellem den primeaere ledning og neutrale ledning;
at sammenligne netstrammen med AC-laststremsignalet og generere et sig-
nal, som indikerer, om net-ledning-til-neutral-stremmen er inkonsistent med
en laststrgm med en forudbestemt acceptabel veerdi;

at detektere en strgmubalance mellem den primeere og neutrale ledning af
den elektriske fordelingsledning;

at generere et signal, der indikerer laststremmen, som er knyttet til en gren af
stremkredsen, hvor signalet, der indikerer laststrammen, er baseret pa (i) det
repreesentative signal, som er proportionalt med laststremmen, der afgives til
mindst en gren af en stremkreds, (ii) den detekterede bredbandshgijfrekvens-
komponent af AC-effektsignalet, (iii) signalet, der indikerer, om net-ledning-til-
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neutral-strgmmen er inkonsistent med en laststrem med en forudbestemt
acceptabel maengde, og (iv) den detekterede stremubalance mellem den
primeere og neutrale ledning af den elektriske fordelingsledning;

at sample signalet, der indikerer laststrammen, som er knyttet til en gren af
stremkredsen;

at tilvejebringe en behandlingsressource (159) med deri lagrede data, som
repreesenterer en flerhed af tid-versus-strem-kurver, der definerer en flerhed
af regioner, hvor der kan ske eller ikke kan ske tripping, hvor mindst en regi-
on har tidsdata og stremdata, der definerer en tidslaeengde for en bestemt
stremstgrrelse, for hvilken der ikke vil ske nogen tripping, og hvor mindst en
anden region har tidsdata og strgmdata, som definerer en tidslaengde for en
bestemt stramstgrrelse, for hvilken der vil ske tripping; og

behandle det samplede signal med behandlingsressourcen (159) for at

(i) tilvejebringe behandlede tidsdata og stremdata fra det samplede signal,

(i) bestemme regionen, som de behandlede tidsdata og stremdata svarer til,
ved anvendelse af tid-versus-strgm-kurverne som en reference, som det
samplede signal sammenlignes med, og

(iii) generere et signal (161) for at indlede tripping, hvis det samplede signal
afgiver tidsdata og strgmdata, som svarer til en region af mindst en tid-
versus-strgm-kurve, for hvilken region der skal ske tripping,

og udsende et signal til indikation af en modtaget signalstyrke (RSSI), hvilket
signal indikerer effekten af en resterende bredbandssignalkomponent og
overvage RSSI-signalet, der udsendes af RF-front-end-systemet (120), etab-
lere pa basis af RSSI-signalet en gvre og nedre teerskelveerdi til anvendelse
under analysen af RSSI-signalet for detektion af serie-lysbuefejl, generere et
mask-signal baseret pa e lavfrekvenskomponent af strgmledningssignalet,
sammenligne RSSI-signalet med teerskelveerdierne, inkrementere en fejlteel-
ler, hvis RSSI-signalet overstiger en nedre taerskelvaerdi, dekrementere en
fejltzeller, hvis RSSI-signalet er mindre end den nedre teerskelveerdi, og tilve-
jebringe et trip-signal til en koblingsindretning, som er knyttet til stramlednin-
gen, hvis fejltaelleren overstiger en forudbestemt fejigraenseveerdi, og
overvage, hvor mange gange stgrrelsen af RSSI-signalet krydser den gvre
og nedre taerskelvaerdi og, for at diskvalificere forstyrrelsessignaler, sammen-
ligne antallet af taerskelveerdikrydsninger med forudbestemte krydsnings-
greenseveerdier for hver af de gvre og nedre teerskelveerdikrydsninger og til-
bagestille fejlteelleren til en standardvaerdi, hvis antallet af gvre eller nedre
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teerskelveerdikrydsninger overstiger en greenseveerdi for antallet af gvre eller
nedre teerskelveerdikrydsninger.
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