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METHOD AND APPARATUS FOR PERFORMING THE
REGISTER FUNCTIONS FOR A PLURALITY OF
METERING DEVICES AT A COMMON NODE

Abstract of Disclosure

A method and apparatus of the present

inventlion 1ncludes a common node of a power line

communilications system for i1ndividually performing the

reglster functions for a plurality of electrical
metering devices operably connected to the node. The
power line communications system includes at least one

F

node having a plurality of registers, a respective one

P

of which 1s associated with a respective electrical

metering device. The electrical metering devices

connected vlia the power lines to the node measure the

P

power consumption of the electrical load associated

H

therewlith and transmit a signal indicative of the

measured power consumption to the node and, 1in

F

particular, to the respective register of the node

assoclated with the electrical metering device. The
node i1ndividually determines the power consumed by

each electrical load operably connected to the node

pp—

pbased upon the receilved signals. The results of such

R—

calculations are stored in the register associated
with each respective electrical metering device. The
stored results are also periodically transmitted to the

g

system control center of the power line communications

system. Thus, the register functions for a plurality

of relatively simple electrical metering devices may be

centralized at a common node.
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METHOD AND APPARATUS FOR PERFORMING THE
REGISTER FUNCTIONS FOR A PLURALITY OF
METERING DEVICES AT A COMMON NODE

This application 1s a divisional of Canadian
Serial No. 2,202,584 filed April 14, 1997.

Field of the Invention
The present invention relates to power
distribution systems and, more particularly, to power
line communications systems.
Background of the Invention
Modern electrical power distribution systems

supply power to a large number of electrical loads,

such as residences, factories or businesses. The power
consumed by each electrical load 1s separately measured
by an electrical metering device, such as an induction
or electronic type watthour meter. Many electrical
power distribution systems 1include tens of thousands,
hundreds of thousands or more metering devices.

Induction type watthour meters have

historically been utilized to measure electrical enerqgy

consumption. Recently, however, an increasing number

]

of electrical metering devices, such as electronic type

watthour meters, have been employed to measure

electrical energy consumption. The use of electronic

type watthour meters has increased, in part, since
electronic meters can measure several guantities in

addition to tabulating the kilowatt hours of power

consumed by the corresponding load. In addition,

electronic type watthour meters may be reprogrammed to
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alter their operation once they have been i1nstalled so

as to offer additional metering flexibilility.

In order to “read” the electrical metering
device to determine the power consumption of the
associated load or to reprogram the electrical metering
device, various methods of communicating with
electrical metering devices have been employed.
According to one method of communicating with
electronic type watthour meters, a display associated
with the meter is observed. Alternatively, the signails
may be optically transmitted to and received from an
electronic type watthour meter having an optical port
using a corresponding optical probe. Both

communications methods, however, requlre the meter to

be physically visited in the field.

Since modern electrical power distribution

systems include tens of thousands, hundreds of
thousands or more metering devices, a power line
communications method has been employed to transfer
signals to and receive signals from electronic type
watthour meters without having to physically visit the

meter 1in the field. Many different types of signals

may be transmitted including signals indicative of the
quantities measured by the metering device, such as
kilowatt hours of power consumed, so as to permlt the
meter to be “read” from a remote location. The signals

may also include revised instructions to reprogram the

electronic meter.

One power line communilications system 1s the
UCNet™ system marketed by General Electric Company,
assignee of the present invention. The UCNet'™ system
1s described and 1illustrated in a publication entitled
“"GE UCNet System” by GE Meter and Control of
Somersworth, New Hampshire, which bears document number
GEA12091 9/91 7M. The UCNet'” system is also described
1n a publication entitled “Engineering Presentation to

AEIC/EEI Meter and Service Committees” by GE Meter and
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Control which bears document number GET-6638 .27 9/91
(3M) .

A typical power line communications system,
such as that illustrated in U.S. Patent No. 4,749,992

Lo Fitzemeyer, includes a central control station,

typically referred to as a system control center, which

Cransmits signals to one or more radio towers. The

signals may be transmitted to the radio tower by RF
transmission or by cable television or telephone lines
Oor by a satellite or microwave link. Each radio tower,

ﬁ

iln turn, rebroadcasts the signals to a plurality of

nodes, such as by RF transmission.

Bach node 1s typically a remote local relay

module associated with a distribution transformer.

Bach relay module then transmits the signals to the
individual, electrical metering devices via the power

lines which connect the associated distribution

transformer to the metering devices. Thus, the power

lines, in addition to transferring electrical power to

the metering device and the electrical load, also act

as a communlcations bus for communications between the
node and the metering devices. Accordingly, a local
area network 1s established between a node and the
electrical metering devices operably connected to the
secondary side of the distribution transformer
assocliated with the node.

A power line communications system, such as

the UCNet™ system, not only includes the power lines

extending from the distribution transformer to the
electrical loads, i.e. residences or buslinesses, but
also the electrical wiring within the residences or
businesses. The UCNet™™ and other systems transmit

signals via the power lines according to a

predetermined format or protocol such as the consumer

electronics bus (“CEBus”) protocol. The CEBRus protocol
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for power line signals 1s described in an 1interim

standard published by the Electronic Industries

Association of Washington, D.C. which 1s entitled “EIA

Home Automation System (CEBus)”.

Electronic type watthour meters coupled to

the electrical loads of the distribution transformer

1nclude a modem for receiving and translating the
signals transmitted via the power lines. The modem
thereafter provides the translated signal to the
controller or processor of the electronic type watthour
meter. The modem 1s bildirectional so as to also
transmit signals from the electronic type watthour
meter on the power lines.

The node and each electronic type watthour
meter within a local area network 1s assigned a
predetermined address. As explained in more detall 1n
the publication entitled “EIA IS-60 CEBus Volume 4 Node
Protocol Draft Standard”, the standard CEBus protocol

1includes seven hierarchical layers. The data 1link

layer i1ncludes fields for the actual command or signal

to be transmitted, designated the information field, as
well as fields for the source address and the
destination address of the signal. Accordingly, the

device which sent and the device which is to receive

the signal are identified by their respective

predefined addresses.

Recently, an increasing number of electronic
type watthour meters have been employed to measure
electrlcal energy consumption since they can compute

several quantities 1n addition to measuring the

kilowatt hours of power consumed by the corresponding
load. For example, electronic type watthour meters can

compute the power factor, kilovolt amperes (“KVA”), and

reactive volt amperes of power consumed by the

corresponding load. The computation of the various

ﬁ

measures of power consumption, such as power factor,
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KVA and reactive volt amperes of power consumed by each
load of the power distribution system, 1s desirable
since these measurements provide additional information

regarding the customers’ electrical energy usage. This

information can be used by the power distribution
company to more accurately anticlpate the customers’
future power demands and to plan accordingly.

The total electrical power demand upon most

power distribution systems is cyclical throughout each

day with one or more peaks in the demand for electrical
energy. The cyclical electrical energy demand 1s
relatively consistent such that the peaks 1n electrical
energy demand occur at substantially the same time each
day. Likewise, the off-peak time periods also occur at
relatively the same times of each day. Thus, many

o

suppliers of electrical power charge more for

electrical energy consumption during the peak periods

than during the off-peak periods to reflect the

P

increased cost of supplyling the power during the peak

periods.

Electronic type watthour meters may also

include an electronic register which can provide time

P
-

of use metering as well as other functions. Time of

use metering separately tabulates the electrical
consumption of the load during distinct, predetermined
periods of time. Electronic time of use watthour
meters having electronic registers, therefore, may
measure the electrical energy consumption separately

during the predetermined off-peak and peak periods of

time. Separate billing rates may thereafter be applied

to the electrical consumption during those periods of

P

time by the suppliers of the electrical power.

The 1ncreased metering flexibility and
capacity provided by electronic type watthour meters 1is
due, at least 1n part, to the electronic acguilsition,
integration and processing of the measured electrical

consumption of the load. Within each electronic type
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watthour meter, the electronic processing 1s
principally provided by the register. The register
typically includes an electronic processor or
controller as well as memory for data storage.
Electronic type watthour meters which measure
several quantities, 1n addition to the kilowatt hours
of power consumed by the associated load, typically
require a fairly sophisticated register. For example,
such a register may require a more advanced electronic
processor or controller as well as additional memory
for storing the computed quantities. In addition, the

P

processor or controller of a sophisticated register may

need to perform more rapid numerical processing 1n

order to perform the necessary computations. The need

b

‘or a sophilsticated register is particularly apparent

in electronic type watthour meters which provide time

of use metering. In these reglsters, the necessary
electronic processor or controller must perform all the
necessary computations while, simultaneously,
separating the power consumption among the distinct,
predetermined periods of time.

Electronic type watthour meters which compute
several measures of power consumption also generally

include a comparatively sophisticated display adapted

to display each of the computed measures of power

consumption. The meter may thus be “read” upon

physically visiting the meter.

Presently, each electronic type watthour
meter of the electrical power distribution system
includes a register. A significant and increasing

P

number of these electronic type watthour meters

1incorporate relatively sophisticated registers to
measure and calculate several quantities in addition to

kilowatt hours of power consumed and to provide time of

use metering. Thus, tens of thousands, hundreds of

thousands or more of electronic metering devices

incorporating sophisticated registers may be “in the
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field” as part of a modern electrical power
distribution system.

Fach electronic type watthour meter
1ncorporating a sophisticated register is significantly
more expensive than an electronic type watthour meter
which i1ncludes a relatively simple register, such as an
lnterval recording meter. However, it 1s desirable to

P

continue to compute the additional measures of power

consumption and to perform time of use metering which
electronic type watthour meters having relatively
sophisticated registers presently provide.

Summary of the Invention

It 1s therefore an object of the invention to

provide an 1mproved electrical metering device.
It 1s another object of the invention to
provide an 1mproved method and apparatus for computing

P

the electrical power consumption of a load in a power

distribution system with an electrical metering device
having a relatively simple and comparatively
lnexpensive register.

These and other objects are provided,
according to the invention, by an electrical metering
device including metering means for measuring the power

consumption of an associated electrical load and means

for transmitting a signal indicative of the measured
power consumption via the power lines to a node for
tabulating the 1ndividual power consumption of each
electrical load operably connected to the node. Thus,
the electrical metering device may include a relatively
simple register, 1f any, and a relatively simple

display, 1if any. The node, instead, includes the

register means for individually computing the various

measures of electrical power consumption and for

P

performing time of use metering for each of the

plurality of electrical loads connected to the common

node.



CA 02608603 2007-10-30
11MEQO316A

The signals which the electrical metering

g
=

device transmits to the node may be pulses, one ot

which 1s produced upon the consumption by the
associated locad of a predetermined amount of energy.
In other embodiments, the electrical metering device
may include memory means for maintaining a cumulative

P

count of the number of pulses, which count 1is

periodically transmitted to the node. In still other

embodiments, the electrical metering device may include
a memory device for storing a measure, such as kilowatt
hours, of the power consumed by the assoclated load.
The measure of power consumption 1s then periodically
transmitted to the node.

While the count of pulses or the measure or
power consumption may be reset prior to each period of

time, a cumulative total is preferably maintained 1n

the memory means. Accordingly, 1f the node does not
properly receive one of the periodic signals from the
transmitting means, the node will obtain a measure of

the power consumption during the period from which no

corresponding signal was recelved from a subsequent
signal which is indicative of the total pulses received
or the cumulative power consumed.

The electrical metering device also

preferably includes clocking means, operably connected
to the transmitting means, for periodically producing a

timing signal. The transmitting means, 1n response to

&

the timing signal, then sends the signal, 1indicative of
the measured power consumption, to the common node.
FFor electrical metering devices i1ncorporating

H

time of use metering, the clocking means not only

produces a periodic timing signal, but also preferably

produces a signal which includes the length of time

g

remalning 1n a predetermined period of time. The

transmitting means of such electrical metering devices
not only sends the signal, in response to the timing

signal, indicative of the cumulative power consumption
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of the associated electrical load, but also sends a

pr=

signal indicative of the length of time remaining in

the predetermined period of time. Thus, the electrical

metering device and the common node may be synchronized

fr—

within the predetermined period of time 1n which the

electrical energy consumption was measured.

The transmitting means, preferably including
a modem and electronic controller or processor,
preferably sends signals according to a consumer
electronics bus protocol via the power lines
interconnecting the electrical metering device with a
distribution transformer as well as a node assoclated
with the distribution transformer. Accordingly, the

p—

transmitting means preferably 1ncludes means for

formatting the signals according to the consumer
electronics bus protocol.

The electrical metering device also

preferably includes display means, such as a liquid
crystal display or a set of mechanical dials, for
displaying the measured power consumption of the
assoclated load. The display means, however, need not
be capable of displaying time of use measurements or
other measurements of the electrical power consumption
computed from the measured power consumption. Instead,
the display means need only display the measured power
consumption with the other computations being performed
at the common node.

The node of the present invention allows the
plurality of electrical metering devices to communicate

with a system control center via the power lines

interconnecting the distribution transformer and the
plurality of electrical metering devices. The node

includes means, such as a modem and an electronic

controller or processor, for communicating with a

plurality of electrical metering devices via the power

lines.
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Thus, the node receives the signals from the
electrical metering devices operably connected to the
node and, based on those signals, determines the
kilowatt hours of power consumed as well as any
additional measures of power consumption desired. The
node may also determine the power consumption within

ﬁ

each of a number of predefined periods of time if time

0f use metering 1s desired. Furthermore, the node
separately performs these register functions for each
electrical metering device connected to the node prior
to transmitting the computed results to a system

control center of the power communications system.

In order to individually perform the

) -

necessary computations for each electrical metering
device connected thereto, the node includes register
means having a plurality of registers, a respective one
of which is associated with a respective metering
device connected to the node. The register means 1s

adapted to receive signals from electrical metering

devices which are indicative of the power consumed by

the electrical load coupled to the electrical metering

devices. Based on the received signals, the register
means 1s adapted to determine the power consumption of
each i1ndividual electrical load, including time of use

Jre—

calculations, 1f desired, as well as the power factor,

KVA and reactive volt amperes of the power consumed.

Each of the plurality of registers also preferably

1ncludes memory means for storing the signals received

from the respective electrical metering devices as well
as the results of the computations performed on the
recelived signals.

A node of the present invention also
preferably 1ncludes means for prompting the electrical
metering devices connected to the node. The node
prompts the assoclated electrical metering devices to
transmit signals indicative of the power consumption of

the assoclated electrical loads. Thus, electrical
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metering devices may pe configured to transmit signals
indicative of power consumption continuously,
periodically or upon prompting by the node.

The signals received from the electrical

metering devices are preferably formatted according a
consumer electronics bus protocol. Accordingly, the
node preferably comprises means, such as the modem and
the electronic controller or processor, for receiving
signals formatted according to the consumer electronics
bus protocol. 1In addition, the node preferably

includes means for transmitting the signals received

from the electrical metering devices and the results of
the calculated power consumption of the electrical
loads to the system control center.

Therefore, a power line communications system
of the present invention allows the power consumption
of an electrical load to be measured by an electrical
metering device which need not include sophisticated
register means for performing computations wlth the
measured power consumption. Instead, a common node,
assoclated with the plurality of electrical metering
devices, includes register means having a plurality of
registers, a respective one of which 1s associated with
a respective electrical metering device, for receiving

g

signals 1ndicative of the measured power consumption

from the electrical metering devices and for performing
the necessary computations therewith. Accordingly,
relatively simple, and therefore less expensive,
electrical metering devices may be employed by the
electrical power distribution company.

Brief Description of the Drawings

Figure 1 1s a perspective view of a power

line communications system for transmitting signals to

and from a plurality of electrical metering devices.

Figure 2 1s a block diagram of an electrical

metering device according to the present invention.
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Figure 3 1s a block diagram of a node
accordlng to the present invention.
Figure 4 is a block diagram of a standard
CEBus protocol.
Figure 5 1s a block diagram of the data link
layer of the standard CEBus protocol of Figure 4.
Description of the Preferred Embodiment

The present invention will now be described

more fully hereinafter with reference to the
accompanying drawings, 1n which a preferred embodiment

of the l1nvention 1s shown. Thils invention may,

however, be embodied 1n many different forms and should
not be construed as limited to the embodiments set
forth herein; rather, this embodiment is provided so
that this disclosure will be thorough and complete and
will

skilled 1n the art. Like numbers refer to like

-

fully convey the scope of the invention to those

elements throughout.

F
pra—

Referring now to Figure 1, a portion of an

electrical power distribution and communications system
10, such as the UCNet ™™ system, is illustrated. The
electrical power distribution system 10 includes a

plurality of distribution transformers 12. The

secondary slde of the distribution transformers 12 1is
generally connected to a plurality of electrical
loads 14. The electrical loads 14 are typically
residential homes, businesses or factories which
consume electrical power. An electrical metering
device 16, such an electronic type watthour meter, 1is

F

coupled to each of the plurality of electrical loads 14

for measuring the electrical consumption of the

corresponding load 14.

Figure 1 also illustrates one embodiment of a
power line communications system in which commands may
be transmitted via the electrical power lines 17 to the
plurality of electrical metering devices 16 of the

present 1nvention. Accordingly, the power lines 17 not
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only conduct current from distribution transformers 12
to the electrical loads 14, but also serve as a

communications bus.

The power line communications system 1ncludes

a central control station 18, typically referred to as

a system control center, which transmits commands to a

plurality of radio towers 20. The commands are
preferably transmitted from the system control center
18 to the radio towers 20 via RF signals. However, the
signals may be transmitted via cable television or

telephone lines or by satellite or a microwave link.

The radio tower 20 thereafter broadcasts the signals,

preferably RF signals, to a plurality of nodes 22.

More preferably, the power line communications system

P

1ncludes a self-contained RF system which provides for

RE transmission between the system control center 18,
the radio tower 20 and the plurality of nodes 22.
Each node 22 preferably includes a remote

local relay module associlated with a distribution

transformer 12. The node 22 receives the signal and,
1n turn, transmits the signal via power line 17 to each

electrical metering device 16 coupled to an electrical

load 14 of the associated distribution transformer 12.
While the present i1nvention 1s illustrated and
hereinafter discussed 1n conjunction with a power line

communications system in which signals are transmitted

petween a node 22 and the plurality of associated
electrical metering devices 16 via the power lines 17,
signals can also be transmitted between a node and the

plurality of associated electrical metering devices via

radio frequency signals without departing from the
spirit and scope of the present invention.
Referring now to Figure 2, a block diagram of

an electrical metering device 16 according to the

present invention is illustrated. Each electrical
metering device 16 preferably includes metering

means 21 for measuring the electrical power consumption
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of the load 14 to which the metering device 16 1is
coupled. The metering means 21 typically produces a
pulse for each quantum of energy consumed by the
corresponding load 14. Alternatively, the metering
means 21 may produce a signal having a frequency or
pulse repetition rate related to the energy consumed by
the corresponding load 14.

The electrical metering device 16 also
includes means, such as modem 23, for transmitting a
slgnal 1ndicative of the measured power consumption via
the associated power line 17 to the associated node 22.
For example, the electrical meterling device may 1nclude
a disk which rotates in response to power consumption
by the load 17. As an 1indication of the power

H

consumption of the load 17, a pulse may be produced for

each revolution of the disk. This pulse may, 1n turn,
be transmitted via the power line 17.

The electrical metering device 16 includes
means for controlling the transmission of signals to
the node 22. The control means 26 1is preferably an
electronic controller or processor, such as the
microprocessor 1llustrated in Figure 2. 1In addition,
the memory means 24 need not be a discrete memory
device which 1s distinct from the microprocessor 26 as

1llustrated in Figure 2. 1Instead, the electrical

1)

metering device 16 may utilize the internal memory o:
the microprocessor 26 as the memory means.
Alternatively, the memory means 24 may be an external,

circular, non—volatile memory device which prevents

stored power consumption measurements from being lost

in the event of a power failure. However, it will be

"

apparent to those skilled in the art that any number o:

memory devices 24 may be utilized by the electrical

metering devices 16 of the present invention.

The electrical metering device 16 also

preferably includes clocking means 28, operably

connected to the transmitting means, for periodically
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producing a timing signal. As illustrated in Figure 2,
the microprocessor 26 may include the clocking means
28, or the electrical metering device 16 may 1nclude a
distinct clocking generator circuit. The transmitting
means, 1n response to the periodic timing signal, sends
a signal indicative of the measured power consumption
via the power line 17 to the assoclated node Z22.

ﬁ

In one embodiment of the electrical metering

device 16, the control means 26 tabulates and the

memory means 24 stores a cumulative count of the number

-

of pulses, one of which is received for each quantum of

energy consumed. Accordingly, the periodic signal sent
by the transmitting means is the tabulated cumulative
count of pulses stored in the memory means 24. The

electrical metering device 16 may thereafter reset the

pulse count prior to counting the pulses 1n the next
period. Alternatively, the electrical metering device
16 may maintain a running cumulative count of pulses
which spans a plurality of time periods. For example,
the electrical metering device 16 may transmit the
following sequence of signals indicative of the
cumulative pulse count: 1000, 1210, 1400, 1511,
1687.... Thus, if there is an error 1n transmission of
the signal or for some other reason, the signal 1s not
properly received by the node 22, the subsequent signal
transmitted by the electrical metering device 16, which

ﬁ

is indicative of the cumulative pulse count, will

include not only the power consumed during the
immediately preceding period, but also the power
consumed during the period for which no signal was

properly received.

In another embodiment, the control means 26

tabulates and the memory means 24 stores a measure,

such as kilowatt hours, of the power consumption of the

associated load 14. This measure of power consumptilon
may then be periodically transmitted to the node 22.

While the measure of power consumption may be reset for
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each period of time, a cumulative, running total is

preferably maintained in the memory means 24. Even

though the electrical metering device 16 may compute a

Jr—

measure oI power consumption, an electrical metering

device 16 according to the present invention need not

include sophisticated register means for performing

computations with the measured power consumption.

The electrical metering device 16 of the

present i1nvention may also be utilized to measure the

P

electrical power consumption for time of use metering.

For example, predetermined periods of time in which the
electrical power consumption is desired to be
individually tabulated may be selected by the power

distribution company and stored within the memory

means z24. In this embodiment, the clocking means 28,

1n addition to producing the periodic timing signal,

1)

may also produce a signal indicative of the length of

time remaining in a predetermined period of time.

For electrical metering devices configured to

p

perform time of use metering, the transmitting means,

in response to the periodic timing signal, will
typically send a signal indicative of the power

F
—

consumption of the associated electrical load 14 via

the power line 17 to the node 22. During the

predetermined periods of time, the transmitting means

”

also sends a signal indicative of the length of time

*

remalning 1n the predetermined period of time which is

provided by the clocking means 28. Accordingly, the

electrical metering device 16 and the node 22 may be

F

synchronized such that the signals indicative of the

F

power consumption of the associated electrical load 14

may be applied to the appropriate predetermined periods

P

of time.

The electrical metering device 16 also

preferably includes means for displaying the measured

power consumption of the associated load 14. However,

P
-

the display means 30, typically a set of mechanical
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dials or a liquild crystal display, may be a relatively
simple display that may display the kilowatt hours ot

power consumption by the electrical load 14, but need

not display time of use metering information or
additional measures of power consumption since those

computations will be performed at the node 22.

el

The power line communications system of the

present 1nvention also 1ncludes at least one node 22 as

1llustrated in block diagram form 1n Figure 3. This
node 22 includes means, preferably a modem 38, for
communicating with the plurality of electrical metering
devices 16 operably connected to the node 22 via the
power lines 17. The node 22 also includes means,
preferably a transcelver 39, for communicating
bidirectionally with the system control center 18. The
communications between the node 22 and the system

control center 18 1s generally via radio freqgquency

signals.

The node 22 also preferably i1ncludes register
means 32 including a plurality of registers 34, a
respective one of which 1s associated with a respective
electrical metering device 16 connected to the node 22
by the power line 17. For example, register R; of
Figure 3 may be assocliated with a first electrical
metering device, register R, may be associated to a
second electrical meter device, and so on. In
operatlon, the register means 32 receives signals from
the associated electrical metering devices 16. The
signals are 1ndicative of the power consumption of the
electrical loads 17 coupled to the associated
electrical metering devices 16.

In addition to the plurality of reglsters 34,
the register means 32 typically includes control means,
such as the microprocessor 36 illustrated in Figure 3.
The microprocessor recelives and transmits signals, via
the modem 38, to the power lines 17 and the system

control center 18. 1In addition, the microprocessor 36
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18 adapted to perform computations based upon the

signals transmitted by the electrical metering devices

F

16. For example, 1f the signals transmitted are pulses

indicative of the electrical power consumption, the
microprocessor 36 will individually determine the
kilowatt hours of power consumption of the load 14
assoclated with each respective electrical metering
device 16. Such computations will also typilcally
include other measures of power consumption such as

F

power factor, KVA and reactive volt amperes of power

consumed by the loads 14 associated with each

respective electrical metering device 16.

In addition, the register means 32 of the
node 22 also preferably includes clocking means 37. As
illustrated in Figure 3, the microprocessor 36 may
incorporate the clocking means 37 or an external clock
generator circuilt may be utilized. The register means
32 of node 22 may then perform time of use metering

F

functions for predetermined periods of time.

Accordingly, the power consumption by each respective

electrical load 14 may be individually computed for

cach predetermined period of time by the regilister

F

means 32 of node 22 i1llustrated in Filigure 3.

Each register 34 typically 1ncludes memory
means. The memory means may either be a memory device
external to the microprocessor 36 of the register means
32 or the internal memory of the microprocessor 36. In

either instance, the memory means of each register 34

must be sufficiently large to store the measured power

consumption as well as each computations performed
thereon by the microprocessor 36 of the register means
32. Thus, as an example, a first memory location
within register R; may store the measured power
consumption of the load 14 associated with the first
electrical metering device 16, a second memory location
may store the power factor for the measured power

consumption, a third memory location may store the KVA
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consumed by the load 14, and a fourth memory location
may store the reactive volt amperes of power consumed
by the load 14. In addition, the memory means of
registers 34 which are associated with electrical
metering devices 16 which perform time of use metering
must i1nclude memory locations to store the electrical
power consumption and related computations for each
predetermined period of time.

Although the electrical metering devices 16
may be configured to transmit signals continuously or

periodically in response to a timing signal, the node

22 may also 1nclude means for prompting the electrical
metering devices 16 connected to the node 22 to
transmit signals indicative of the power consumption of
thelr respective electrical loads 14. Thus, the
electrical metering devices 16 may malntaln a
cumulative measure of the power consumption and

transmit a signal upon prompting by the node 22. The

prompting means 1s preferably the microprocessor 36 and
assoclated clocking means 37 for periodically
transmitting a signal via the power lines 17 to the
electrical metering devices 16 operably connected
thereto. However, other well known prompting

techniques may be used.

The signals transmitted via the power line 17
between the electrical metering devices 16 and the node
22 are preferably formatted according to a consumer
electronics bus protocol. Accordingly, the
transmitting means of each electrical metering device
16 includes means, typically the modem 23 and the
associated microprocessor 26, for formatting the
signals according to the consumer electronics bus
protocol. Likewise, the node 22 also includes means,
typically the modem 38 and the associated
microprocessor 36, for receiving signals formatted

according to the consumer electronics bus protocol.
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The node 22 also communicates with the system
control center 18, such as via radio frequency signals.
The node 22 will typically transmit signals
periodically that are indicative of the data stored in
ecach register 34 of the register means 32.

Accordingly, the electrical energy consumption of each

electrical metering device 16 associated with the node

22 as well as the additional measures of power
consumption computed by the node 22 and the time of use
metering information will be transmitted. The node 27

-

may also 1nclude means for displaying the measure of

electrical power consumption for each electrical
metering device 16.

The information regarding each electrical
metering device 16 connected to the node 22 1s
distinguishable based, not only on the register 34 1n
which the information is stored, but also on a
predetermined, distinct address assigned to each node
22 and electrical metering device 16. Thus, by

transmitting the respective address of the electrical

metering device 16 with the information, the measured
power consumption and related data may be associated
with the particular electrical metering device 16
corresponding to the predetermined address.

For example, a consumer electronics bus
signal, illustrated in Figure 4, includes seven
standard layers. One of these layers 1s the data link
layer 40 illustrated in more detail in Figure 5. The
data link layer 40 includes addresses designating both

P

the source 40a and the destination 40b of the

information 40c. Accordingly, the appropriate
electrical metering device 16 will be associated with
the power consumption information. The design and
utilization of the consumer electronics bus and the

data link layer 1s well known to those having skill in

the art, and need not be described further herein.
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According to the present invention, the

P

plurallity of electrical metering devices 16 may

individually measure the power consumption of the
associated electrical loads 14. The electrical
metering devices 16 may then transmit signals
indicative of the measured power consumption via the
power lines 17 to a common node 22. Based on these
signals, the common node 22 may individually compute
and store various measures of power consumption,

F

including time of use metering information for each of

"

the plurallity of electrical metering devices 22 and
electrical loads 14 connected thereto.

Thus, relatively simple electrical metering
devices may be employed which do not i1nclude
sophistlicated registers or display means. Instead, the

common node 22 may include a central register means 32

to perform the register functions for each of the
plurality of electrical metering devices 16 connected
thereto prior to transmitting signals 1indicative of the
power consumption for each electrical metering device

16 to the system control center 18.

In addition to providing a power line
communications system 10 which can employ a plurality
of relatively simple electrical metering devices 16,
the node 22 of the present i1nvention can sum the
electrical power consumption of each electrical load
operably connected thereto. This sum represents the
total power demand on the distribution transformer 12
assocliated with the node 22. This sum may also be
transmitted to the system control center 18 such that
the power distribution company can utilize the total

power demand information, as part of a transformer load

management program, to determine i1if the distribution

Cransformer 12 1s efficiently loaded.
The sum computed from the signals indicative
of the power consumption by each load may also be used

Lo detect a metering problem, such as meter tampering.
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In order to determine 1f there 1s a metering problem,

the computed sum may be compared with a measure of
total power supplied to the electrical load 14 operably
connected to the node 22. The measure of total power
supplied 1s determined by the associlated distributilon
transformer 12. Thus, 1f the total power consumption
determined from the signals received from the

electrical metering devices 16 differs substantially

from the total power supplied by the distribution
transformer 12, a metering problem, such as tampering,
may exist.

Sti1ll further, the electrical metering
devices 16 may also transmit signals which indicate

that the power service to the load 14 was interrupted

at some point in the preceding period. By comparing
these power outage signals with the power interruptions
detected by the node 22, power delivery problems
1nvolving a particular metering device 16 may be
detected.

A power line communications system 10 of the
present 1nvention need not only include nodes 22 such
as that 1llustrated in Figure 3, but may also include
conventional nodes 22 which merely pass signals

fr—

receilved from the plurality of electrical metering

devices 16 associated therewith to the system control
center 18. Typically, these conventional nodes 22 pass
the received signals to the system control center 18

after only changing the format of the signals such that

the signals which were received via the power line 17
may be transmitted via radio frequency signals.
Accordingly, the electrical metering devices 16
connected to such conventional nodes 22 must each
include relatively sophisticated register means for
performing the computations of the various measures of
power consumption as well as time of use metering
information, i1f desired, prior to transmitting the

results of these computations.
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In the drawings and the specification, there
has been set forth a preferred embodiment of the
invention and, although specific terms are employed,
the terms are used in a generic and descriptlve sense
only and not for purpose of limitation, the scope otf

the invention being set forth in the following claims.
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WHAT IS CLAIMED 1IS.:

1. An electrical metering device comprlsing:
metering means configured to be coupled to a

power line supplying power to an electrical load and for

measuring the power consumption of the electrical load

from the power line; and

register communicating means for transmitting a
signal, indicative of the measured power consumption to an
external register located remote from salid metering device

J—
p—

such that the electrical metering device 1s free of

register means for performing computations with the

P

measured power consumption of the associated electrical

load.

2. An electrical metering device according to

claim 1 further comprising clocking means, operably

connected to said communicating means, for producing,

F

during a predetermined period of time, a periodic timing

o d

signal which includes the length of time remaining 1n the

predetermined period of time, such that said communicating

means sends the signal, indicative of the power

p— p—

consumption of the assoclated load and the length of time

g

remaining in the predetermined period of time,

periodically in response to the timing signal.

3. An electrical metering device according to
claim 1 wherein said communicating means sends signals
according to a consumer electronics pbus protocol, and
wherein said communicating means comprises means for

formatting the signals according to the consumer

electronics bus protocol.
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4. An electrical metering device accordilng to

claim 1 further comprising means for displaying the

P

measured power consumption of the associated load.

5. An electrical metering device according to

claim 1 further comprising memory means for storing a

ity

measure of the power consumption of the associated

electrical load measured by salid meterling means.

6. An electrical metering device according to
claim 5 further comprising clocking means, operably
connected to saild register communicating means, for
periodically producing a timing signal such that said
communicating means sends the signal, indilcative of the
measured power consumption, periodically 1n response to
the timing signal, and wherein the signal i1ndicative of
the measured power consumption sent by said communilicating

means 1s indicative of the kilowatt-hours consumed by the

load.

7. An electrical metering device according to

claim 6 wherein sald memory means stores cumulative power

P

consumption of the assoclated electrical load, and wherein

P

the signal indicative of the measured power sent by said

communicating means 1s the stored cumulative power

consumption.
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