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ABSTRACT

Described herein are methods and systems for detection and notification of electrical power outages
and power quality. A sensor coupled to a circuit transmits a keepalive packet to a server. The sensor
detects an input signal generated by electrical activity. The sensor generates an output signal based
upon the input signal. The sensor monitors the output signal. During a clock cycle, the sensor
determines whether a rising edge occurred and transmits a fault packet to the server when the rising
edge occurred prior to a predetermined clock value or when no rising edge occurred. The server
receives the fault packet from the sensor and listens for keepalive packets. The server transmits a
power outage notification when no keepalive packets are received for at least a defined time period
after the fault packet is received. The server transmits a power restoration notification when one or

more keepalive packets are subsequently received.
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METHODS AND SYSTEMS FOR DETECTION AND
NOTIFICATION OF POWER OUTAGES AND POWER QUALITY
RELATED APPLICATIONS
[0001] This application claims priority to U.S. Provisional Patent Application No.

62/989,415, filed on March 13, 2020, the entirety of which is incorporated herein by reference.

TECHNICAL FIELD
[0002] The subject matter of the application relates generally to methods and systems for

detection and notification of power outages and power quality in electrical systems.

BACKGROUND

[0003] Consumers continue to rely more heavily on the availability of uninterrupted
electricity for a wide variety of activities, such as powering communications devices, computing
devices, medical devices, heating and cooling appliances, refrigeration, and the like. However,
according to the U.S. Energy Information Administration (EIA), the average U.S. electricity customer
was without power for 250 minutes and experienced 1.3 outages of power in 2016. The amount of
time a customer was without power nearly doubled in 2017 to an average of 470 minutes (7.8 hours)
with an average of 1.4 outages. In 2016 the longest outages were on the order of 20 hours, while in
2017 that number increased to a little higher than 40 hours. Often, these outages are unplanned and
in some cases, can go undetected by, e.g., a homeowner who is away from home. These outages can
have a significant impact on almost every aspect of daily life—including health and safety—so
immediate detection and notification of outages is very important.

[0004] Currently available technology for detecting power outages typically relies on the use
of a backup battery and/or a generator that can temporarily provide electricity to a power outage
detection device and supporting communication equipment. However, batteries have a limited
lifetime and add cost to the outage detection device. Replacement of batteries creates an ongoing

maintenance burden for the user. In addition, in some cases, activation of a battery backup could
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result in an undesirable delay between when the outage begins and when the backup electricity supply
is activated and able to provide power to the detection device.

[0005] Additionally, electrical generation, transmission and distribution systems are getting
more complex. The transition to energy sources that produce less carbon dioxide (CO2) means there
will be a combination of many different generation methods including wind, solar, nuclear, battery,
natural gas and coal. Homes and businesses will increasingly have on-premise methods of generating
energy and all of these generation systems are superimposed on an electrical grid with various levels
of aging and exposure to the environment. Switching between various generation types can cause
surges and sags in voltage, and other power quality concerns. Aging and environmental exposure
causes transformers and electrical inter-connections to deteriorate and fail. Surges, sags and
deteriorating equipment can cause home electronics and appliances to fail as well as create very
dangerous situations where electrocution and electrical fires can occur. In a residential setting, fires
often begin in walls or other hidden cavities and gain significant heat and headway before they are
detected by home occupants or smoke detectors, leading to significant damage. Electrical
malfunctions are one of the leading causes of residential home fires. Because of the hidden nature of
the ignition source, electrical fires are also a disproportionate cause of death. Electrical fires are
estimated to cause 420 deaths, 1,370 injuries, and $1.4B in residential damages annually.

[0006] Current technology does not provide a homeowner with much needed information
about the quality of power they receive from the utility. For example, a homeowner may be aware
of lights flickering or frequent loss of sensitive electronics equipment without being alerted to very
serious issues in the electrical connection to their home or within the home’s electrical network.
Furthermore, damage to and deterioration of the United States electric grid is increasing risk and
liability for the grid’s utility owners and their customers. For example, a recent Pacific Gas & Energy
(PG&E) Fire Incident Data Report shows that PG&E experienced over 2,400 grid-caused fires from
2014 through 2019. These fires resulted in excess of $13B in liability and precipitated PG&E’s filing

for bankruptcy. In another example, a Texas Wildfire Mitigation Project study found that 4,000 fires,
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most local and of little consequence, but also larger conflagrations, were caused by utility
transmission or distribution system events taking place in a period of less than four years preceding
that study. In addition to wildfires, increases in transformer fires and explosions and other
catastrophic grid events are linked to deteriorating utility equipment. In one horrific example, in mid-
July of 2019 firefighters were called to downtown Madison, Wisconsin, where a high-voltage
transformer had exploded and caught fire. Another recent event was the American Electric Power
(AEP) Texas substation transformer explosion and fire at the end of July 2019. Finally, in February
2021, the state of Texas experienced a devastating failure of its power grid due to a severe winter
storm, resulting in loss of life and millions of people without electricity in below-freezing
temperatures.

[0007] As noted above, utility grid-caused fires have resulted in very large economic damage,
and often significant mortality, every year. Many power system components (e.g., switches,
insulators, transformers) provide trouble-free service for decades, but transmission and distribution
components eventually fail. Wildfires and other damage to property and life can be triggered via a
number of mechanisms including: downed lines, vegetation contact, conductor slap, arcing of
damaged or deteriorating equipment, repetitive faults, and apparatus failures. Therefore, rapid

detection and mitigation of these issues is crucial to preventing catastrophic fire events.

SUMMARY
[0008] Therefore, what is needed is are methods and systems for detecting power outages and
power quality in electrical systems in real time or near real time, and for notifying relevant users
(including electrical grid operators and/or governmental officials) of the outages and/or undesirable
changes in power quality or hazardous conditions in the electrical system. The techniques described
herein advantageously provide for the detection of power outages, evaluation of power quality, and
identification of electrical system hazards based upon detected frequency of alternating current (AC)

electricity received by an outage detection device, and also provide for immediate notification of the
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power outages to remote devices—including in some embodiments, using communication equipment
that is powered by the electrical system that experiences the outage right before the communication
equipment goes offline due to the outage. Also, in some embodiments, the methods and systems
described herein leverage a single monitoring device, or a few monitoring devices, that plug into an
existing electrical outlet—instead of complicated, expensive, or dangerous installation of other power
outage detection devices and/or monitoring components (such as connecting to circuit breakers or
electrical panels). The technology described herein not only beneficially provides homeowners and
business owners insight into power quality and potential for hazards, but with multiple homes using
the methods and systems described herein, the technology provides insight to utilities about any issues
and give them the ability to be proactive to fix issues before a hazard becomes dangerous.

[0009] The invention, in one aspect, features a system for detection and notification of
electrical power outages. The system comprises a sensor device coupled to a circuit and a server
computing device. The sensor device periodically transmits a keepalive packet to the server
computing device. The sensor device detects an input signal generated by electrical activity on the
circuit. The sensor device generates an output signal based upon the detected input signal. The sensor
device monitors the generated output signal during each of a plurality of clock cycles having a
predefined duration. During each clock cycle, the sensor device determines whether a rising edge
occurred in the generated output signal and transmits a fault packet to the server computing device
when the rising edge occurred prior to a predetermined clock value in the clock cycle or when no
rising edge occurred in the clock cycle. The sensor device initiates a new clock cycle. The server
computing device receives the fault packet from the sensor device. The server computing device
listens for one or more keepalive packets from the sensor device. The server computing device
transmits a power outage notification to one or more remote computing devices when no keepalive
packets are received from the sensor device for at least a defined time period after the fault packet is

received. The server computing device transmits a power restoration notification to the one or more
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remote computing devices when one or more keepalive packets are subsequently received from the
sensor device after the power outage notification is transmitted.

[0010] The invention, in another aspect, features a computerized method of detection and
notification of electrical power outages. A sensor device coupled to a circuit periodically transmits a
keepalive packet to a server computing device. The sensor device detects an input signal generated
by electrical activity on the circuit. The sensor device generates an output signal based upon the
detected input signal. The sensor device monitors the generated output signal during each of a
plurality of clock cycles having a predefined duration. During each clock cycle, the sensor device
determines whether a rising edge occurred in the generated output signal and transmits a fault packet
to the server computing device when the rising edge occurred prior to a predetermined clock value in
the clock cycle or when no rising edge occurred in the clock cycle. The sensor device initiates a new
clock cycle. The server computing device receives the fault packet from the sensor device. The
server computing device listens for one or more keepalive packets from the sensor device. The server
computing device transmits a power outage notification to one or more remote computing devices
when no keepalive packets are received from the sensor device for at least a defined time period after
the fault packet is received. The server computing device transmits a power restoration notification
to the one or more remote computing devices when one or more keepalive packets are subsequently
received from the sensor device after the power outage notification is transmitted.

[0011] Any of the above aspects can include one or more of the following features. In some
embodiments, the input signal comprises an alternating current (AC) voltage sine wave with a
plurality of zero crossings. In some embodiments, the output signal is a voltage curve having a
plurality of rising edges corresponding to the zero crossings of the input signal. In some
embodiments, the keepalive packet comprises power quality data including one or more of: root mean
square (RMS) voltage, frequency of the voltage sine wave, relative phase angle of the voltage sine

wave, amplitude of the voltage sine wave harmonics, or any number of measures of high frequency
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noise amplitude. In some embodiments, each clock cycle has a predefined duration of 9 milliseconds.
In some embodiments, the predetermined clock value in the clock cycle is 8.33 milliseconds.

[0012] The invention, in another aspect, features a system for detection and notification of
electrical power quality. The system comprises one or more sensor devices coupled to a circuit and
a server computing device. The one or more sensor devices detect an input signal generated by
electrical activity on the circuit. The one or more sensor devices generate an output signal based
upon the detected input signal. The one or more sensor devices transmit power quality data to the
server computing device, the power quality data based upon the output signal. The server computing
device receives the power quality data from the one or more sensor devices. The server computing
device analyzes the power quality data in conjunction with historical power quality data received
from the one or more sensor devices to detect one or more power quality events. The server
computing device transmits a power quality notification to one or more remote computing devices
based upon the detected power quality events.

[0013] The invention, in another aspect, features a computerized method of detection and
notification of electrical power quality. A sensor device coupled to a circuit detects an input signal
generated by electrical activity on the circuit. The sensor device generates an output signal based
upon the detected input signal. The sensor device transmits power quality data to a server computing
device, the power quality data based upon the output signal. The server computing device receives
the power quality data from the sensor device. The server computing device analyzes the power
quality data in conjunction with historical power quality data received from the sensor device to detect
one or more power quality events. The server computing device transmits a power quality notification
to one or more remote computing devices based upon the detected power quality events.

[0014] Any of the above aspects can include one or more of the following features. In some
embodiments, the detected one or more power quality events comprise one or more of: surge events,
surge jump events, sag events, sag jump events, brownout events, swell jJump events, high frequency

(HF) filter jJump events, frequency jump events, recurring power quality problems, phase angle jump
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events, loose neutral events, or generator activation events. In some embodiments, the server
computing device further correlates (i) the detected one or more power quality events with zero or
more external events and/or (ii) a detected power quality event from a first sensor device with a
detected power quality event from one or more other sensor devices.

[0015] In some embodiments, the server computing device detects a loose neutral event by:
analyzing, for a single sensor device, a number and amplitude of surge events, surge jump events,
and sag events recorded by the single sensor device within a predetermined time period which do not
correlate with matching power quality events from any other sensor devices in proximity to the single
sensor device; and generating a loose neutral event when an average number of the surge events is
greater than a first defined number per day, or an average number of the surge jump events having a
magnitude greater than a defined percentage of a nominal voltage is greater than a second defined
number per day, or an average number of the sag events is greater than a third defined number per
day.

[0016] In some embodiments, the output signal comprises one or more of: root mean square
(RMS) voltage, frequency of the voltage sine wave, relative phase angle of the voltage sine wave,
amplitude of the voltage sine wave harmonics, or any number of measures of high frequency noise
amplitude. In some embodiments, the server computing device detects a surge event by: analyzing a
plurality of sequential data points of RMS voltage from one or more sensor devices; and generating
a surge event when the RMS voltage is greater than a predefined threshold percentage of a nominal
voltage for a number of consecutive data points. In some embodiments, the predefined threshold
percentage varies based upon the number of consecutive data points in which the RMS voltage is
greater than a minimum threshold percentage.

[0017] In some embodiments, the server computing device detects a brownout event by:
analyzing a plurality of sequential data points of RMS voltage from one or more sensor devices; and
generating a brownout event when the RMS voltage is less than a predefined threshold percentage of

a nominal voltage for a number of consecutive data points. In some embodiments, the predefined
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threshold percentage varies based upon the number of consecutive data points in which the RMS
voltage is less than a minimum threshold percentage.

[0018] In some embodiments, the server computing device detects a sag jump event by:
analyzing a plurality of sequential data points of RMS voltage from one or more sensor devices; and
generating a sag jump event for each of one or more drops of RMS voltage that occurred in the
plurality of sequential data points and that are larger than a predefined threshold percentage of a
nominal voltage.

[0019] In some embodiments, the server computing device detects a swell jump event by:
analyzing a plurality of sequential data points of RMS voltage from one or more sensor devices; and
generating a swell jump event for each of one or more increases of RMS voltage that occurred in the
plurality of sequential data points and that are larger than a predefined threshold percentage of a
nominal voltage.

[0020] In some embodiments, the server computing device detects a HF Filter jump event by:
analyzing a plurality of sequential data points of HF amplitude data from one or more sensor devices;
calculating a mean of the HF amplitude data; and when the mean is greater than one, generating an
HF Filter jump event when the HF amplitude data increases by more than a threshold multiple of the
mean, or when the mean is less than one, generating an HF Filter jump event when the HF amplitude
data increases above a predefined threshold.

[0021] In some embodiments, the server computing device detects a frequency jump event
by: analyzing a plurality of sequential data points of frequency data from one or more sensor devices;
calculating an average of the frequency data; calculating a standard deviation of the frequency data;
and generating a frequency jump event when the frequency increases by more than a predefined
threshold from the average, or generating a frequency jump event when (i) the standard deviation
changes from less than a first frequency to greater than a second frequency or (ii) the standard

deviation changes from greater than the second frequency to less than the first frequency.
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[0022] In some embodiments, the server computing device detects a generator activation
event by: analyzing, for a single sensor device, whether any power outage events and frequency
events were detected by the single sensor device during a predetermined time period; and generating
a generator activation event when the single sensor device detected a power outage event followed
by a frequency standard deviation change to greater than a predefined threshold within a defined
period of time of the power outage event and the frequency standard deviation change was not
associated with a correlated external event.

[0023] In some embodiments, the one or more external events comprise lightning activity
events, electrical grid monitoring events, and energy pricing events. In some embodiments, the
detected power quality event from the first sensor device and the detected power quality event from
one or more other sensor devices are of a same event type. Such power quality events that have the
same event type (including but not limited to the same or similar power quality characteristics,
durations, start times, stop times, geographic locations, and the like) are referred to herein as
“correlated events” or “matching events.”

[0024] Other aspects and advantages of the invention will become apparent from the
following detailed description, taken in conjunction with the accompanying drawings, illustrating the

principles of the invention by way of example only.

BRIEF DESCRIPTION OF THE DRAWINGS
[0025] The advantages of the invention described above, together with further advantages,
may be better understood by referring to the following description taken in conjunction with the
accompanying drawings. The drawings are not necessarily to scale, emphasis instead generally being
placed upon illustrating the principles of the invention.
[0026] FIG. 1 is a block diagram of a system for detection and notification of electrical power

outages.
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[0027] FIGS. 2A and 2B comprise a flow diagram of a computerized method of detection and
notification of electrical power outages.

[0028] FIG. 3 is a diagram of an exemplary 60 Hz voltage signal captured by the outage
detection device.

[0029] FIG. 4 is a diagram of an exemplary input signal received by the outage detection
device and an exemplary output signal generated by the outage detection device.

[0030] FIG. 5A is a detailed timing diagram showing the output signal generated by the
outage detection device and the corresponding value of the global power outage flag when power
outages are detected by the outage detection device.

[0031] FIG. 5B is a graph of output signals from a plurality of different outage detection
devices when a power outage has occurred.

[0032] FIG. 6A is an exemplary user interface of a remote computing device that depicts a
power outage notification received from the server computing device.

[0033] FIG. 6B is an exemplary user interface of a remote computing device that depicts a
power restoration notification received from the server computing device

[0034] FIG. 7 is a diagram which shows the results of testing the detection efficiency of the

outage detection device.

[0035] FIG. 8 is a graph of the ITI (CBEMA) curve.

[0036] FIG. 9 is a block diagram of a networked system for power quality detection and
notification.

[0037] FIG. 10 is a flow diagram of a computerized method of analyzing power quality data.
[0038] FIG. 11 is a graph showing the output signal generated by a plurality of different

outage detection devices during a grid surge event.
[0039] FIG. 12 is a graph showing the output signal generated by a plurality of different

outage detection devices during a brownout event.

10
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[0040] FIG. 13 is a graph showing the output signal generated by a plurality of different
outage detection devices during a sag jump event.

[0041] FIG. 14 is a graph showing the output signal generated by a plurality of different
outage detection devices during a swell jump event.

[0042] FIG. 15 is a graph showing the output signal generated by a plurality of different
outage detection devices during a HF Filter jump event.

[0043] FIG. 16 is a graph showing the output signal generated by a plurality of different
outage detection devices during a frequency jump event.

[0044] FIG. 17A is a graph of nominal VVoltage Root Mean Square (RMS) readings captured
by an outage detection device.

[0045] FIG. 17B is a graph of VVoltage RMS readings captured by an outage detection device
showing an example loose neutral connection.

[0046] FIG. 17C is a graph of VVoltage RMS readings captured by an outage detection device
before and after resolution of a loose neutral connection.

[0047] FIG. 18 is a diagram of a user interface displayed on a remote computing device that
shows historical VVoltage RMS readings detected by an outage detection device.

[0048] FIG. 19 is a diagram of a user interface displayed on a remote computing device that
shows a month’s worth of power quality events detected by an outage detection device.

[0049] FIG. 20A is a diagram of a user interface that shows push notification alerts sent by
the server computing device to a remote computing device for display.

[0050] FIG. 20B is a diagram of a user interface that shows a list of power quality notifications
relating to an outage detection device.

[0051] FIG. 20C is a diagram of a user interface that shows a detailed power surge event alert
notification sent by the server computing device to a remote computing device for display.

[0052] FIG. 20D is a diagram of a user interface that shows a detailed power brownout event

alert notification sent by the server computing device to a remote computing device for display.

11
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[0053] FIG. 20E is a diagram of a user interface that shows a recurring power quality
problems alert notification sent by the server computing device to a remote computing device for
display.

[0054] FIG. 21A is a diagram of a geographic map generated by the server computing device
that depicts the location of detected power outage events by a network of outage detection devices.
[0055] FIG. 21B is a diagram of a detail view of the geographic map generated by the server
computing device that depicts the location of detected power outage events by a network of outage
detection devices.

[0056] FIG. 22A is a diagram of a geographic map generated by the server computing device
that depicts the location of detected grid surge and brownout events by a network of outage detection
devices.

[0057] FIG. 22B is a diagram of a detail view of the geographic map generated by the server
computing device that depicts the location of detected grid surge and brownout events by a network
of outage detection devices.

[0058] FIG. 23 is a diagram of a detail view of a geographic map generated by the server
computing device that depicts the location of detected grid sag jump events by a network of outage
detection devices.

[0059] FIG. 24 is a diagram of a detail view of a geographic map generated by the server
computing device that depicts the location of detected grid swell jump events by a network of outage
detection devices.

[0060] FIG. 25A is a diagram of a geographic map generated by the server computing device
that depicts the location of detected grid frequency jump events by a network of outage detection
devices.

[0061] FIG. 25B is a diagram of a detail view of the geographic map generated by the server
computing device that depicts the location of detected grid frequency jump events by a network of

outage detection devices.

12
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[0062] FIG. 26 is a diagram of a geographic map generated by the server computing device
that depicts the location of detected high frequency (HF) filter jump events by a network of outage

detection devices.

DETAILED DESCRIPTION

[0063] FIG. 1 is a block diagram of a system 100 for detection and notification of electrical
power outages. The system 100 includes an outage detection device 102, a communications medium
104, and a remote computing device 106. The outage detection device 102 comprises an opto-isolator
102a that connects to the hot wire and neutral wire of the electrical power system in order to monitor
electrical current (e.g., 120 VAC, 60 Hz) for the purposes described herein. The opto-isolator 102a
is also connected to a ground (GND). An exemplary 60 Hz voltage signal captured by the outage
detection device is shown in FIG. 3. The opto-isolator 102a generates an output signal (Out) based
upon the received electrical current that is provided to a processor 102b of the outage detection device
102. The processor 102b analyzes the output signal from the opto-isolator 102a and transmits data
(e.g., packet-based communication) to a server computing device 106 which, based upon the data
received from the outage detection device 102, can transmit outage notifications to one or more
remote computing devices (not shown). An exemplary power outage detection device 102 is the
Ting™ Sensor available from Whisker Labs, Inc. of Germantown, Maryland.

[0064] The outage detection device 102 also contains an Analog-to-Digital (A/D) converter
102c which reads input signals from the hot wire and neutral wire. In some embodiments, the input
signals may be filtered or transformed prior to the signals being read by the A/D converter 102c. The
A/D converter 102c generates certain power quality data to transmit to the server, including but not
limited to RMS Voltage, Peak Voltage, Frequency, Phase, High Frequency (HF) amplitude and
amplitudes of harmonics. It can be appreciated that other power quality measures can be calculated

and this list is not meant to be exhaustive. Power quality data is transmitted regularly to the server
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computing device at a regular time interval and is included as part of the “keep alive packet” shown
in FIG. 1 and described herein.

[0065] The communications medium 104 enables the other components of the system 100 to
communicate with each other in order to perform the process of detection and notification of electrical
power outages as described herein. The medium 104 may be a local network, such as a LAN
including one or more components (e.g., routers, modems) connected to the electrical wiring that is
being monitored by the system 100, or a wide area network, such as the Internet and/or a cellular
network. In some embodiments, the network 104 is comprised of several discrete networks and/or
sub-networks (e.g., cellular to Internet) that enable the components of the system 100 to communicate
with each other. The communications medium 104 can comprise wired and/or wireless components.
[0066] The server computing device 106 is a combination of hardware, including one or more
special-purpose processors and one or more physical memory modules, and specialized software
modules that are executed by a processor of the server computing device 106, to receive data from
other components of the system 100, transmit data to other components of the system 100, and
perform functions for detection and notification of electrical power outages as described herein. In
some embodiments, the server computing device 106 comprises an alerting module 106a, which is a
specialized set of computer software instructions programmed onto a dedicated processor in the
server computing device 106 and can include specifically-designated memory locations and/or
registers for executing the specialized computer software instructions. Further explanation of the
specific processing performed by the alerting module 106a will be provided below.

[0067] As can be appreciated, in some cases it is beneficial to correlate other outside events
(e.g., events that are external to the power grid / power system) with power quality events. For
example, if a lightning strike is closely correlated with a surge power quality event, then the system
100 can issue a more urgent notification warning to the end user (e.g., a visual and audible alert
message on multiple end user devices), especially if the amplitude of the surge event is at an

amplitude which could cause significant damage to appliances in the home. A homeowner may be
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extra vigilant to monitor immediate hazards in the home if he or she knows that a very strong surge
was caused by a direct hit of a lightning strike. It may also be beneficial to correlate power quality
events with other grid monitoring devices such as an automatic circuit recloser device. In this way, a
utility could utilize the technology described herein to correlate events from the recloser device to
power quality events in a home or business. External events can be correlated with power quality
events to limit the distribution or to elevate the criticality of the notification to the end users.

[0068] In some embodiments, the outage detection device 102 is coupled via a 120 VAC plug
to an electrical outlet of a branch circuit in a building electrical system, which in turn is connected to
a utility power grid. Although FIG. 1 depicts a single outage detection device 102, it should be
appreciated that the system 100 can comprise two or more outage detection devices positioned to
sense electrical activity in a power distribution system. Multiple sensors sending data to a server
computing device can provide increased sensitivity and work together to provide information on the
power outages and power quality of the electrical system and/or power grid. It should be further
appreciated that a single location (e.g., a home) may have multiple outage detection devices installed,
and also that the system 100 can be configured to receive data from a plurality of outage detection
devices each installed in a different location (as described below with respect to FIG. 9).

[0069] As noted above, the outage detection device 102 is communicably coupled to server
computing device 106 via a communication medium 104. In one embodiment, the outage detection
device 102 is equipped with communication components (e.g., antenna, network interface circuitry)
that enable the outage detection device 102 to communicate with the server computing device 106
via a wireless connection (i.e., using wireless components such as routers and/or modems of the
communication medium 104).

[0070] FIGS. 2A and 2B comprise a flow diagram of a computerized method 200 of detection
and notification of electrical power outages, using the system 100 of FIG. 1. An outage detection
device (e.g., outage detection device 102), coupled to a branch circuit of a power distribution system,

detects (202) an input signal generated by electrical activity on the branch circuit. The outage
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detection device 102 generates (204) an output signal based upon the detected input signal. FIG. 4
is a diagram of an exemplary input signal 402 received by the outage detection device 102 and an
exemplary output signal 404 generated by the outage detection device 102. As shown in FIG. 4, the
input signal 402 comprises a typical alternating current (AC) voltage signal (such as an AC sine wave)
with zero crossings (e.g., 402a, 402b) occurring approximately 8.33 milliseconds (ms) apart.

[0071] The opto-isolator 102a of outage detection device 102 receives the input signal 402
via the hot and neutral connections to the power distribution system (including the electrical grid)
and converts the input signal 402 into the output signal 404. As shown in FIG. 4, the output signal
404 comprises a voltage curve having a plurality of rising edges (e.g., 404a, 404b) that generally
correspond to the zero crossings of the input signal 402, in that the rising edges occur approximately
8.33 ms apart. The diagram 406 in FIG. 4 depicts the input signal 402 and the output signal 404
superimposed, to show the correspondence of the signals. It should be appreciated that, depending
upon the electrical system to which the outage detection device 102 is coupled (including the
spectrum of electronic devices that may be coupled to the electrical system), one or more different
points on the plurality of rising edges in the output signal 404 can correspond to the zero crossings of
the input signal 402—for example, the start of the rising edges in the output signal 404 can correspond
to the zero crossings of the input signal 402, the midpoint between start and peak of the rising edges
can correspond to the zero crossings, or the peak of the rising edges can correspond to the zero
crossings. It should further be appreciated that the same points on each rising edge (e.g., start,
midpoint, peak) should occur approximately 8.33 ms apart. The output signal 404 is transmitted to
the processor embedded in the outage detection device (see FIG. 1), which monitors the output signal
404 as described below. It should be appreciated that the exact timing of the zero crossings described
herein is for example purposes only, and corresponds to standard timing of U.S. power systems. The
algorithms and techniques described herein here can be modified to automatically detect and adjust

to differing timing of international power systems.
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[0072] Turning back to FIG. 2A, when the outage detection device 102 is powered up and
connected to the server computing device 106, the outage detection device 102 periodically transmits
(206) a keepalive packet to the alerting module 106a of server computing device 106. The keepalive
packet is used to inform the server computing device 106 that the outage detection device 102 is
receiving electrical power (i.e., there is no power outage at the corresponding location) and that the
outage detection device 102 is online. For example, the processor 102b of the outage detection device
102 executes a main thread that runs continuously and sends the keepalive packet to the server
computing device 106 at a regular ¥ second interval. In some embodiments, the keepalive packet
can additionally contain other regularly monitored data that is generated by the A/D converter 102c
as described above, such as the measured root mean square (RMS) voltage of the power distribution
system, the frequency of the voltage sine wave, the relative phase angle of the sine wave, amplitude
of the sine wave harmonics and any number of measures of the high frequency noise amplitude.
Examples of certain, non-limiting types of power quality data that can be captured and transmitted
by the outage detection device 102 are described in U.S. Patent No. 10,641,806, titled “Detection of
Electric Discharges that Precede Fires in Electrical Wiring,” which is incorporated herein by
reference.

[0073] In addition, the main thread monitors a global power outage flag. When the power
outage flag is set (e.g., to 1), the main thread sends a fault packet to the server computing device 106
(e.g., indicating a power outage) and resets the power outage flag to 0. Additional detail about the
power outage flag and fault packet is described below.

[0074] The outage detection device 102 monitors (208) the generated output signal during
each of a plurality of clock cycles having a defined duration. For example, the processor 102b of
outage detection device 102 can create a timer (or timeout clock) that cyclically counts down from 9
ms (~55 Hz frequency) to zero, and then resets. When the timer reaches zero, the processor 102b

calls an interrupt to the main thread (the “timeout interrupt”). In addition, the processor 102b calls
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an interrupt to the main thread (the “opto-isolator interrupt”) when the processor detects a rising edge
in the output signal (i.e., signal 404 in FIG. 4) received from the opto-isolator 102a.

[0075] When the processor 102b calls the opto-isolator interrupt, the processor 102b of outage
detection device 102 determines (210) whether a rising edge occurred in the generated output signal
404. For example, the processor 102b counts how many clock ticks occurred since the time of the
last opto-isolator interrupt. When either (i) a rising edge occurred in the generated output signal 404
prior to a predetermined clock value in the clock cycle (for example, if the last opto-isolator interrupt
occurred less than 7.6 ms ago (~65 Hz frequency) or (ii) a rising edge did not occur in the generated
output signal 404 during the clock cycle (for example, the last opto-isolator interrupt occurred more
than 9 ms ago—thereby triggering the timeout interrupt described above), this indicates a loss of
power. As a result, the processor 102b sets the global power outage flag to 1. As described above,
the main thread executed by the processor 102b is monitoring the global power outage flag and when
the main thread sees the flag set to 1, the processor of output detection device 102 transmits (212) a
fault packet to the alerting module 106a of server computing device 106 and initiates (214) a new
clock cycle for monitoring the generated output signal 404 (e.g., by reloading or resetting the timeout
clock to 9 ms).

[0076] FIG. 5A is a detailed timing diagram showing the output signal generated by the
outage detection device 102 and the corresponding value of the global power outage flag when power
outages are detected by the outage detection device 102. As shown in FIG. 5A, the trace 510
corresponds to the output signal 404 generated by the outage detection device 102. The solid black
line 502 indicates the value of the global power outage flag in the main thread of the processor 102b,
and the dotted black line 504 indicates when the main thread finishes sending a fault packet to the
server computing device 106. For example, the processor 102b detects a power outage at time t1 and
sets the global power outage flag to 1. Then, at time t2, the main thread of processor 102b reads the
global power outage flag as 1 and starts transmitting a fault packet to server computing device 106.

At time t3, the main thread finishes sending the fault packet to server computing device 106. The
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processor 102b detects a second power outage at time t4 (which could correspond to the same overall
power outage) and begins transmitting a second fault packet to server computing device at time t5.
Then, at time t6, the processor 102b finishes sending the second fault packet.

[0077] Alternatively, when a rising edge occurred in the generated output signal 404 at a
predetermined clock value in the clock cycle (i.e., at approximately 8.33 ms), the opto-isolator
interrupt process does not set the global power outage flag to 1 (and the timeout interrupt does not
trigger). As a result, the processor 102b of output detection device 102 merely initiates (214) a new
clock cycle for monitoring the generated output signal 404 (e.g., by reloading or resetting the timeout
clock to 9 ms).

[0078] FIG. 5B is a graph of output signals from a plurality of different outage detection
devices when a power outage has occurred. As shown in FIG. 5B, each line (e.g., line 512)
corresponds to voltage readings from an output signal of a different outage detection device. Shortly
before 05:48, a power outage occurred—which is reflected in the graph at line t1 where the readings
from each device suddenly stop. In the following few minutes, power is restored at different times
to each of the outage detection devices—indicated by the arrows labeled ‘power restoration.’

[0079] Turning to FIG. 2B, in the event that the outage detection device 102 transmits a fault
packet to the server computing device 106, the alerting module 106a receives (216) the fault packet
and listens (218) for keepalive packets from the outage detection device 102. As described
previously, the main thread of the processor 102b of outage detection device 102 is configured to
transmit a keepalive packet to the server computing device 106 every % second. When the alerting
module 106a receives a fault packet and does not subsequently detect any keepalive packets for at
least a defined time period (e.g., 5 seconds) after the fault packet is received, the alerting module
106a transmits (220) a power outage notification to one or more remote computing devices.

[0080] In some embodiments, the alerting module 106a can transmit the power outage
notifications via one or more communications channels and/or communication protocols—such as

email, text (e.g., SMS), automated phone call—to remote computing devices like mobile phones,
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smart watches, smart devices, tablets, laptops, etc. In some embodiments, the alerting module 106a
can transmit the power outage notifications to computing devices associated with different
organizations via, e.g., webhook API callbacks, or by utilizing services from cloud computing
providers such as Amazon Web Services (AWS) Simple Notification Service. In one example, the
remote computing device can comprise a mobile application (app) that is configured to receive push
notifications from the alerting module 106a that, when received, automatically activate functionality
of the mobile app to alert a user of the remote computing device (e.g., pop-up message, audible alert,
and/or haptic alert (vibration)) that a power outage is occurring at the corresponding location of the
outage detection device 102. FIG. 6A is an exemplary user interface of a remote computing device
(e.g., a smart phone) that depicts a power outage notification received from the alerting module 106a.
As shown in FIG. 6A, the power outage notification includes a visual symbol 602 indicating a power
outage event and a detailed description 604 including a time and location of the power outage.
[0081] After transmitting the power outage notification, the alerting module 106a returns to
listening for keepalive packets from the outage detection device 102. When the alerting module 106a
subsequently detects one or more keepalive packets (either within the defined time period or after the
defined time period has elapsed) after the power outage notification is transmitted, the alerting
module 106a transmits (222) a power restoration notification to the one or more remote computing
devices. As described above with respect to the power outage notification, the remote computing
devices can receive the power restoration notification from the alerting module 106a and activate
functionality of the remote computing device to alert a user of the device that power has been restored.
FIG. 6B is an exemplary user interface of a remote computing device that depicts a power restoration
notification received from the alerting module 106a. As shown in FIG. 6B, the power restoration
notification includes a visual symbol 606 indicating a power restoration event and a detailed
description 608 including a time and location of the power restoration.

[0082] It should be appreciated that reliability of the power outage detection methodology

described herein can depend upon the connectivity between the outage detection device 102 and the
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server computing device 106, as well as depending upon the availability of intermediate equipment
which supports that connectivity. For example, the power outage detection device 102 may be
connected to a local WiFi router (e.g., installed in a home or business), which in turn is connected to
an internet modem or router, which in turn is connected to other components within a corresponding
Internet provider’s network before the connection finally reaches the server computing device 106
that detects the power outage event. As a result, the fault packets must be sent by the outage detection
device 102 and traverse each segment of the communication medium 104 (e.g., network) which may
or may not be powered by the same power distribution system and power lines before one or more of
these devices loses power and can no longer transmit, re-transmit, and/or relay the fault packets to
the next link in the overall connection. It should be appreciated that if the fault packets do not reach
the server computing device 106, then the server computing device 106 cannot distinguish if the
keepalive packets stopped because of loss of communication connectivity (e.g., an Internet outage)
or instead due to a power outage at the location of the outage detection device 102. Therefore, rapid
detection of power outages and transmission of fault packets is essential to the advantages provided
by the methods and systems described herein.

[0083] In order to determine the effectiveness of detecting power outages using this method,
tests were performed using two power outage detection devices set up in two different locations. Each
power outage detection device was placed on a programmable switch so that power could be turned
off automatically once per day over several months. FIG. 7 is a diagram which shows the results of
the testing. As shown in FIG. 7, the power outage detection devices 102 successfully detected power
outages 95% of the time on average, with a maximum of 100% detection efficiency and a minimum
of 71% detection efficiency.

[0084] Also, it should be appreciated that another advantage provided by the techniques
described herein is the improved power outage detection and notification efficiency with scale of
installation of the power outage detection devices in proximity to each other. For example, when

multiple power outage detection devices are in proximity to each other, for example on the same
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voltage transformer which powers multiple homes, the efficiency of detecting power outages
increases. If a power outage detection device 102 installed in at least one of the homes on the same
electrical network is able to communicate a fault packet to the server computing device 106, and the
keepalive packets stop arriving at the same time, then a power outage notification can be sent to
remote devices associated with each customer on the network. The same approach can be used for a
wider area electrical grid outage: if dozens of homes are powered by the same substation, then in the
event of a power outage at that substation, only one power outage detection device 102 installed at a
single home of the dozens of homes serviced by the substation needs to successfully transmit a fault
packet to the server computing device 106 in order to generate a power outage notification to a remote
device associated with customers in each of the dozens of homes. Conversely, if a dozen homes are
powered by the same substation and the outage detection device 102 installed at each of the homes
does not transmit a fault packet prior to loss of communications of the keepalive packets, then it can
be safely assumed that the outage was the result of another non-power related occurrence (e.g., an
Internet Service Provider (ISP) outage), and not the result of loss of power.

[0085] Another important feature of the methods and systems described herein is the
capability to monitor the power quality of the electrical power received by the outage detection device
102 of the system 100 and provide information relating to the power monitoring to both customers
(e.g., the homeowner where the power outage detection device 102 is installed) and utility providers.
As mentioned previously, the power outage detection device 102 can capture additional data about
the electrical power during its regular monitoring for power outages (such as, e.g., measured root
mean square (RMS) voltage of the power distribution system, the frequency of the voltage sine wave,
the relative phase angle of the sine wave, amplitude of the sine wave harmonics and any number of
measures of the high frequency noise amplitude), and the outage detection device 102 can transmit
the data to the server computing device 106 (e.g., as part of the transmission of keepalive packets to
the server computing device).

[0086] As will be described in greater detail below, the outage detection device 102 can send
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5 Vrms samples of the voltage to the server computing device 106 each ¥ second (or 20 Vrms
readings per second). This enables the server computing device 106 to monitor for surges and sags in
the voltage, which can cause damage to appliances or sensitive electronics devices that are also
coupled to the power distribution system. FIG. 8 is a graph known as the ITI (CBEMA) curve. The
graph shows the acceptable voltage levels within an envelope of voltage amplitude over a time
duration. For example, a very short duration (~16 milliseconds) with a large voltage amplitude (300
volts) generally does not impact a device being powered on a circuit, but if the voltage amplitude
remains at 300 volts for more than five seconds, it could cause damage to any devices on the electrical
network. Additionally, when multiple power outage or surge and sag events occur over many days
for a single location, it is recommended that the customer reach out to their electric utility. Recurring
power quality problems can cause damage to appliances and sensitive electronics and may indicate
more severe problems with electrical power lines coming to the residence which could cause electrical
fires.

[0087] For example, if the amplitude and duration of voltage data streaming to the alerting
module 106a exceed the bounds of the CBEMA curve above nominal voltage levels, the alerting
module 106a sends a “Power Surge” notification message to the device of the end user. If the
amplitude and duration of voltage data streaming to the alerting module 106a exceed the bounds of
the CBEMA curve below nominal voltage levels, the alerting module 106a sends a “Power
Brownout” notification to the end user’s device.

[0088] In some embodiments, other information gathered from the voltage signal can also
indicate power quality problems. For example, a measurement of the voltage sine wave frequency
which has a very high variance might signal that the home is no longer using utility power, but has
switched over to a generator backup. A large jump change in sine wave frequency might be an
indicator that something has changed on the grid, such as a power producing plant has gone offline.
This typically results in a large drop in frequency. Or, this event may indicate that a new power-

producing plant has come online which can result in a large jump up in frequency. The system 100
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can utilize algorithms to detect that a generator has been turned on in a home, such as measuring the
frequency variance over the previous five seconds, and if the variance exceeds a threshold, after a
power outage has been detected, the system 100 can send a notification to the end user’s device and/or
a utility monitoring device that the home is now on generator power. When the frequency variance
falls back to a normal variance, then the system 100 can send a notification that the home has been
restored to utility power.

[0089] While large deviations of RMS voltage outside of the limits of the CBEMA curve are
most damaging to equipment in the home, smaller changes in RMS voltage can be indicators of
activity within the home which can also alert a homeowner to faults with devices or to hazardous
conditions. One such hazardous condition is knows as a loose neutral. A loose neutral occurs when
the neutral line which normally holds the voltage level within the home to “ground” becomes
disconnected. The result of a loose neutral is that the voltage on a single leg is much less stable and
includes a much higher occurrence of jumps in the positive direction (increases in voltage). This is
due to the imbalance of impedances on each leg which occurs when independent devices on each leg
turn on and off. Large devices which run off of 220V do not create any noticeable difference in
voltage jumps.

[0090] Additionally, when multiple power outage or surge and sag events occur over many
days for a single location, it is recommended that the customer reach out to their electric utility.
Recurring power quality problems can cause damage to appliances and sensitive electronics and may
indicate more severe problems with electrical power lines coming to the residence which could cause
electrical fires. A recurring power quality problem may be limited to a single home, in which case, it
is likely a loose neutral, or it may occur regularly with homes on the same transformer or substation.
In these cases, the recurring power quality problem may indicate a failure at a common transformer
or at the substation.

[0091] FIG. 9 is a block diagram of a networked power quality detection and notification

system 900. The system 900 of FIG. 9 uses many of the same devices as described above with respect
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to FIG. 1, so those descriptions will not be repeated here. As shown in FIG. 9, the system 900
comprises a plurality of outage detection devices 902, 910, 912 installed at different locations (e.g.,
homes, businesses) in a geographic area. These outage detection devices 902, 910, 912 provide power
quality data as described above to a server computing device 906 via a communications network 904.
The server computing device 906 analyzes the power quality data received from the plurality of
outage detection devices 902, 910, 912 utilizing one or more power quality analysis algorithms (as
will be described below) to detect power quality events and generate event notification messages that
are distributed to one or more remote computing devices 908a, 908b controlled by end users (e.g.,
homeowners, business owners, utilities, etc.). It should be appreciated that an outage detection device
(e.g., device 902) can be located at the same location as a remote computing device (e.g., device
908a)—for example, a homeowner can install the outage detection device 902 at his or her home and
view notification messages at any of several different computing devices associated with the
homeowner, such as computing devices located at the home or mobile devices that the user takes with
them.

[0092] FIG. 10 is a flow diagram of a computerized method of analyzing power quality data
using the system 900 of FIG. 9. Upon receiving the power quality data, the server computing device
906 detects (1002) one or more power quality events occurring based upon the received power quality
data. The server computing device 906 can store the captured power quality data as historical data
for future reference as described herein. In some instances, it can be appreciated that no power quality
events occurred in the power quality data received by the server computing device 906, so no further
action is taken.

[0093] When one or more power quality events are detected, the server computing device 906
correlates (1004) the detected one or more power quality events to one or more external events that
may have contributed to or influenced the power quality events. For example, lightning strikes or
other weather activity may have occurred in the same geographic area as the homes or businesses

being monitored by the outage detection devices 902, 910, 912. In another example, the electrical
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grid equipment may have executed an automatic reclosure event, in which a circuit recloser on the
grid sensed a fault condition and temporarily shut off power to a portion of the grid that services
homes and businesses with the outage detection devices 902, 910, 912 installed. In yet another
example, changes to electricity demand on certain portions of the grid (e.g., energy pricing events)
may occur that affects the power quality to homes and businesses utilizing the outage detection
devices 902, 910, 912.

[0094] Once the correlation step is complete, the server computing device 906 analyzes
(1006) the power quality events and external events using one or more power quality algorithms as
described herein. It should be appreciated that the power quality algorithms are exemplary, and other
types of algorithms can be utilized with the methods and systems described herein. Further, it should
be appreciated that, in some embodiments, the outage detection device 902, 910, 912 installed at each
location can perform some or all of the power quality analysis described herein as being performed
by the server computing device 906 (e.g., to provide real-time customized power quality analysis for
a particular location).

[0095] After analyzing the power quality events and external events, the server computing
device 906 performs (1008) historical power event analysis for, e.g., the particular location,
geographic area, and/or any number of outage detection devices 902, 910, 912. As described below,
the system can leverage historical event data in order to detect recurrent power quality issues (e.g.,
sags, surges, etc.) that may be indicative of structural deficiencies with the grid and/or the home
wiring system (such as a loose neutral) and which can only be detected by analyzing power quality
data over a longer period of time, such as several days, weeks, or months. Finally, the server
computing device 906 transmits (1010) one or more event notification messages (e.g., alert messages)
based upon the above power event analysis that are then distributed to one or more remote computing
device 908a, 908b as will be described in detail below.

[0096] The general structure of a power quality algorithm executed by the server computing

device is as follows:
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[0097] 1. The server computing device 906 captures and queues a plurality of seconds of
incoming power quality data.

[0098] 2. The server computing device 906 detects power quality events in the incoming
power quality data based on pre-defined data types and pre-defined rules (e.g., as determined from a
historical data queue), including executing one or more specific power quality algorithms on the
incoming data. The server computing device 906 labels the detected power quality events with certain
data points, such as: time of the event, location of the event, and various detected or calculated
quantities relative to the event (e.g., measured root mean square (RMS) voltage of the power
distribution system, the frequency of the voltage sine wave, the relative phase angle of the sine wave,
amplitude of the sine wave harmonics and any number of measures of the high frequency noise
amplitude).

[0099] 3. The server computing device 906 adds the detected power quality events to an
event correlation queue to detect correlated events (i.e., from multiple outage detection devices or
external events). For example, the external event data can be obtained from one or more remote
computing devices—in the case of lightning strikes, the server computing device 906 can, e.g.,
communicate with a server in a lightning detection network to identify lightning events. As can be
appreciated, correlated events typically occur within a time delta of the above-detected power quality
events, within a location delta of the locations of the outage detection devices 902, 910, 912, and are
generally the same type of events (including but not limited to the same or similar power quality
characteristics, durations, start times, stop times, geographic locations, and the like). In some
embodiments, a minimum number of outage detection devices may be required to agree before a
correlated event is detected in order to minimize false detections.

[0100] 4. The server computing device 906 stores the detected power quality events and
correlated events to, e.g., long-term storage such as a NoSQL database or other type of archival

storage.

27



20 Mar 2026

2026202180

[0101] 5. The server computing device 906 transmits power quality notification messages to
one or more remote computing devices 908a, 908b based on the detected power quality events,
correlated events, and in some embodiments, historical events (e.g., generated by tracking the power
quality data for a particular outage detection device 902, 910, 912 and/or geographical area over a
period of time).

[0102] The following are examples of algorithms that can be used by the server computing
device 906 to detect specific power quality conditions and events.

Surge Event

[0103] Generally, a surge event occurs when conditions on the electrical grid result in excess
voltage being delivered to the home. In order to detect a surge event, the server computing device
906 can analyze the incoming power quality data as below.

[0104] 1. The server computing device 906 captures and queues a defined amount (e.g., SiX
seconds) of incoming RMS voltage data.

[0105] 2. If the server computing device 906 determines that the RMS voltage exceeds a
predefined threshold percentage (e.g., 120%) of a nominal voltage for a number of consecutive data
points (or is otherwise outside of the upper part of the CBEMA curve), the server computing device
906 adds a “surge” event to an event queue with, e.g., the UTC time of the event, the location (e.g.,
location data such as GPS, lat/lon, cellular-based data, etc.) associated with the point of installation
for the outage detection device that captured the incoming data), and the maximum value of RMS
voltage. It should be appreciated that, in some embodiments, the predefined threshold percentage can
vary based upon the number of consecutive data points in which the RMS voltage is greater than a
minimum threshold percentage.

[0106] 3. The server computing device 906 adds the detected surge event to be evaluated
along with other surge events in a correlation event queue. The correlation event queue is evaluated

to produce correlated events, which as an example includes “grid surge events” that are within a
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defined time period (e.g., 400 milliseconds) and a defined proximity (e.g., ten kilometers) of the
detected surge event and, in some embodiments, may require a minimum number of events to agree.
[0107] 4. The server computing device 906 stores the detected surge event and correlated
grid surge events to, e.g., long-term storage.

[0108] 5. The server computing device 906 transmits alert notification messages relating to
the detected surge event and correlated events to remote computing device 908a (such as mobile
phones, smart devices, wearables, etc.) associated with individual homeowners where the surge event
has been detected and/or transmit notification messages relating to the detected surge event and
correlated events (including external events, if detected) to remote computing device 908b of the
related utilities or other grid operators.

[0109] FIG. 11 is a graph showing the output signal generated by a plurality of different
outage detection devices during a grid surge event. As shown in FIG. 11, each line in the graph (e.g.,
line 1102) represents the output signal from a different outage detection device. Around 14:17:10
(time t1), a surge event occurred, resulting in a power outage. The RMS voltage signals received by
the server computing device 906 from each of the outage detection devices increased significantly
from their prior levels—indicating a surge of voltage was received by the outage detection devices.

Brownout Event

[0110] Generally, a brownout event occurs when conditions on the electrical grid result in an
extended drop in the voltage being delivered to the home. In order to detect a brownout event, the
server computing device 906 can analyze the incoming power quality data as below.

[0111] 1. The server computing device 906 captures and queues a defined amount (e.g., six
seconds) of RMS voltage data.

[0112] 2. If the server computing device 906 determines that the RMS voltage is less than a
predefined threshold percentage (e.g., 70%) of a nominal voltage for a number of consecutive data
points (or is otherwise below the CBEMA curve), the server computing device 906 adds a “brownout”

event to the event queue with, e.g., the UTC time of the event, the location, and the minimum value
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of RMS voltage. It should be appreciated that, in some embodiments, the predefined threshold
percentage can vary based upon the number of consecutive data points in which the RMS voltage is
less than a minimum threshold percentage.

[0113] 3. The server computing device 906 adds the detected brownout event to be evaluated
along with other brownout events in a correlation event queue. The correlation event queue is
evaluated to produce correlated events, which as an example includes “grid brownout events” that
are within a defined time period (e.g., 400 milliseconds) and a defined proximity (e.g., ten kilometers)
of the detected brownout event and, in some embodiments, may require a minimum number of events
to agree.

[0114] 4. The server computing device 906 stores the detected brownout event and correlated
grid brownout events to, e.g., long-term storage.

[0115] 5. The server computing device 906 transmits alert notification messages relating to
the detected brownout event and correlated events to remote computing device 908a associated with
individual homeowners where the brownout event has been detected and/or transmit notification
messages relating to the detected brownout event and correlated events to remote computing device
908b of the related utilities or other grid operators.

[0116] FIG. 12 is a graph showing the output signal generated by a plurality of different
outage detection devices during a brownout event. As shown in FIG. 12, each line in the graph (e.g.,
line 1202) represents the output signal from a different outage detection device. Around 21:02:34
(time t1), a brownout event occurred. The voltage RMS signals received by the server computing
device 906 from each of the outage detection devices dropped significantly over a few cycles and
then returned to approximately the same voltage levels—indicating a brownout event was captured

at the outage detection devices.
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Sag Jump Event

[0117] Generally, a sag jump event occurs when conditions on the electrical grid result in a
brief drop in the voltage being delivered to the home. In order to detect a sag jump event, the server
computing device 906 can analyze the incoming power quality data as below.

[0118] 1. The server computing device 906 captures and queues a defined amount (e.g., SiX
seconds) of RMS voltage data.

[0119] 2. The server computing device 906 determines whether one or more RMS voltage
drops occurred that are larger than a predefined threshold percentage (e.g., 2.5%) of a nominal
voltage, and the server computing device 906 generates a “sag jump” event for each detected voltage
drop.

[0120] 3. The server computing device 906 adds the detected sag jump event(s) (including,
e.g., the UTC time of the event, the location, and the maximum value of RMS voltage drop) to a
correlation event queue.

[0121] 4. The server computing device 906 evaluates all sag jump events in the correlation
event queue to identify sag jump events that occurred within a defined time period (e.g., 400
milliseconds) and a defined proximity (e.g., ten kilometers) of each other. In some embodiments, a
minimum number of events may be required to identify correlated events.

[0122] 5. The server computing device 906 stores the identified sag jump event(s) and
correlated events to, e.g., long-term storage.

[0123] 5. The server computing device 906 transmits alert notification messages relating to
the detected sag jump event(s) and correlated events to remote computing device 908a associated
with individual homeowners where the sag jump event(s) have been detected and/or transmit
notification messages relating to the sag jump event(s) and correlated events to remote computing
device 908b of the related utilities or other grid operators.

[0124] FIG. 13 is a graph showing the output signal generated by a plurality of different

outage detection devices during a sag jump event. As shown in FIG. 13, each line in the graph (e.g.,
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line 1302) represents the output signal from a different outage detection device. Around 21:02:35
(time t1), a sag jump event occurred. The RMS voltage signals received by the server computing
device 906 from each of the outage detection devices dropped significantly and then almost
immediately returned to approximately the same voltage levels—indicating a sag jump event was
captured at the outage detection devices.

Swell Jump Event

[0125] Generally, a swell jump event occurs when conditions on the electrical grid result in
an increase in the voltage being delivered to the home. In some cases, a swell jump event can occur
when a heavy load turns off in the electrical system. In order to detect a swell jump event, the server
computing device 906 can analyze the incoming power quality data as below.

[0126] 1. The server computing device 906 captures and queues a defined amount (e.g., SiX
seconds) of RMS voltage data.

[0127] 2. The server computing device 906 determines whether one or more RMS voltage
increases occurred that are larger than a predefined threshold percentage (e.g., 2.5%) of a nominal
voltage, and the server computing device 906 generates a “swell jump” event for each detected
voltage increase.

[0128] 3. The server computing device 906 adds the detected swell jump event(s) (including,
e.g., the UTC time of the event, the location, and the maximum value of RMS voltage increase) to a
correlation event queue.

[0129] 4. The server computing device 906 evaluates all swell jump events in the correlation
event queue to identify swell jump events that occurred within a defined time period (e.g., 400
milliseconds) and a defined proximity (e.g., ten kilometers) of each other. In some embodiments, a
minimum number of events may be required to identify correlated events.

[0130] 5. The server computing device 906 stores the identified swell jump event(s) and

correlated events to, e.g., long-term storage.
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[0131] 6. The server computing device 906 transmits alert notification messages relating to
the detected swell jJump event(s) and correlated events to remote computing device 908a associated
with individual homeowners where the swell jump event(s) have been detected and/or transmit
notification messages relating to the swell jump event(s) and correlated events to remote computing
device 908b of the related utilities or other grid operators.

[0132] FIG. 14 is a graph showing the output signal generated by a plurality of different
outage detection devices during a swell jump event. As shown in FIG. 14, each line in the graph
(e.g., line 1402) represents the output signal from a different outage detection device. Around
01:33:50 (time t1), a swell jump event occurred. The voltage RMS signals received by the server
computing device 906 from each of the outage detection devices almost immediately increase to
higher voltage levels—indicating a swell jump event was captured at the outage detection devices.

High Frequency (HF) Filter Event

[0133] As mentioned above, the outage detection device 902, 910, 912 can monitor certain
power quality data including high frequency amplitude of power coming into the home, which can
cause damage to wiring and appliances in the home. In order to detect a high frequency filter event,
the server computing device 906 can analyze the incoming power quality data as below.

[0134] 1. The server computing device 906 captures and queues a defined amount (e.g., six
seconds) of High Frequency (HF) amplitude data.

[0135] 2. The server computing device 906 calculates a sliding mean of the High Frequency
(HF) amplitude data. If the mean is greater than one, then the server computing device 906 generates
a HF Filter event when the HF amplitude data jumps by more than a predefined multiple (e.g., five)
of the mean. If the mean is less than one, then the server computing device 906 generates an event
when the HF amplitude data jumps above a predefined threshold (e.g., five). It can be appreciated
that, in some embodiments, the selected jump thresholds for identifying HF Filter events may vary

based on different signal to noise thresholds or other features of the HF data.

33



20 Mar 2026

2026202180

[0136] 3. The server computing device 906 adds the HF Filter event(s) (including, e.g., the
UTC time of the event, the location, and the magnitude of the HF amplitude jump) to a correlation
event queue.

[0137] 4. The server computing device 906 evaluates all HF Filter jump events in the
correlation event queue to identify HF Filter events that occurred within a defined time period (e.g.,
400 milliseconds) and a defined proximity (e.g., ten kilometers) of each other. In some embodiments,
a minimum number of events may be required to identify correlated events.

[0138] 5. The server computing device 906 stores the identified HF Filter event(s) and
correlated events to, e.g., long-term storage.

[0139] 6. The server computing device 906 transmits alert notification messages relating to
the detected HF Filter event(s) and correlated events to remote computing device 908a associated
with individual homeowners where the HF Filter event(s) have been detected and/or transmit
notification messages relating to the HF Filter event(s) and correlated events to remote computing
device 908b of the related utilities or other grid operators.

[0140] FIG. 15 is a graph showing the output signal generated by a plurality of different
outage detection devices during a HF Filter jump event. As shown in FIG. 15, each line in the graph
(e.g., line 1502) represents the output signal from a different outage detection device. Around
14:15:20 (time t1), an HF Filter jump event occurred. The frequency signals received by the server
computing device 906 from each of the outage detection devices almost immediately increase to
higher levels and are much noisier with wide variation of frequencies in each signal—indicating an
HF Filter jump event was captured at the outage detection devices.

[0141] It should be appreciated that the system can be further configured to detect incipient
arcing events on the electrical grid. For example, when the system detects multiple HF Filter events
over time without any changes in voltage or frequency of phase angle, the system can determine that
the HF Filter events correspond to an incipient arcing event—thereby detecting a dangerous condition

at a very early stage. The system can then alert the grid operator and/or utility provider that the arcing
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condition exists as well as a possible geographic area or location of the condition, so that the operator
can quickly assess and remedy the problem.

Frequency Event

[0142] As mentioned above, the outage detection device 902, 910, 912 can monitor certain
power quality data including frequency of power coming into the home, which under certain
conditions—including sudden increases or decreases—can cause damage to wiring and appliances in
the home. In order to detect a frequency event, the server computing device 906 can analyze the
incoming power quality data as below.

[0143] 1. The server computing device 906 captures and queues a defined amount (e.g., SiX
seconds) of frequency data.

[0144] 2. The server computing device 906 calculates a sliding average of the frequency data.
If the frequency jumps by more than a predefined threshold (e.g., 0.05 Hz) from the average, then the
server computing device 906 generates a frequency event. The server computing device 906 also
calculates the standard deviation of the frequency and generates a frequency event if (i) standard
deviation changes from less than a lower threshold (e.g., 0.025Hz) to greater than a higher threshold
(e.g., 0.05 Hz) or (ii) if the standard deviation changes from greater than the higher threshold (e.g.,
0.05H2z) to less than the lower threshold (e.g., 0.025Hz).

[0145] 3. The server computing device 906 adds the frequency event (including, e.g., the
UTC time of the event, the location, the maximum value of the frequency jump and the standard
deviation of the frequency) to a correlation event queue.

[0146] 4. The server computing device 906 evaluates all frequency events in the correlation
event gqueue to identify frequency events that occurred within a defined time period (e.g., 400
milliseconds) and a defined proximity (e.g., ten kilometers) of each other. In some embodiments, a
minimum number of events may be required to identify correlated events.

[0147] 5. The server computing device 906 stores the identified frequency event and

correlated events to, e.g., long-term storage.
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[0148] 6. The server computing device 906 transmits alert notification messages relating to
the detected frequency event and correlated events to remote computing device 908a associated with
individual homeowners where the frequency event have been detected and/or transmit notification
messages relating to the frequency event and correlated events to remote computing devices 908 of
the related utilities or other grid operators.

[0149] FIG. 16 is a graph showing the output signal generated by a plurality of different
outage detection devices during a frequency jump event. As shown in FIG. 16, each line in the graph
represents the output signal from a different outage detection device. Note that in this graph, the
output signals for each of the outage detection devices are very close together, giving the graph an
appearance of having a single line. Around 19:53:00 (time t1), a frequency event occurred. The
frequency signals received by the server computing device 906 from each of the outage detection
devices drop to lower frequencies and then begin to rise—indicating a frequency event was captured
at the outage detection devices.

Loose Neutral Event

[0150] As mentioned above, a loose neutral is a very dangerous condition that can exist in the
wiring of a home. Typically, a loose neutral wire becomes disconnected from its point of connection
which can cause abnormally high or low voltage conditions at outlets within a home. In some cases,
the current will flow to ground through other devices in a home, for example through a television set
to the cable TV connection. Because large currents may flow through cable TV cables or other
conductors which or not designed to handle such large currents, this can result in arcing, or situations
where the conductor becomes very hot, burning its insulation off and even causing damage to its
surroundings—potentially leading to an electrical fire. In some instances, a neutral wire can be
resistive. The neutral’s resistance is low enough to conduct some electricity, but too high to conduct
as well as it should. In these cases, the neutral can become very hot at the location where the
resistance is higher than normal, which may also cause a fire. In order to detect a loose neutral event,

the server computing device 906 can analyze the incoming power quality data as below.
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[0151] 1. The server computing device 906 retrieves historical power quality event data and
historical correlated event data for the particular outage detection device 902, 910, 912 from, e.g.,
long-term storage. For example, as noted above, the system can capture and record power quality
data from an outage detection device in a particular home over time and store the data in long-term
storage, in order to establish a historical record of power quality events associated with the home.
[0152] 2. The server computing device 906 evaluates, for a single outage detection device
902, the number and amplitude of surge events, surge jump events, sag events that were recorded for
that outage detection device 902 within a predetermined time period (such as within the last seven
days) and which are not correlated with other events.

[0153] 3. If the average number of surge events is greater than a predefined threshold (e.g.,
one) per day, or the average number of surge jump events with magnitude greater than a predefined
threshold percentage (e.g., 10%) of a nominal voltage is greater than a predefined threshold (e.g., ten)
per day, or the average number of sag events is greater than a predefined threshold (e.g., ten) per day
(as exemplary conditions), the server computing device 906 generates a loose neutral event and can
store the loose neutral event data in, e.g., long-term storage.

[0154] 4. The server computing device 906 transmits a notification message relating to the
loose neutral event to, e.g., a remote computing device 908a associated with the user. In some
embodiments, the notification message can be also sent to, e.g., a remote computing device 908b
associated with a utility provider servicing the home so that they can determine potential repairs to
ameliorate the loose neutral condition.

[0155] As an example, FIGS. 17A-17C are graphs generated from power quality data
captured by an outage detection device 902 relating to a loose neutral event. FIG. 17A depicts a
graph of nominal Voltage RMS readings captured by an outage detection device—as shown in FIG.
17A, the Voltage RMS value is relatively constant over time. But, when a loose neutral exists, the
outage detection device 902 captures many large positive jumps (e.g., > +10% of the nominal value)

of the Voltage RMS value—as shown in the graph of FIG. 17B. Similarly, FIG. 17C is a graph that
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shows the Voltage RMS readings captured by an outage detection device 902 before and after
resolution of a loose neutral. As shown in FIG. 17C, the Voltage RMS readings contain many large
jumps prior to the resolution point 1702, then the Voltage RMS readings return to the range of
nominal values without the large jumps.

[0156] Below is a table detailing the number of loose neutral connections detected by outage

detection devices in a real world deployment of the system described herein:

Month # of Loose Neutrals Detected
January 2020 1

February 2020 1

March 2020 4

April 2020 1

May 2020 2

June 2020 1

July 2020 1

August 2020 5

September 2020 3

October 2020 5

November 2020 11

December 2020 32

January 2021 24

February 2021 19

[0157] As shown above, in each case the system detected one or more loose neutral events

associated with a particular outage detection device and generated an alert notification to the
associated end user devices, so the homeowner was made aware of the existence of the loose neutral.
In each case, the loose neutral was subsequently verified and fixed by the utility provider. There are

an additional 49 cases currently open and in the process of being resolved. The above data shows the
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significant benefit provided by the systems and methods described herein from the perspective of
quickly and accurately detecting power quality problems in the home before any potential loss of
property or loss of life occurs.

Recurring Power Quality Problem Event

[0158] Other types of recurring problems with power quality (e.g., frequent surges, sags, etc.)
can occur when delivering electricity to a home. In order to detect these problems, the server
computing device 906 can analyze the incoming power quality data as below.

[0159] 1. The server computing device 906 retrieves historical power event data and
historical correlated event data for the particular outage detection device 902, 910, 912 from, e.g.,
long-term storage.

[0160] 2. The server computing device 906 evaluates, for a single outage detection device
902, the number and amplitude of surge events and sag events that were recorded for that outage
detection device 902 within a predetermined time period (such as within the last thirty days).

[0161] 3. If more than a predefined number (e.g., four) of surge events or more than a
predefined number (e.g., ten) of sag events occurred (as exemplary conditions), the server computing
device 906 generates a recurring power quality problem event and can store the recurring power
quality problem event data in, e.g., long-term storage.

[0162] 4. The server computing device 906 transmits a notification message relating to the
recurring power quality problem event to, e.g., a remote computing device 908a associated with the
user. In some embodiments, the notification message can be also sent to, e.g., a remote computing
device 908b of a utility provider servicing the home so that they can determine potential repairs to
ameliorate the recurring power quality problem.

Generator On/Off Event

[0163] The methods and systems described herein can also be used to detect scenarios when

alternative power generation systems (such as generators installed in homes) are activated in response
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to a power outage. In order to detect these situations, the server computing device 906 can analyze
the incoming power quality data as below.

[0164] 1. The server computing device 906 retrieves historical power event data and
historical correlated event data for the particular outage detection device 902, 910, 912 from, e.g.,
long-term storage.

[0165] 2. The server computing device 906 evaluates, for a single outage detection device
902, whether any power outage events and frequency events occurred.

[0166] 3. If the single outage detection device 902 records a power outage event, followed
by a frequency standard deviation change to greater than a predefined threshold (e.g., 0.05 Hz) within
a predefined period of time (e.g., sixty seconds) of the power outage event and the frequency standard
deviation change was not associated with a correlated external event, then the server computing
device 906 generates a “Generator On” event and can transmit a corresponding notification message
to, e.g., a remote computing device 908a associated with the user of the outage detection device 902.
[0167] 4. If asingle outage detection device 902 which has previously met the conditions for
a “Generator On” event records a subsequent frequency event for standard deviation of frequency
change to less than 0.025 Hz, then the server computing device 906 generates a “Generator Off”” event
and can transmit a corresponding notification message to, e.g., a remote computing device 908a
associated with the user of the outage detection device 902.

[0168] As mentioned above, the server computing device 106 and/or the outage detection
device 102 can be configured to generate alert notifications, reports, maps, charts, and the like for
display to users on related remote computing devices. FIG. 18 is a diagram of a user interface
displayed on a remote computing device (e.g., a mobile phone) that shows historical RMS voltage
(Vrms) readings captured by an outage detection device 102. As shown in FIG. 18, the graph 1802
shows the VVrms readings captured by the outage detection device 102 over the course of a single day,
and the meter 1804 shows the low, high, and average VVrms readings. This user interface provides an

easy-to-understand depiction of the power quality for a particular location. The user interface can

40



20 Mar 2026

2026202180

also include a list 1806 of related power quality events—such as brownouts or power surges. For
example, the user interface shows a power brownout occurred at 10:40pm, designated by a yellow
triangle on the graph 1802. The server computing device 106 can also generate a historical calendar
view of the power quality events that occurred for a power outage detection device 102—as shown
in FIG. 19, a user can view a month’s worth of power quality events (e.g., brownouts, surges, outages)
to get a comprehensive picture of the general power quality of the electrical network that services his
or her home.

[0169] In conjunction with the power quality reports and graphs described above, the server
computing device 106 can also generate and transmit power quality notifications to one or more
remote computing devices. FIG. 20A is a diagram of a user interface that shows push notification
alerts sent by the server computing device 106 to a remote device for display. Asshown in FIG. 20A,
the push alerts comprise a description of the related power quality event along with a time that the
event occurred. Similarly, FIG. 20B is a diagram of a user interface that shows a list of power quality
notifications relating to an outage detection device. FIGS. 20C, 20D and 20E are detailed power
quality event alert notifications displayed to users of remote computing devices. FIG. 20C is a power
surge notification providing the user with detailed information regarding the timing, location (e.qg.,
which outage detection device captured the data associated with the event), and voltage reading for
the surge event. FIG. 20D is a power brownout notification providing the user with detailed
information regarding the timing, location, and voltage reading for the brownout event. FIG. 20E is
a recurring power quality problems notification providing the user with detailed information
regarding the cadence and amount of power quality problems experienced by a home’s electrical
system. As a result, the system 100 is configured to automatically generate and transmit these alerts
quickly to relevant users so that the users can stay up-to-date on power quality events that affect their
home or business.

[0170] In addition to event notification messages, the systems and methods described herein

can generate maps that display the location of particular power quality events in relation to each other
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and enables users (e.g., consumers, grid operators, utility companies) to quickly and easily determine
whether a particular geographic area is experiencing a type of power quality event that needs to be
resolved.

[0171] FIG. 21A is a diagram of a geographic map generated by the server computing device
106 that depicts the location of detected power outage events by the network of outage detection
devices. Asshown in FIG. 21A, each circle on the map represents one or more power outage events
with bigger circles identifying more widespread outages. A user can interact with the map of FIG.
21A (e.g., by clicking on one of the circles) to see a more detailed view of a particular geographic
area—as shown in FIG. 21B, where the user selected a power outage event 2102 in the greater
Houston, Texas area, and the server computing device 106 generates a zoomed-in view 2104 of the
map including a plot 2106 of the specific outage detection device locations as well as an information
area 2108 that includes details about the outage event, including number of customers affected, a
summary of the readings captured by the outage detection devices, correlated events 2110 and other
power quality data information.

[0172] FIG. 22A is a diagram of a geographic map generated by the server computing device
106 that depicts the location of detected grid surge and brownout events by the network of outage
detection devices. As shown in FIG. 22A, each diamond on the map represents one or more grid
surge and/or brownout events with bigger diamonds identifying more widespread events. A user can
interact with the map of FIG. 22A (e.g., by clicking on one of the diamonds) to see a more detailed
view of a particular geographic area—as shown in FIG. 22B, where the user selected a brownout
event 2202 in the greater Los Angeles area, and the server computing device 106 generates a zoomed-
in view 2204 of the map including a plot 2206 of the specific outage detection device locations as
well as an information area 2208 that includes details about the brownout event, including the number
of customers affected, a summary of the readings captured by the outage detection devices, correlated

events 2210 and other power quality data information.
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[0173] Similarly, FIG. 23 is a diagram of detailed view of a map depicting grid sag jump
events detected in a particular geographic area (i.e., Los Angeles). As shown in FIG. 23, the user
selects a sag jump event 2302 near Los Angeles and the server computing device 106 generates a
zoomed-in view 2304 of the map including a plot 2306 of the specific outage detection device
locations as well as an information area 2308 that includes details about the grid sag jump event,
including the number of customers affected, a summary of the readings captured by the outage
detection devices, correlated events 2310 and other power quality data information.

[0174] FIG. 24 is a diagram of detailed view of a map depicting grid swell jump events
detected in a particular geographic area (i.e., near San Antonio, Texas). As shown in FIG. 24, the
user selects a swell jump event 2402 near San Antonio and the server computing device 106 generates
a zoomed-in view 2404 of the map including a plot 2406 of the specific outage detection device
locations as well as an information area 2408 that includes details about the swell jump event,
including the number of customers affected, a summary of the readings captured by the outage
detection devices, correlated events 2410 and other power quality data information.

[0175] FIG. 25A is a diagram of a geographic map generated by the server computing device
106 that depicts the location of detected grid frequency events by the network of outage detection
devices. As shown in FIG. 25A, each octagon on the map represents one or more grid frequency
events with bigger octagons identifying more widespread events. Like the maps above, a user can
interact with the map of FIG. 25A to see a more detailed view of a particular geographic area—as
shown in FIG. 25B, where the user selected a frequency event 2502 in the greater Los Angeles area,
and the server computing device 106 generates a zoomed-in view 2504 of the map including a plot
2506 of the specific outage detection device locations as well as an information area 2508 that
includes details about the outage event, including the number of customers affected, a summary of
the readings captured by the outage detection devices, correlated events 2510 and other power gquality

data information.
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[0176] FIG. 26 is a diagram of a geographic map generated by the server computing device
106 that depicts the location of detected HF Filter jump events by the network of outage detection
devices. As shown in FIG. 26, each pentagon on the map represents one or more grid frequency
events with bigger pentagons identifying more widespread events. Like the maps above, a user can
interact with the map of FIG. 26 to see a more detailed view of a particular geographic area.

[0177] It should be appreciated that the server computing device 106 can generate maps that
comprise a plurality of different power outage and/or power quality events on the same geographic
area. For example, in some embodiments a user can select multiple different events (e.g., in a
checkbox menu) and the server computing device 106 can display each type of event using a different
indicator, such as a different shape, color, etc.

[0178] The above-described techniques can be implemented in digital and/or analog
electronic circuitry, or in computer hardware, firmware, software, or in combinations of them. The
implementation can be as a computer program product, i.e., a computer program tangibly embodied
in a machine-readable storage device, for execution by, or to control the operation of, a data
processing apparatus, e.g., a programmable processor, a computer, and/or multiple computers. A
computer program can be written in any form of computer or programming language, including
source code, compiled code, interpreted code and/or machine code, and the computer program can
be deployed in any form, including as a stand-alone program or as a subroutine, element, or other
unit suitable for use in a computing environment. A computer program can be deployed to be
executed on one computer or on multiple computers at one or more sites.

[0179] Method steps can be performed by one or more processors executing a computer
program to perform functions of the technology by operating on input data and/or generating output
data. Method steps can also be performed by, and an apparatus can be implemented as, special
purpose logic circuitry, e.g., a FPGA (field programmable gate array), a FPAA (field-programmable
analog array), a CPLD (complex programmable logic device), a PSoC (Programmable System-on-

Chip), ASIP (application-specific instruction-set processor), or an ASIC (application-specific
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integrated circuit), or the like. Subroutines can refer to portions of the stored computer program
and/or the processor, and/or the special circuitry that implement one or more functions.

[0180] Processors suitable for the execution of a computer program include, by way of
example, both general and special purpose microprocessors, and any one or more processors of any
kind of digital or analog computer. Generally, a processor receives instructions and data from a read-
only memory or a random access memory or both. The essential elements of a computer are a
processor for executing instructions and one or more memory devices for storing instructions and/or
data. Memory devices, such as a cache, can be used to temporarily store data. Memory devices can
also be used for long-term data storage. Generally, a computer also includes, or is operatively coupled
to receive data from or transfer data to, or both, one or more mass storage devices for storing data,
e.g., magnetic, magneto-optical disks, or optical disks. A computer can also be operatively coupled
to a communications network in order to receive instructions and/or data from the network and/or to
transfer instructions and/or data to the network. Computer-readable storage mediums suitable for
embodying computer program instructions and data include all forms of volatile and non-volatile
memory, including by way of example semiconductor memory devices, e.g., DRAM, SRAM,
EPROM, EEPROM, and flash memory devices; magnetic disks, e.g., internal hard disks or removable
disks; magneto-optical disks; and optical disks, e.g., CD, DVD, HD-DVD, and Blu-ray disks. The
processor and the memory can be supplemented by and/or incorporated in special purpose logic
circuitry.

[0181] To provide for interaction with a user, the above described techniques can be
implemented on a computer in communication with a display device, e.g., a CRT (cathode ray tube),
plasma, or LCD (liquid crystal display) monitor, for displaying information to the user and a keyboard
and a pointing device, e.g., a mouse, a trackball, a touchpad, or a motion sensor, by which the user
can provide input to the computer (e.g., interact with a user interface element). Other kinds of devices

can be used to provide for interaction with a user as well; for example, feedback provided to the user
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can be any form of sensory feedback, e.g., visual feedback, auditory feedback, or tactile feedback;
and input from the user can be received in any form, including acoustic, speech, and/or tactile input.
[0182] The above described techniques can be implemented in a distributed computing
system that includes a back-end component. The back-end component can, for example, be a data
server, a middleware component, and/or an application server. The above described techniques can
be implemented in a distributed computing system that includes a front-end component. The front-
end component can, for example, be a client computer having a graphical user interface, a Web
browser through which a user can interact with an example implementation, and/or other graphical
user interfaces for a transmitting device. The above described techniques can be implemented in a
distributed computing system that includes any combination of such back-end, middleware, or front-
end components.

[0183] The components of the computing system can be interconnected by transmission
medium, which can include any form or medium of digital or analog data communication (e.g., a
communication network). Transmission medium can include one or more packet-based networks
and/or one or more circuit-based networks in any configuration. Packet-based networks can include,
for example, the Internet, a carrier internet protocol (IP) network (e.g., local area network (LAN),
wide area network (WAN), campus area network (CAN), metropolitan area network (MAN), home
area network (HAN)), a private IP network, an IP private branch exchange (IPBX), a wireless network
(e.g., radio access network (RAN), Bluetooth, Wi-Fi, WiMAX, general packet radio service (GPRS)
network, HiperLAN), and/or other packet-based networks. Circuit-based networks can include, for
example, the public switched telephone network (PSTN), a legacy private branch exchange (PBX), a
wireless network (e.g., RAN, code-division multiple access (CDMA) network, time division multiple
access (TDMA) network, global system for mobile communications (GSM) network), and/or other
circuit-based networks.

[0184] Information transfer over transmission medium can be based on one or more

communication protocols. Communication protocols can include, for example, Ethernet protocol,
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Internet Protocol (IP), Voice over IP (VOIP), a Peer-to-Peer (P2P) protocol, Hypertext Transfer
Protocol (HTTP), Session Initiation Protocol (SIP), H.323, Media Gateway Control Protocol
(MGCP), Signaling System #7 (SS7), a Global System for Mobile Communications (GSM) protocol,
a Push-to-Talk (PTT) protocol, a PTT over Cellular (POC) protocol, and/or other communication
protocols.

[0185] Devices of the computing system can include, for example, a computer, a computer
with a browser device, a telephone, an IP phone, a mobile device (e.g., cellular phone, smartphone,
personal digital assistant (PDA) device, laptop computer, electronic mail device), and/or other
communication devices. The browser device includes, for example, a computer (e.g., desktop
computer, laptop computer) with a World Wide Web browser (e.g., Microsoft® Internet Explorer®
available from Microsoft Corporation, Mozilla® Firefox available from Mozilla Corporation).
Mobile computing devices include, for example, iOS™-based devices such as the iPhone™ and
iPad™ available from Apple, Inc., and Android™-based devices such as the Galaxy™ available from
Samsung Corp., the Pixel™ available from Google, Inc., and the Kindle Fire™ available from
Amazon, Inc.

[0186] Comprise, include, and/or plural forms of each are open ended and include the listed
parts and can include additional parts that are not listed. And/or is open ended and includes one or
more of the listed parts and combinations of the listed parts.

[0187] One skilled in the art will realize the invention may be embodied in other specific
forms without departing from the spirit or essential characteristics thereof. The foregoing
embodiments are therefore to be considered in all respects illustrative rather than limiting of the

invention described herein.
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CLAIMS

1. A system for detection and notification of electrical power quality, the system comprising:
one or more sensor devices each coupled to a circuit, each sensor device configured to
detect an input signal generated by electrical activity on the circuit;
generate an output signal based upon the detected input signal; and
transmit power quality data to a server computing device, the power quality data based
upon the output signal;
the server computing device configured to
receive the power quality data from the one or more sensor devices;
analyze the power quality data in conjunction with historical power quality data
received from the one or more sensor devices to detect one or more power
quality events; and
transmit a power quality notification to one or more remote computing devices based

upon the detected power quality events.

2. The system of claim 1, wherein the detected one or more power quality events comprise one or
more of: surge events, surge jump events, sag events, sag jump events, brownout events, swell jump
events, high frequency (HF) filter jump events, frequency jump events, recurring power quality

problems, phase angle jump events, loose neutral events, or generator activation events.

3. The system of claim 2, wherein the server computing device is further configured to correlate (i)
the detected one or more power quality events with zero or more external events and/or (ii) a detected
power quality event from a first sensor device with a detected power quality event from one or more

other sensor devices.
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4. The system of claim 3, wherein the server computing device detects a loose neutral event by:

analyzing, for a single sensor device, a number and amplitude of surge events, surge jump
events, and sag events recorded by the single sensor device within a predetermined
time period which do not correlate with matching power quality events from any other
sensor devices in proximity to the single sensor device; and

generating a loose neutral event when an average number of the surge events is greater than a
first defined number per day, or an average number of the surge jump events having a
magnitude greater than a defined percentage of a nominal voltage is greater than a
second defined number per day, or an average number of the sag events is greater than

a third defined number per day.

5. The system of claim 3, wherein the output signal comprises one or more of: root mean square
(RMS) voltage, frequency of the voltage sine wave, relative phase angle of the voltage sine wave,
amplitude of the voltage sine wave harmonics, or any number of measures of high frequency

noise amplitude.

6. The system of claim 5, wherein the server computing device detects a surge event by:
analyzing a plurality of sequential data points of RMS voltage from one or more sensor
devices; and
generating a surge event when the RMS voltage is greater than a predefined threshold

percentage of a nominal voltage for a number of consecutive data points.

7. The system of claim 6, wherein the predefined threshold percentage varies based upon the number

of consecutive data points in which the RMS voltage is greater than a minimum threshold percentage.

8. The system of claim 3, wherein the server computing device detects a brownout event by:
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analyzing a plurality of sequential data points of RMS voltage from one or more sensor
devices; and
generating a brownout event when the RMS voltage is less than a predefined threshold

percentage of a nominal voltage for a number of consecutive data points.

9. The system of claim 8, wherein the predefined threshold percentage varies based upon the number

of consecutive data points in which the RMS voltage is less than a minimum threshold percentage.

10. The system of claim 3, wherein the server computing device detects a sag jump event by:
analyzing a plurality of sequential data points of RMS voltage from one or more sensor
devices; and
generating a sag jump event for each of one or more drops of RMS voltage that occurred in
the plurality of sequential data points and that are larger than a predefined threshold

percentage of a nominal voltage.

11. The system of claim 3, wherein the server computing device detects a swell jump event by:
analyzing a plurality of sequential data points of RMS voltage from one or more sensor
devices; and
generating a swell jump event for each of one or more increases of RMS voltage that occurred
in the plurality of sequential data points and that are larger than a predefined threshold

percentage of a nominal voltage.

12. The system of claim 3, wherein the server computing device detects a HF Filter jump event by:
analyzing a plurality of sequential data points of HF amplitude data from one or more sensor
devices;

calculating a mean of the HF amplitude data; and
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when the mean is greater than one, generating an HF Filter jump event when the HF amplitude
data increases by more than a threshold multiple of the mean, or
when the mean is less than one, generating an HF Filter jump event when the HF amplitude

data increases above a predefined threshold.

13. The system of claim 3, wherein the server computing device detects a frequency jump event by:

analyzing a plurality of sequential data points of frequency data from one or more sensor
devices;

calculating an average of the frequency data;

calculating a standard deviation of the frequency data; and

generating a frequency jump event when the frequency increases by more than a predefined
threshold from the average, or

generating a frequency jump event when (i) the standard deviation changes from less than a
first frequency to greater than a second frequency or (ii) the standard deviation

changes from greater than the second frequency to less than the first frequency.

14. The system of claim 3, wherein the server computing device detects a generator activation event
by:
analyzing, for a single sensor device, whether any power outage events and frequency events
were detected by the single sensor device during a predetermined time period; and
generating a generator activation event when the single sensor device detected a power outage
event followed by a frequency standard deviation change to greater than a predefined
threshold within a predefined period of time of the power outage event and the
frequency standard deviation change was not associated with a correlated external

event.
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15. The system of claim 3, wherein the one or more external events comprise lightning activity

events, electrical grid monitoring events, and energy pricing events.

16. The system of claim 3, wherein the detected power quality event from the first sensor device and

the detected power quality event from one or more other sensor devices are of a same event type.

17. A computerized method of detection and notification of electrical power quality, the system
comprising:
detecting, by a sensor device coupled to a circuit, an input signal generated by electrical
activity on the circuit;
generating, by the sensor device, an output signal based upon the detected input signal;
transmitting, by the sensor device, power quality data to a server computing device, the power
quality data based upon the output signal;
receiving, by the server computing device, the power quality data from the sensor device;
analyzing, by the server computing device, the power quality data in conjunction with
historical power quality data received from the sensor device to detect one or more
power quality events; and
transmitting, by the server computing device, a power quality notification to one or more

remote computing devices based upon the detected power quality events.

18. The method of claim 17, wherein the detected one or more power quality events comprise one or
more of: surge events, surge jump events, sag events, sag jump events, brownout events, swell jump
events, high frequency (HF) filter jump events, frequency jump events, recurring power quality

problems, phase angle jump events, loose neutral events, or generator activation events.
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19. The method of claim 18, wherein the server computing device further correlates (i) the detected
one or more power quality events with zero or more external events and/or (ii) a detected power
quality event from a first sensor device with a detected power quality event from one or more other

sensor devices.

20. The method of claim 19, wherein the server computing device detects a loose neutral event by:

analyzing, for a single sensor device, a number and amplitude of surge events, surge jump
events, and sag events recorded by the single sensor device within a predetermined
time period which do not correlate with matching power quality events from any other
sensor devices in proximity to the single sensor device; and

generating a loose neutral event when an average number of the surge events is greater than a
first defined number per day, or an average number of the surge jump events having a
magnitude greater than a defined percentage of a nominal voltage is greater than a
second defined number per day, or an average number of the sag events is greater than

a third defined number per day.

21. The method of claim 19, wherein the output signal comprises one or more of: root mean square
(RMS) voltage, frequency of the voltage sine wave, relative phase angle of the voltage sine wave,
amplitude of the voltage sine wave harmonics, or any number of measures of high frequency

noise amplitude.

22. The method of claim 21, wherein the server computing device detects a surge event by:
analyzing a plurality of sequential data points of RMS voltage from one or more sensor
devices; and
generating a surge event when the RMS voltage is greater than a predefined threshold

percentage of a nominal voltage for a number of consecutive data points.
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23. The method of claim 22, wherein the predefined threshold percentage varies based upon the
number of consecutive data points in which the RMS voltage is greater than a minimum threshold

percentage.

24. The method of claim 21, wherein the server computing device detects a brownout event by:
analyzing a plurality of sequential data points of RMS voltage from one or more sensor
devices; and
generating a brownout event when the RMS voltage is less than a predefined threshold

percentage of a nominal voltage for a number of consecutive data points.

25. The method of claim 24, wherein the predefined threshold percentage varies based upon the
number of consecutive data points in which the RMS voltage is less than a minimum threshold

percentage.

26. The method of claim 21, wherein the server computing device detects a sag jump event by:
analyzing a plurality of sequential data points of RMS voltage from one or more sensor
devices; and
generating a sag jump event for each of one or more drops of RMS voltage that occurred in
the plurality of sequential data points and that are larger than a predefined threshold

percentage of a nominal voltage.

27. The method of claim 21, wherein the server computing device detects a swell jump event by:

analyzing a plurality of sequential data points of RMS voltage from one or more sensor

devices; and
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generating a swell jump event for each of one or more increases of RMS voltage that occurred
in the plurality of sequential data points and that are larger than a predefined threshold

percentage of a nominal voltage.

28. The method of claim 21, wherein the server computing device detects a HF Filter jump event by:
analyzing a plurality of sequential data points of HF amplitude data from one or more sensor
devices;
calculating a mean of the HF amplitude data; and
when the mean is greater than one, generating an HF Filter jump event when the HF amplitude
data increases by more than a threshold multiple of the mean, or
when the mean is less than one, generating an HF Filter jump event when the HF amplitude

data increases above a predefined threshold.

29. The method of claim 21, wherein the server computing device detects a frequency jump event
by:
analyzing a plurality of sequential data points of frequency data from one or more sensor
devices;
calculating an average of the frequency data;
calculating a standard deviation of the frequency data; and
generating a frequency jump event when the frequency increases by more than a predefined
threshold from the average, or
generating a frequency jump event when (i) the standard deviation changes from less than a
first frequency to greater than a second frequency or (ii) the standard deviation

changes from greater than the second frequency to less than the first frequency.
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30. The method of claim 21, wherein the server computing device detects a generator activation
event by:
analyzing, for a single sensor device, whether any power outage events and frequency events
were detected by the single sensor device during a predetermined time period; and
generating a generator activation event when the single sensor device detected a power outage
event followed by a frequency standard deviation change to greater than a predefined
threshold within a predefined period of time of the power outage event and the
frequency standard deviation change was not associated with a correlated external

event.

31. The method of claim 21, wherein the one or more external events comprise lightning activity

events, electrical grid monitoring events, and energy pricing events.

32. The method of claim 21, wherein the detected power quality event from the first sensor device

and the detected power quality event from one or more other sensor devices are of a same event type.
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FIG. 17C

EXAMPLE OF LOQSE NEUTRAL BEFORE & AFTER RESOLUTION



PCT/US2021/022176

WO 2021/183933

8T "OIA

22/35

SUCHBORIION SUOH

— 9081

— O8I

— V081

<

% F % 523 .\v&
i i i

9¢0¢ N O  081c029¢0¢

SUBSTITUTE SHEET (RULE 26)



20 Mar 2026

2026202180

WO 2021/183933

23/35

\

SUBSTITUTE SHEET (RULE 26)

PCT/US2021/022176

FIG. 19

N

History

2E
HYAL

@
Quatity

8

tHotitications



PCT/US2021/022176

WO 2021/183933

24/35

ALOTEHH

B -6
“pBL L R0-4

2100 aMed B DEIOEBE 68 i

3432 LaIQEssl daal SuY BMQd

TS danod e ayoaie

. % sy Do g I = o 7 oy Foy s
~(3% 1% a0uns sexmod v peioelep swy Buyy

T INGRARAGAY a2 DYRELE0 2L

q40C OIA

Aupenty SUGHEILNON i

S S
Aepsany '0Z0Z/81/20 @ ’
o 9being fomod @f?k

1B DRMISES U S8 18804 ey,
: A\@é
Aepsany ‘DZ0Z/R1/Z0 4 U

@ UDIIBI0ISDY JOMDd

: ; 7
Aepseny ‘020Z/81/20 m@

g
@ UOIZIOISHY 18MOd

D osuy DUty gy
Repsany, '0Z0Z/81/Z0 w&%
abing 1amog

Aepsany "DZOZ/RLIH
abuns i1amog

§ gy
Aepssny ‘0207/81/20
INDUMOIG IO

1

9¢0¢ eI\ 0

Y

\§\ ‘ \\\N\\\,\\\

& NOWASHE JOMCd %

BOVIESE

081202920¢

V0CZ "OIA

SUBSTITUTE SHEET (RULE 26)



PCT/US2021/022176

WO 2021/183933

25/35

aoc DA

‘splezey
Bl 91880 DSBS 1SIOM T Ul pue '5801nep
pue sasuedde incA o) abewep asned
Agenusiod ued (sBe10A MO)) SINCUMOIY
1amod "AZEL 03 AR(L 51 abues abejjon
JEULION “SHOA g0/ 01 paddoip sbeyoa

a4l 153 WY Or:0l 1e Beg-abung Zbuif 60
-G 3B Jnoumolq jamod g pelosisp sey Buly

INOUMOIY JBMOd

J0C "OIA

'SPIBZEY 841§ 81810 BSED 1SI0M
ayl vy pue ‘seoiasp pue saoueldde JnoA

0} abewep asnes Agenusiod ued {abeyon
ybit) s8buns 1mMod "AZEL 01 ASDL S1 abuey
oBeHOA [RULION SHOA G801 01 padids abeyjoa
9YL "LS3 WV §E:0L ye Beg-sbung 1buy
3G~ 18 36ins ssmod e peyosiap sey Buil

abing 1sMmod

9¢0¢ N O  081c029¢0¢

SUBSTITUTE SHEET (RULE 26)



PCT/US2021/022176

WO 2021/183933

26/35

9¢0¢ eI\ 0

dH0C "OIA

SIDaS INOA 10BIU0D 0] S1B[WIS] PaISonhng
B BUIpn|oul ‘UsiRULIOU [BUCIIpPE 40} Agenb
-1amod /o alyburmmm//isdiiy Lsia 9seald

SOUGIIOSIB dAILSUSS puk saoueldde Inok 0}
abeiep 9SNED ULD 953Y] $E HONS swisjqoid
Ajenb semod Buiunoay ‘sioos Ayjenb tomod
104 saluoy Bui) JO %7 1S8MO0| 84} Ul 20K
saoeld siy] ‘sAep 06 1sed 2Ul Ul SINOUMOIY
Jofpue sabuns 'sebeno Jsmod siow

10 71 Yyum ‘stiol 1e swajgosd Ayjenb jemod
Bunnoal 10919 0] panuueo sey Bury

SWia|goid
Aujend) ilemod Buiunoasy

08T202920¢

SUBSTITUTE SHEET (RULE 26)



PCT/US2021/022176

WO 2021/183933

27/35

VIT ' OIA

KBUMBLNOWE

CAEIRYf

G
SR

“F3ECS

~ wstn ey

dey yeay Buiy i
Bulaly puo 1
sadA] 18U10 1
dwnp Asuanbal4 I

7 ynm dwinp 12 4H

5 dwnp [lomg
dwnp Geg

sihoumoig;
abeing 1awiLu| i

abeinQ J1omodLs

uosisodgpoped s

dwnr samid JH{;

sabung¢}

L SBIYLE GBLND s

W

g

it

7y

g

\\.\.. p >R,
e 2 ’.

9¢0¢ eI\ 0

d VI ANDAG JRVING ¥3M0d J0 FTdWvE

081202920¢

SUBSTITUTE SHEET (RULE 26)



PCT/US2021/022176

WO 2021/183933

28/35

q1C OIA

iR uDp]

ATEmRLD

jusAzg pu

as|ed paje|ay Buiuybn

as|eq wiols Buiuybi
Ol1¢C

Bulurem Alisnag
8% 10 1IN0 p6 siawolisny Buly

00 Uelpe
0 WnwiIxep
0 WnwWiuN 7

00 obeisny

01N 000696°62-.¥-50 S§1/20/120C

SUBSTITUTE SHEET (RULE 26)

MEIA VLA - Y INGAS FOVLNO HEMOd 40 FTdHYXT
9¢0¢ N O  081c029¢0¢




PCT/US2021/022176

WO 2021/183933

29/35

VIl OIA

.‘.vk “pung
g . nEAEN 7Y

sadA] 19y10 ¢

dwnp Aouanbaig -

dwnr Geg

SINOUMO.E gy
i afeinQ 1ouIBu| )

ot

abeinQ Jamod [}

sabing Y

. NGNS

-,

3ABRT

L gy

" sigedieainies

‘=o.:_mo%__ootmu )

9¢0¢ eI\ 0

AVIH INIAT LNONMOME OGNV J58NE GIHE A0 FTdlvX3

081202920¢

SUBSTITUTE SHEET (RULE 26)



PCT/US2021/022176

WO 2021/183933

30/35

q4¢C O

..................................

i%
BRI

«BHUHBLIION

aA3 puo ul sbuil g1 03 dnjoid

as|ed paje|jay BuluybI

as|eq wiols Buiuybi
O ﬁ NN yoyem AlIaneS
666 JO 10 0g¢ Sstewoisng Bull

i »w\‘c&w.,a@u Ci
*a nu.natw:.lv &

N S¥EVOL uelpsiy

N 867201 WNWIXep

AWACH Y] wnwiuip

, A BLZ Y0l obelsony
oNn~~ Arewwng dwnpe abe)o

WONN S r JOA

O1N 0008€6°¢¢:20-1¢ S1/20/L20C

9¢0¢ eI\ 0

MIA VI

081202920¢

VI INIAT INCONMONE QNY F005 GIHE A0 FidWvXd

SUBSTITUTE SHEET (RULE 26)



PCT/US2021/022176

WO 2021/183933

31/35

€C D

G|

%

90€T -

ATHABCLIA

| Bippesig

WAL I

as|ed paje|jay BuluybI

as|eq wioig Buiuybi

ojul Ajllensg

602¢ JO IN0 £61.Z Siswoisng buil

01¢C

uelpsiy
LWNWIXep
NvL6c WnwiuiN
N\ 6V O- mmm._®><
Arewwng dwnp abejopn

o1Nn 000.v8°¢€e:20-1¢ S1/20/120C

NS
N LC6L

4 7,
Yt 2

9¢0¢ eI\ 0

081202920¢

MIIA HYLI0 ~ YW INSAD SHNE OYE QRIS H0 FTdNvXES

SUBSTITUTE SHEET (RULE 26)



PCT/US2021/022176

WO 2021/183933

32/35

PC "OIA

s XE2YE

LIy

el S

A3z puo ul sbuig o} 03 dn joid

as|ed paje|ay BuluybI
as|eq wiolg Buiuybi

"7 oyul Ayieneg

¥Z1 10 1no 96 siswoisno Buly

NOEE UEIpSI
AV6€E WNWIXEN
ANCOE Wwnwiuiy
A 9IE€ abelony
Krewwnsg dwnp abeyop

OL1N 00050¥°9%-€€-10 S1/20/120C

9¢0¢ eI\ 0

MTIA TTVIZA SV INIAT SN TIEME QRIS J0 FTJd0vXE

081202920¢

SUBSTITUTE SHEET (RULE 26)



PCT/US2021/022176

WO 2021/183933

33/35

X7 ynm dwing soyid 4HE

V&7 O

PRI ﬁw \,\‘ ,...!/.

"t g

e

Buiday puo i’
sadA] Jay10i;

o

£y

dwnp jjomg i3

o

.& dwnp Begi’
sabing i

bt

sjnoumosg

s

4 abeino Jowdu|

dey yeaH Bulp:;:

dwnp Asusnbaiqyy ;.

dwnp sad 4HG 7

abeINQ Jomod (3}

s G .
NOLONEREN

e

t

m w.sc«..v.
r.xu..@ﬁﬁw ; e

\\sam

i

uosyisodgponie 4

9¢0¢ eI\ 0

~Botpnisn

VW LNIAT ADNINOINAS QS 40 FTdRYXE

081202920¢

SUBSTITUTE SHEET (RULE 26)



PCT/US2021/022176
34/35

WO 2021/183933

q45C O

SRR

e
L R

dunis 1oasre 10 dew uo )2119 ajgnog

as|ed pajejey Buluybl]

as|ed wiols buiuyb]
™ ~ oyul Ajenss
fier / . ” 8672 J0 10 Zg1.Z slewojsna Buil

ZH 26'6S ueipsiy
ZH G6'6S wnuwixepy
ZH 16'6S wnuwiuiiy
ZH 226'6S abeleny
Arewwng dwnp Asuanbaiy

O1N 00022¢°v0-€5-61 20/€0/1L20C

M IVLE0 ~ VA INGAS ADNANDSe QD 40 TN
9¢0¢ N O  081c029¢0¢

SUBSTITUTE SHEET (RULE 26)



PCT/US2021/022176

WO 2021/183933

35/35

9C "OIA

r AEBMZINCH

] :

a.w..an,..?vw& ) :
o ST SPYeY

5 asntionp vey

X7 ynm dwin Jeid 4H{3 |
4 dwnraod dHEg

. dwnp jams 3 :
dwnr Begii” Casgprivmi

» sabung it

: sjnoumolgi’} ol - g u\_vkwx: E

abejnQ jauIu|
abenQ Jamod:-

¥

depy yeaHq Buig i
Buloly pusiy
sadAL Joyom ¥
dwnp Aouanbaig ..

REULEIUD

senidopriig

SHIVLS RLING

HOA BN

st %3

V%

it

» & 2
i S Y
£00, PIRARIAIA

9¢0¢ eI\ 0

AV LNIAZ JWNT M3 SH 0 Fidiiv X3

081202920¢

SUBSTITUTE SHEET (RULE 26)



	Bibliographic Page
	Abstract
	Description
	Claims
	Drawings



