Office de la Propriete Canadian CA 2827680 A1 2012/08/23

Intellectuelle Intellectual Property
du Canada Office (21) 2 827 680
g,lnngL%?rri‘fg:na " mfgtfy”%ya‘r’]‘; " 12 DEMANDE DE BREVET CANADIEN
CANADIAN PATENT APPLICATION
13) A1
(86) Date de depot PCT/PCT Filing Date: 2012/02/17 (51) CLInt./Int.Cl. GO8C 77/00(2006.01)

(87) Date publication PCT/PCT Publication Date: 2012/08/23 | (71) Demandeur/Applicant:
(85) Entree phase nationale/National Entry: 2013/08/16 OUTSMART POWER SYSTEMS, LLC, US

o ST . (72) Inventeurs/Inventors:
(86) N° demande PCT/PCT Application No.: US 2012/025696 JOHNSON. KEVIN M.. US:

(87) N° publication PCT/PCT Publication No.: 2012/112924 HUNTER, GREG. US:

(30) Priorité/Priority: 2011/02/17 (US61/444,057) HILTON, PAUL C.M., US
(74) Agent: GOWLING LAFLEUR HENDERSON LLP

(54) Titre : DISPOSITIF DE SURVEILLANCE D'ENERGIE
(54) Title: ENERGY MONITORING DEVICE

102 100

i i -

110
| Power e e 118
4 Supply | L4
I 108

P i K

104 Energy ‘ Controller Communica |
| Measureme -

_ | Ci - tion
nt Circuit reult Interface

|

[
A

LED

— FIG. 1

(57) Abréegée/Abstract:

A device and method are provided for monitoring voltage and current in a continuous conductor. A current sensor Is configured to
sense current In the continuous conductor. A voltage sense conductor Is provided and a guided path Is configured to bring the
voltage sense conductor into contact with the continuous conductor at a pre-determined orientation. A communication interface Is
configured to recelve information about a common reference voltage from a source, the source being external to the device. A
voltage measuring circuit is configured to estimate voltage between a voltage sensed by the voltage sense conductor and the
common reference voltage using the information about a common reference voltage.e
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(57) Abstract: A device and method are provided for monitoring voltage and current in a continuous conductor. A current sensor 1s
configured to sense current in the continuous conductor. A voltage sense conductor 1s provided and a guided path 1s configured to

& bring the voltage sense conductor mnto contact with the continuous conductor at a pre-determined orientation. A communication 1in -

S
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'mation about a common reference voltage from a source, the source being external to the device.
A voltage measuring circuit 1s configured to estimate voltage between a voltage sensed by the voltage sense conductor and the com -
mon reference voltage using the information about a common reference voltage.e
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ENERGY MONITORING DEVICE

CROSS-REFERENCE TO RELATED APPLICATIONS

This application claims the benefit of U.S. Provisional Application No.
5 61/444,057, filed on February 17, 2011, the disclosure of which 1s incorporated

herein.

FIELD OF INVENTION

The present invention relates to an energy monitoring device and, in
10  particular, an energy monitoring device that may be installed on a current carrying

wire to measure current and voltage at the point of installation.

BACKGROUND

With the increasing emphasis on reducing energy costs and increasing

15 efficiency, the ability to accurately monitor energy and power usage within a
house or building 1s becoming ever more important. Knowing which devices are
consuming the most energy i1n a particular circuit, as well as the times and
conditions under which the consumption occurs may provide mportant
information about how and where energy i1s being used and what types of

20 1mprovements can be made. Monitoring energy and power usage and costs may
provide building owners and/or occupants as well as factory operators a better
understanding of how to adjust their usage to reduce both their costs and the load

on the power system.

25 SUMMARY

The present disclosure describes methods and apparatus for monitoring
energy 1n current carrying wires. Current and voltage, as well as their variation
with time, may be measured. The energy monitoring device may also calculate

power and energy and apply corrections to measurements. This information may
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be transmitted as a digital signal over a cable to a central common collection
device. Multiple energy monitoring devices may be coupled to the collection
device. Operating power and a common reference voltage may be provided to the
energy monitoring devices from the collection device over the cable.

5  Synchronization of measurements between multiple energy monitoring devices
may be achieved based on a count of line voltage zero crossings.

The current carrying wire being sensed may pass through a clamping
mechanism that includes a current sensing Rogowski coil and a voltage tap. The
clamp may also comprise two blocks and two clamp screws. The blocks, which

10  may be brass, may have profiled tfaces. One block face may have a radius to match
the maximum diameter wire to be measured. The other block face may have a “V”
profile to center the wire as it 1s clamped. The voltage tap, which may be a voltage
sense screw, may have a conical point on 1t suitable for piercing insulation
surrounding the current carrying wire. After the wire 1s clamped the voltage sense

15 screw may be tightened so that it pierces the insulation of the wire and contacts
the inner current carrying member. The voltage sense screw and brass clamp
blocks may now be at the same potential (voltage) as the wire. The sensed current

and voltage may be conveyed to an energy measurement circuit.

20 BRIEF DESCRIPTION OF DRAWINGS

The above-mentioned and other features of this disclosure, and the manner
of attaining them, may become more apparent and better understood by reference
to the tollowing description of embodiments described herein taken 1n conjunction
with the accompanying drawings, wherein:

25 FIG. 1 1s a block diagram of an embodiment of the energy monitoring
device;

FIG. 2 1s a block diagram of an application of an embodiment of the
energy monitoring device;

FIG. 3 illustrates a tfront perspective view of an embodiment of the energy

30 monitoring device;
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FIG. 4 1llustrates a back perspective view of an embodiment of the energy
monitoring device with the back cover removed;

FIG. 5 1illustrates a side cross-sectional view of an embodiment of the
energy monitoring device;

5 FIG. 6 1llustrates a front perspective view of an embodiment of an energy

monitoring device for monitoring two current carrying wires;

FIG. 7 illustrates a front perspective view of an embodiment of an energy
monitoring device for monitoring three current carrying wires;

FIG. § illustrates a flowchart of operations of one exemplary embodiment

10  consistent with the present disclosure; and
FIG. 9 illustrates a processor, machine readable media and 1nput/output

system that may be employed to provide energy monitoring.

15 DETAILED DESCRIPTION

It may be appreciated that the present disclosure 1s not limited 1n 1ts
application to the details of construction and the arrangement of components set
forth 1n the following description or illustrated in the drawings. The invention(s)
herein may be capable of other embodiments and of being practiced or being

20  carried out 1n various ways. Also, it may be appreciated that the phraseology and
terminology used herein i1s for the purpose of description and should not be
regarded as limiting as such may be understood by one of skill in the art.

Throughout the present description, like reference characters may indicate
like structure throughout the several views, and such structure need not be

25  separately discussed. PFurthermore, any particular feature(s) of a particular
exemplary embodiment may be equally applied to any other exemplary
embodiment(s) of this specification as suitable. In other words, features between
the various exemplary embodiments described herein are interchangeable, and not
exclusive.

30 The present application relates to an energy monitoring device. The

energy monitoring device may be a self contained energy monitoring device.
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When 1nstalled on a current carrying wire, the energy monitoring device may
measure current and voltage, as well as their variation with time. The current
carrying wire may be a continuous conductor, the continuity of which 1s not
interrupted by the installation of the monitoring device. The energy monitoring

5 device may also calculate power and energy and apply corrections to
measurements. This information may be transmitted as a digital signal to a
common central collection device over a cable. Multiple energy monitoring
devices may be attached to one or more cables, such as, for example, ribbon
cables. In addition, power, for example DC power for operation of the energy

10 monitoring devices, and a signal conveying information about a common
reference voltage may be provided to the energy monitoring devices from the
collection device on the cable. Other cables or wires may be used to transmit
power, information about a reference voltage and/or communication instead of, or
in addition to, the ribbon cable(s). The size of the power supply in the collection

15 device and the desired data transfer rate may determine the number of energy
monitoring devices that may be attached to one collection device.

In general, the energy monitoring device may be configured as follows. A
current carrying wire being sensed may be passed through a toroidal coil. The
toroidal coil may be a Rogowski coil. The Rogowski coil may produce a voltage

20  proportional to the rate of change of the current 1in the wire being sensed. The coil
output may be filtered, amplified, and integrated. In a preferred embodiment, the
amplification and integration may be pertormed by the energy measurement
circuit, which may be an integrated circuit (IC). The current carrying wire being
sensed may also pass through a clamping and voltage sense apparatus. The clamp

25 may comprise two blocks, two clamp screws and a voltage sense screw. The
blocks, which may be brass, may have profiled faces, one block face having a
radius to match the maximum diameter wire to be measured. The other block face
may have a “V” profile to center the wire as it 1s clamped. The voltage sense
screw may have a conical point on 1t suitable for piercing insulation associated

30 with the current carrying wire. After the wire 1s clamped the voltage sense screw

may be tightened so that it pierces the insulation of the wire and contacts the inner
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current carrying member. The voltage sense screw and brass clamp blocks may
now be at the same potential (voltage) as the wire. The sensed voltage and current
may be conveyed to the energy measurement circuit.
FIG. 1 1llustrates a block diagram of an embodiment of the energy
5 monitoring device. As illustrated, the device may include a toroidal coil 104 for
measuring current and a voltage tap 106 for measuring voltage. A current
carrying wire 102 may pass through the toroidal coil 104 and the voltage tap 106
may be at least partially inserted into the current carrying conductor. The voltage
tap, also referred to as a voltage sense conductor, may be an insulation
10  displacement conductor as will be explained 1n greater detail below. The current
carrying wire 102 may be a continuous conductor, the continuity of which 1s not
interrupted by the 1nstallation or use of the toroidal coil 104 or the voltage tap 106.
In some embodiments, the toroidal coil may be a Rogowski coil.
The Rogowski coil 104 and the voltage tap 106 may be electrically
15 coupled to an energy measurement circuit 108. The energy measurement circuit
108 may be provided 1n one or two way communication with a controller circuit
112 which may be a microcontroller or other suitable processor and may include
memory storage. 'The energy measurement circuit 108 may calculate energy
based on current sense provided by the Rogowski coil 104, voltage sense provided
20 by the voltage tap 106 and information about a common reference voltage
provided by the collection device. The controller circuit 112 may handle
communication of information, including energy information, back to the
collection device through the communication interface 116, which may be 1n two
way communication with the controller circuit 112. The communication interface
25 116 may transmit the energy information, in the form of digital data, over cable
118 which may serve as a common data bus, shared by multiple energy
monitoring devices and the collection device. The communication interface 116
may also receive power from the cable 118, which may be provided to a power
supply 110.
30 The communication interface 116 may also receive information about a

common reference voltage, such as, for example a neutral reference voltage,
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which may be provided to the energy measurement circuit 108. The common
reference voltage 1s common to the multiple energy monitoring devices and the
collection device. The information about the common reference voltage may be
an analog or digital signal that conveys information about the value, or an

5 attenuated version of the value, of the common reference voltage. The attenuated
version may be attenuated by a pre-determined scale factor. The signal
comprising 1nformation about the common reference voltage may be butfered
prior to distribution from the collection device to the monitoring devices.

The power supply 110 may be used to provide power of an appropriate

10  voltage to various components of the device including, for example, the energy
measurement circuit 108 and/or the controller circuit 112. In some embodiments,
the power supply 110 may receive power from the communication interface 116.
Furthermore, light emitting diodes (LED’s) 114 or other indicators may be
provided in communication with the controller circuit 112. The LEDs 114 may be

15  useful for identifying device locations during system installation and maintenance.
Electrical communication may be provided between the individual components
through wires, such as copper wires.

The energy measurement circuit 108 may measure and/or calculate
current, voltage, power, energy, and how they vary with time, as well as line

20  phase associated with the current carrying wire. Some, or all, of these tasks may
be accomplished 1in conjunction with controller circuit 112. In general, power
may be determined as the product of voltage and current while energy may be
determined as an integration of power over a time period of interest. Measured
quantities, including current and voltage, may be sampled at particular times and

25  at particular sampling rates which may be fixed and pre-determined or which may
be programmable such as, for example, by the central collection device.

The controller circuit 112 may also store any of the measured and/or
calculated data associated with the current carrying wire and subsequently
transmit the stored data to a collection device. 'The transmission may be

30 performed at regular or programmed intervals, or i1t may be performed 1n response

to a request from the collection device or 1t may be performed at intervals
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determined by the data itself. For example, based on data obtained from one
energy monitoring device, indicating an event of interest, the collection device
may request additional previously obtained data from other energy monitoring
devices that may be associated with that event of interest and provide more

5 information about the event. As another example, the data may be transmitted
when a measured or calculated value exceeds a given threshold.

The controller circuit 112 may also provide for synchronization of
measurements between multiple energy monitoring devices by identifying zero
crossings of the measured voltage and incrementing a counter in response to the

10  zero crossing. The value of this counter may be latched or recorded in response to
a synchronization request that 1s broadcast from the collection device to the
energy monitoring devices. The recorded values may then be reported back to, or
otherwise retrieved, from each of the monitoring devices to the collection device.
In this manner, the collection device can correct for offset differences between the

15  counters at each energy monitoring device. Synchronized timing may therefore be
based on the counter values.

FIG. 2 1llustrates a block diagram of an application of an embodiment of
the energy monitoring device. Shown 1s an array of circuit breakers 202 as may
typically be arranged in a distribution panel. Current carrying wires 102, coupled

20  to the out-feeds of the circuit breakers, pass through various embodiments of the
energy monitor device including a one port energy monitor 100, a two port energy
monitor 204 and a three port energy monitor 206. In some embodiments, the one
port device may be used to monitor a single phase circuit, the two port device may
be used to monitor a two phase circuit and the three port device may be used to

25  monitor a three phase circuit. Other configurations are also possible, such as, for
example, the use of three separate one port devices to monitor a three phase
circuit.

In a preferred embodiment, the size of the energy monitoring devices may
be selected such that they align with the circuit breakers according to a standard

30 spacing 1n a distribution panel. This may facilitate installation of the devices and

reduce the space required.
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Also shown, 1s cable 118, which may be provided to couple the energy
monitoring devices 100, 204, 206 to a central collection device 208. The cable 118
may serve as a common data bus, shared by multiple energy monitoring devices.
The cable 118, which may be a ribbon cable, can be used to transmit power,

5 signals conveying information about a common reference voltage and digital
information pertaining to measured and/or calculated data. The use of a common
bus configuration may decrease the number of individual wires that would
otherwise be run from a central location to each sensor using up limited available
space.

10 The collection device 208 may identify and enumerate the energy
monitoring devices to which it 1s coupled over cable 118.

As described above, an energy monitoring device can have one or more
ports, or through holes, to handle one or more wires (one wire per port) as
illustrated in FIGS. 3 through 7.

15 FIG. 3 1llustrates a front perspective view of an embodiment of the energy
monitoring device. The device housing 306 is shown comprising a single port 303
through which a current carrying wire 102 is secured. Also shown are LED 114,
ribbon cable connector 304 and ribbon cable latch 302.

FIG. 4 1llustrates a back perspective view of an embodiment of the energy

20  monitoring device with the back cover removed. Shown are current carrying wire
102 secured by upper clamp block 404 and lower clamp block 406. Clamp screws
402 may be employed to tighten and secure the clamp blocks around the wire.
Also shown is voltage tap 106, which may be referred to as a voltage sense
conductor. Voltage tap 106, in this embodiment, 1s a threaded screw that 1s

25  received by and guided through upper clamp block 404, 1in a direction normal to
the current carrying wire, to pierce the insulation of and make electrical contact
with the current carrying wire 102. Voltage tap 106 may thus be considered an
insulation displacement conductor.

FIG. 5 1illustrates a side cross-sectional view of an embodiment of the

30 energy monitoring device. Voltage tap 106 1s shown here more clearly as a

threaded screw with a conical tip piercing the insulation of and making contact
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with current carrying wire 102. Also shown 1s the toroidal coil 104 encircling the
current carrying wire 102.

FIG. 6 1llustrates a front perspective view of an embodiment of an energy

monitoring device for monitoring two current carrying wires. Shown are two ports
5 602 and 604, each of which operates in the manner described above with respect
to a single port.

FIG. 7 illustrates a front perspective view of an embodiment of an energy
monitoring device for monitoring three current carrying wires. Shown are three
ports 702, 704 and 706, each of which operates 1in the manner described above

10  with respect to a single port.

One, two and three port energy monitoring devices are illustrated; however
energy monitoring devices with more openings may be created. In a preferred
embodiment, the one, two, and three port energy monitoring devices may have
opening diameters of ¥2” and 17, however, other sizes may be contemplated. The

15 port spacing may match up with common circuit breaker spacing. The port
diameter size in the energy monitoring device may also determine the maximum
size wire that can be accommodated by that energy monitoring device.

It may be appreciated that the integral clamp and voltage tap may limit
travel and, therefore, exposure of the voltage tap screw across a range of wire

20  diameters. The clamp may be top referencing. This may be beneficial 1n some
situations by maintaining the position of the energy monitoring device relative to a
circuit breaker. The clamp may also lock the energy monitoring device to the wire
being monitored. The clamp may also be placed externally to the energy
monitoring device and bushings may be used to accommodate a wider range of

25  wire gages for a given port size.

It may also be appreciated that when using Rogowski coils to measure
current, the coils may be relatively inherently sate devices 1n contrast to
transformers, which may be relatively dangerous 1if not properly handled, placed
in an open circuit condition or exposed to excessive currents.

30 It may further be appreciated that the energy monitoring device may

enable digital communication on a common bus, eliminating or reducing the need
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to run additional wires from the sensors to a central point through the limited
space that 1s typically available. Furthermore a ribbon cable retention feature may
be provided, locking the ribbon cable to the energy monitoring device. Housing
protrusions may also be provided, which may exhibit, for example, two functions.
5 One function may include keeping the energy monitoring device spaced back
from the breaker to allow gasses to escape from the breaker in case of a breaker
trip. The second function may include keeping line voltage elements of the energy
monitoring device properly spaced from grounded metal.
It may be appreciated that with the *V” and “Arc” geometry of the clamp,
10  the upper stationary half of the clamp has a radius clamping face that matches the
radius of the through hole in the energy monitoring device. The lower clamp half
has a “V” shape to center the wire being clamped. Centering allows the voltage
tap screw to pierce the insulation normal to the wire.
Providing single or multiple ports may provide flexibility in deploying the
15  sensors. Circuits within a facility can be single, two or three phase. It may be
desirable to have all the wires/phases of a piece of equipment accommodated by a
single energy monitoring device. In some embodiments, the measurements 1n a
multiport energy monitoring device may be independent of each other.
Further, the voltage tap screw may be used to determine if the insulation
20  has been properly pierced prior to powering up the system. A test probe may be
inserted 1nto the access hole of the voltage tap screw and continuity between the
tap screw and the wire can be measured.
It may also be appreciated that at least one LED on each energy
monitoring device, 1f present, may be used for set-up configuration and
25 1nstallation. System software, for example on the collection device, may energize
the LED on an individual energy monitoring device. This may enable the installer
to determine where the energy monitoring device 1s located in the facility. The
installer may then associate the energy monitoring device to a specific circuit in
the facility.
30 Further, each energy monitoring device may include a bar-coded serial

number associated with it. This may allow tracking of the energy monitoring

10
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device and its associated calibration information. A duplicate barcode may also be
provided on the energy monitoring device such that the duplicate may be removed
and used during set-up to assign an energy monitoring device to a particular
circuit.

5 Referring now to FIG. 8, there 1s supplied a flowchart 800 of one of the
preterred methods consistent with an exemplary embodiment of an energy
monitoring device according to the present disclosure. The method 1s provided
for monitoring the voltage on and current 1n a continuous conductor. At operation
310, current 1s sensed in the continuous conductor. At operation 820, a voltage

10  sense conductor 1s guided into contact with the continuous conductor at a pre-
determined orientation. At operation 330, information i1s received about a
common reference voltage. The information is recerved from an external source.
At operation 340, a voltage 1s estimated between a voltage sensed by the voltage
sense conductor and the common reference voltage, using the received

15 nformation about a common reference voltage.

In view of the foregoing, it may be appreciated that the present disclosure
also relates to an article comprising a non-transitory storage medium having
stored thereon instructions that when executed by a machine result in the
operation of sensing current 1in a continuous conductor; sensing voltage on a

20  continuous conductor; receiving information about a common reference voltage
from an external source; estimating voltage between the sensed voltage and the
common reference voltage using the information about a common reference
voltage; calculating energy values based on the estimated voltage and the sensed
current; storing the calculated energy values; and transmitting the stored

25  calculated energy values to a collection device.

It should also be appreciated that the functionality described herein for the
embodiments of the present invention may therefore be implemented by using
hardware, software, or a combination of hardware and software, as desired. If
implemented by software, a processor and a machine readable medium are

30 required. The processor may be any type of processor capable of providing the

speed and functionality required by the embodiments of the invention. Machine-

11
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readable memory 1ncludes any non-transitory media capable of storing
instructions adapted to be executed by a processor. Non-transitory media include
all computer-readable media with the exception of a transitory, propagating signal.
Some examples of such memory include, but are not limited to, read-only memory
5 (ROM), random-access memory (RAM), programmable ROM (PROM),
erasable programmable ROM (EPROM), electronically erasable programmable
ROM (EEPROM), dynamic RAM (DRAM), magnetic disk (e.g., floppy disk
and hard drive), optical disk (e.g. CD-ROM), and any other device that can store
digital information. The instructions may be stored on a medium. In some

10 embodiments, the instructions may be stored in either a compressed and/or
encrypted format. Accordingly, in the broad context of the present invention, and
with attention to FIG. 9, the system and method for the herein disclosed energy
monitoring device may be accomplished with a processor (902) and machine
readable media (906) and an input/output system (904).

15 The tforegoing description of several methods and embodiments has been
presented for purposes of illustration. It 1s not intended to be exhaustive or to
limit the claims to the precise steps and/or forms disclosed, and obviously many
modifications and variations are possible in light of the above teaching. It 1s

intended that the scope of the invention be defined by the claims appended hereto.

12
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CLAIMS

What 1s claimed:

1. A device for monitoring the voltage on and current 1n a continuous conductor,

said device comprising:

a current sensor configured to sense current 1n said continuous conductor;

a voltage sense conductor;

a guided path configured to bring said voltage sense conductor into contact with
said continuous conductor at a pre-determined orientation;

a communication interface configured to receive information about a common
reference voltage from a source, wherein said source 1s external to said device; and

a voltage measuring circuit configured to estimate voltage between a voltage
sensed by said voltage sense conductor and said common reference voltage using said

information about a common reference voltage.

2. The device of claim 1, wherein said voltage sense conductor 1s an insulation

displacement conductor.

3. The device of claim 1, wherein said received information about a common

reference voltage 1s the common reference voltage.

4. The device of claim 1, wherein said current sensor 1s a Rogowski coil.

. The device of claim 1, further comprising an energy measurement circuit
configured to calculate energy values based on samples of said estimated voltage and samples of
said sensed current.

0. The device of claim 5, further comprising a controller circuit configured to

determine sampling times for said energy measurement circuit and to store said calculated

energy values.

13
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7. The device of claim 6, wherein saild communication 1interface 1s further

configured to transmit said stored calculated energy values to a collection device.

3. The device of claim 7, wherein said communication interface 1s further configured
to transmit said stored calculated energy values 1n response to a request from said collection

device.

9. The device of claim 6, wherein said controller circuit 1s further configured to
identify zero crossing times of said estimated voltage, wherein said zero crossing times provide

synchronization between a plurality of said monitoring devices.

10. The device of claim 1, further comprising a housing configured to clamp onto said
continuous conductor, wherein said continuous conductor 1s coupled to a circuit breaker and said
housing 1s sized such that a plurality of said monitoring devices align with a plurality of said

circuit breakers.

11. The device of claim 10, wherein said housing further comprises a V-shaped lower
clamp half configured to center said continuous conductor and an arc-shaped upper clamp halt

configured to secure said continuous conductor.

12. The device of claim 6, wherein said controller circuit 1s further configured to

determine a state of a circuit breaker based on said estimated voltage.

13. The device of claim 10, wherein said housing is further configured with a
plurality of clamps to receive a plurality of said continuous conductors, said plurality of clamps

spaced to align with said plurality of circuit breakers.
14, The device of claim 1, further comprising a light emitting diode (LED) configured

to provide a visual indication in response to said communication interface receiving a command

from a collection device.
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13. A method for monitoring the voltage on and current in a continuous conductor,

said method comprising:

sensing current 1n said continuous conductor;

ocuiding a voltage sense conductor into contact with said continuous conductor at a
pre-determined orientation;

recelving information about a common reference voltage from an external source;
and

estimating voltage between a voltage sensed by said voltage sense conductor and

saild common reference voltage using said information about a common reference voltage.

16. The method of claim 15, wherein said voltage sense conductor 1s an insulation

displacement conductor.

17. The method of claim 15, wherein said received information about a common

reference voltage 1s the common reference voltage.

18. The method of claim 15, wherein said current sensor 1s a Rogowski coil.

19. The method of claim 15, further comprising calculating energy values based on

samples of said estimated voltage and samples of said sensed current.

20. The method of claim 19, further comprising determining sampling times for said

energy calculation and storing said calculated energy values,.

21. The method of claim 20, further comprising transmitting said stored calculated

energy values to a collection device.

22. The method of claim 21, further comprising transmitting said stored calculated

energy values to a collection device 1n response to a request from said collection device.
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23. The method of claim 15, further comprising identifying zero crossing times of
saild estimated voltage, wherein said zero crossing times provide synchronization between a

plurality of said monitoring devices.

24, The method of claim 15, further comprising determining a state of a circuit
breaker based on said estimated voltage, wherein said continuous conductor 1s an out-feed of

said circuit breaker.

23. The method of claim 15, further comprising setting the state of an LED 1n

response to receiving a command from said collection device.

26. A system for collecting voltage and current information, said system comprising:
a collection device configured to monitor a common reference voltage and
distribute information about said common reference voltage; and
one or more monitoring devices coupled to said collection device, said monitoring
devices comprising:
a current sensor configured to sense current 1n a continuous conductor;
a voltage sense conductor;
a guided path configured to bring said voltage sense conductor into
contact with said continuous conductor at a pre-determined orientation;
a communication interface configured to receive said information about
sald common reference voltage from said collection device; and
a voltage measuring circuit configured to estimate voltage between a
voltage sensed by said voltage sense conductor and said common reference voltage using said

information about a common reference voltage.

27. The system of claim 26, wherein said distributed and said received information

about said common reference voltage 1s said common reference voltage.

28. The system of claim 26, wherein said collection device 1s configured to supply

operating power to said monitoring devices.
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29. The system of claim 26, wherein said monitoring devices are configured to send,
and said collection device i1s configured to receilve information associated with said estimated

voltage and said sensed current.

30.  The system of claim 26, wherein said monitoring devices further comprise a
controller circuit configured to enable said monitoring devices to count the number of zero

crossings of said estimated voltage.

31. The system of claim 30, wherein said collection device 1s further configured to
transmit a synchronization message to said monitoring devices, said synchronization message
causing said monitoring devices to record said count, said collection device further configured to

retrieve said recorded count from said monitoring devices.

32. The system of claim 26, wherein said collection device 1s configured to enumerate

said monitoring devices.

33. The system of claim 26, wherein said monitoring devices further comprise a light
emitting diode (LED) configured to provide a visual indication in response to said

communication interface receiving a command from said collection device.
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