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(57) ABSTRACT 

A method of associating chronological time With energy 
consumption includes a step of storing in a utility meter a 
plurality of energy consumption values, each energy con 
sumption value corresponding to a time interval of a ?rst 
type. The method also includes obtaining from a source 
external to the utility meter chronological time information 
regarding at least one of the plurality of energy consumption 
values. The method further includes associating each of the 
energy consumption values With a time interval of the 
second type, each time interval of the second type associated 
With at least one chronological time value. 
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METHOD OF TIMING DEMAND AND 
TIME-OF-USE FUNCTIONALITY WITH 

EXTERNAL CLOCK SOURCE 

[0001] This application claims the bene?t of US. Provi 
sional Patent Application Ser. No. 60/517,740, of the same 
name, ?led Nov. 6, 2003, Which is incorporated by refer 
ence. 

FIELD OF THE INVENTION 

[0002] The present invention relates generally to utility 
meter systems, and in particular, to meter systems that 
communicate usage information using communication net 
Works. 

BACKGROUND 

[0003] Electricity meters are used to measure electricity 
consumption for many purposes, including billing for the 
usage of energy. In many cases, an electricity meter merely 
keeps track of accumulated energy usage. The accumulated 
usage over a month is then applied to one or more billing 
rates (eg dollars per kiloWatt hour) to arrive at the amount 
to be billed to the customer for the month. 

[0004] Other billing methods are employed in other cases. 
TWo common alternative billing methods include so-called 
Time of Use (TOU) and Demand metering. Time of Use 
metering involves application of different rates to energy 
usage at different times of day. To this end, a TOU meter 
may maintain several accumulators, one for each billing 
rate. During billing accumulated energy usage is added to 
the appropriate one of the many accumulators, depending on 
the time of day. Different billing rates are then applied to the 
accumulated energy usage values in each of the accumula 
tors. Demand metering involves billing based on time peri 
ods in Which the demand is at or near a maXimum level. 
Such billing/metering methods are knoWn. 

[0005] Historically TOU and Demand functions have been 
performed by the end device (i.e. the meter). Industry 
standards, and in some cases governmental regulations, 
require relatively accurate determination of the start and 
?nish of time periods used for TOU and Demand operations. 
Such accuracy can be achieved by referencing the timing off 
of the 60 HZ poWer line signal, Which is generally fairly 
accurate. In such cases, hoWever, poWer line timing infor 
mation is lost in a poWer outage, and there must be some 
ability to recover chronological time information (time of 
day) after the poWer returns. 

[0006] The problem of recover after a poWer outage can be 
addressed by including a clock chip and a battery for poWer 
to maintain the time during a poWer outage. In some cases, 
the clock chip may be used during normal operation as Well. 
There are disadvantages to reliance on the clock chip for 
timing information, hoWever, Which are outlined beloW: 

[0007] 1. The accuracy of clock chips drifts over 
time, causing devices to become out of synch With 
the real or actual time; 

[0008] 2. Updating the time information in the meter 
often requires a visit to the physical location With a 
programming device; 

[0009] 3. Even When the time information is updated 
in the meter, the programming devices also have 
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clock drift, and as a result, meters across the popu 
lation on a system are never truly set to the same time 

base; 

[0010] 4. The cost of a clock chip and a battery is 
borne by all metering devices in the system. 

[0011] To address these problems, some meters noW 
implement tWo-Way communication systems that offer the 
ability to provide accurate timing information to the meters 
from a single accurate time base. Keeping the metering 
devices time synced to the system time greatly improves the 
accuracy of billing demand and TOU data from the metering 
devices. HoWever, this solution also has disadvantages. In 
order to ensure accuracy, all devices must get the correct 
time Within seconds to maintain the integrity of the time 
of-use, demand or load pro?ling data, Which is not practical 
in a system With many metering devices. 

[0012] There is a need, therefore, for a metering system 
that addresses one or more of the shortcomings identi?ed 
above in connection With prior art solutions. 

SUMMARY 

[0013] The invention addresses the above-described need, 
as Well as others, by providing an arrangement that enable 
storage of energy consumption values in association With a 
?rst type of time interval Within a meter, and then associ 
ating the stored energy consumption values With a second 
type of time interval, the second type of time interval aligned 
With or at least anchored or referenced to a chronological 

clock (e.g. time of day clock). Such a device thus stores 
energy consumption values in the absence of a standardiZed 
clock, and then later associating the energy consumption 
values With the standardiZed clock, Which may be used to 
obtain data for standard TOU, Demand or other meter billing 
or data gathering time periods. 

[0014] A ?rst embodiment of the invention is a method of 
associating chronological time With energy consumption. 
The method includes a step of storing in a utility meter a 
plurality of energy consumption values, each energy con 
sumption value corresponding to a time interval of a ?rst 
type. The method also includes obtaining from a source 
external to the utility meter chronological time information 
regarding at least one of the plurality of energy consumption 
values. The method further includes associating each of the 
energy consumption values With a time interval of the 
second type, each time interval of the second type associated 
With at least one chronological time value. 

[0015] The energy consumption values may be associated 
With the chronological time value-based time intervals either 
internal to the meter, or at a remote location from the meter. 
In the former case, the chronological time information is 
communicated to the meter. In the latter case, the stored 
energy consumption values are communicated to a remote 
facility that has access to chronological time information. 
Other variations may of course be implemented. 

[0016] The above described features and advantages, as 
Well as others, Will become more readily apparent to those 
of ordinary skill in the art by reference the folloWing detailed 
description and accompanying draWings. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0017] FIG. 1 shows a representative block diagram of an 
arrangement including a plurality of metering units and a 
data concentration system that implements embodiments of 
the invention; 

[0018] FIG. 2 shoWs a schematic block diagram of an 
exemplary metering unit of the arrangement of FIG. 1; 

[0019] FIG. 3 shoWs a How diagram of an exemplary set 
of operations performed by processing circuits of a metering 
unit and the data concentration system of the arrangement of 
FIG. 1; 

[0020] FIG. 4 shoWs a representative diagram data and 
timing elements that illustrate an exemplary execution of 
operations of FIG. 3; 

[0021] FIG. 5 shoWs a How diagram of another exemplary 
set of operations performed by processing circuit of a 
metering unit of the arrangement of FIG. 1; 

DETAILED DESCRIPTION 

[0022] FIG. 1 shoWs a metering system that includes a 
data concentration system 10 and a plurality of customer 
premise metering units 12. The customer premise metering 
units 12 include a metering device 14, a data store 16 and 
communication circuit 18. Each metering device 14 is a 
device that is con?gured to generate energy consumption 
information regarding a load. Each data store 16 is a 
memory device or set of memory devices that store energy 
consumption information, among other things, as discussed 
herein. The communication circuit 18 is a device con?gured 
to communicate information to and from the data concen 
tration system 10. In an exemplary embodiment, the com 
munication circuit 18 includes a radio. 

[0023] FIG. 2 shoWs in further detail the metering unit 12 
according to at least some embodiments of the present 
invention. The metering unit 12 is an apparatus for measur 
ing energy consumption that includes a measurement circuit 
110, a processing circuit 120, a communication circuit 18, an 
optional display 140 and a data store 16. All of the above 
listed elements are preferably supported by a meter housing 
13, Which may a plurality of knoWn forms. The metering 
unit 12 shoWn in FIG. 2 includes an optional chronological 
clock circuit 130, Which is useful in an embodiment 
described beloW in connection With FIG. 5. 

[0024] In the embodiment described herein, the measure 
ment circuit 110 is a circuit operable to generate a ?rst 
digital signal representative of a line voltage Waveform and 
a second digital signal representative of a line current 
Waveform. To this end, the measurement circuit 110 may 
suitably comprise current and voltage sensors, not shoWn, 
and one or more analog-to-digital converters, not shoWn. 
Many circuits capable of generating digital voltage and 
circuit Waveform signals are Well knoWn in the art. Suitable 
examples of input circuits having such capabilities are 
described in US. Pat. No. 6,374,188; US. Pat. No. 6,564, 
159; US. Pat. No. 6,121,158 and US. Pat. No. 5,933,004, 
all of Which are incorporated herein by reference. 

[0025] The processing circuit 120 is a device that employs 
one or more processing devices such as microprocessors, 
microcontrollers, digital signal processors, discrete digital 
circuits and/or combinations thereof. The processing circuit 
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120 is operable to generate energy consumption data based 
on the ?rst digital signal and the second digital signal. For 
example, the processing circuit 120 may generate Watt 
hours, VAR-hrs, poWer factor, root-mean-square voltage 
and/or current, or combinations of any of the foregoing. 
Various processing circuits operable to generate energy 
consumption data from digital voltage and digital current 
measurement signals are Well knoWn in the art. Suitable 
examples of such circuits are described in US. Pat. No. 
6,374,188; US. Pat. No. 6,564,159; US. Pat. No. 6,121,158 
and US. Pat. No. 5,933,004. 

[0026] The processing circuit 120 is further operable to 
generate energy consumption values corresponding to a time 
interval of a ?rst type. The energy consumption data pref 
erably represent a quantity of energy (real, VA or VAR) 
accumulated over the time interval of the ?rst type. The time 
interval of the ?rst type is preferably a relatively small 
interval in comparison to a demand, TOU or load pro?ling 
time interval. For example, the time interval of the ?rst type 
should be less than one minute, and preferably less than ten 
seconds. If the TOU, demand or load pro?ling time interval 
is relatively small, for example, 5 to 15 minutes, then the 
time interval of the ?rst type should be one the order of one 
second or less. If the TOU, demand or load pro?ling time 
interval is more than an hour, then the time interval of the 
?rst type may be someWhat larger. Additional detail regard 
ing the relationship betWeen the time interval of the ?rst type 
and the corresponding standard billing time interval is 
provided further beloW. 

[0027] It Will be appreciated that the energy consumption 
data generated for metering purposes often represents an 
accumulation of energy for even a smaller time interval. 
Some measurement circuits such as the circuit 110, either 
alone, or in combination With the processing circuit 120, 
generate pulse signals representative of a particular quantum 
of accumulated consumed energy. Other meters generate 
accumulated energy usage signal for consecutive sub-second 
intervals. In such cases, the processing circuit 120 accumu 
lates such energy consumption information, in Whatever 
form, for each successive time interval of the ?rst type. 

[0028] The processing circuit 120 is further operable to 
store the plurality of energy consumption values in the data 
store 16. In other Words, for each time interval of the ?rst 
type, the processing circuit 120 stores the accumulated 
energy consumption value. Preferably, the energy consump 
tion values are stored in a manner such information regard 
ing the order in Which the energy consumption values Were 
generated is retained. For example, the energy consumption 
values may be stored With a counter that identi?es a 
sequence number for each energy consumption value. In 
another embodiment, the energy consumption values may be 
stored in a table in the data store 16, Which may be a random 
access memory, EEPROM, or other memory. In still other 
embodiments, the data store 16 may be circular buffer, FIFO 
device, or other memory that stores data in the order in 
Which it is received. In such cases, no additional data need 
be stored. Other knoWn methods may be used. 

[0029] The communication circuit 18 is a device operable 
to communicate data betWeen the metering unit 12 and one 
or more remote devices. In a system such as that shoWn in 
FIG. 1, the communication circuit 18 Would be operable to 
communicate directly or indirectly With the data concentra 
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tion system 10. To this end, the communication circuit 18 
may suitably include a radio, a telephone modem, a poWer 
line carrier modem, or other knoWn communication device 
con?gured for use With utility meters. 

[0030] The meter display 140, Which is optional, may be 
a digital display such as a liquid crystal display. It Will be 
appreciated that the exact nature of the display is not 
particularly important to the implementation of the inven 
tion. Nevertheless, there is an advantage of including at least 
some display capabilities. LCD displays, moreover, have 
been found to have a particularly advantageous set of 
qualities for use in electronic meters. 

[0031] The chronological clock circuit 130, Which is not 
necessary for the embodiment described beloW in connec 
tion With FIG. 3, is a circuit maintains ongoing chronologi 
cal clock information (eg time of day). Preferably, the 
chronological clock circuit 130 is operable to receive, from 
time to time, system standard chronological time informa 
tion from an external source through the communication 
circuit 18 or otherWise. Such information synchroniZes the 
clock circuit 130 With other clock circuits of other metering 
units and/or the data concentration system 10. The chrono 
logical clock circuit 130 ordinary updates its calendar/clock 
value by referencing timing information from the poWer line 
signal. Such circuits are knoWn in the art, and may be in part 
or in Whole carried out by the processing circuit 120 
hardWare. 

[0032] Referring again to FIG. 1, the data concentration 
system 10 is a device that is operable to receive energy 
consumption information from a plurality of metering units 
12 and store the information. The data concentration system 
10 provides the stored information to a billing system, not 
shoWn, that may or may not be co-located With the data 
concentrator 10. The data concentration system 10 at a 
minimum includes a processing circuit 22 (such as one or 
more microprocessors) and associated circuitry and one or 
more memory or storage devices 24. The data concentration 
system 10 may be con?gured as a data server that provides 
energy consumption information to other computers or 
systems via Wired or Wireless netWorks. Suitable data con 
centrator systems are knoWn in the art. 

[0033] The con?guration of FIG. 1 may be used to carry 
out a variety of methods according to the present invention. 
TWo of such methods are described beloW in relative detail. 
Alterations and modi?cations of those methods are Within 
the scope of the invention. A ?rst method relates to a 
con?guration in Which the metering unit 12 does not per 
form any TOU, demand or load pro?ling operations locally, 
but rather transmits the energy consumption values to the 
data concentration system 10. The data concentration system 
10 then associates the energy consumption values to the 
billing system time periods to obtain TOU, demand and/or 
load pro?ling information. 
[0034] FIG. 3 shoWs a How diagram of an exemplary set 
of operations of the processing circuit 120 of the metering 
unit 12 and the processing circuit 22 of the data concentra 
tion system 10 in accordance With the ?rst method described 
above. In steps 302-308, the processing circuit 120 generates 
energy consumption values corresponding to time intervals 
of the ?rst type, and stores the energy consumption values in 
the data store 16. 

[0035] In particular, the processing circuit 120 in step 302 
obtains energy consumption data representative of energy 
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being consumed by a load. To this end, brief reference is 
made to FIG. 2. In particular, the meter 12 is connected to 
measure poWer ?oWing through poWer lines 96. The mea 
surement circuit 110 generates a digital voltage signal, 
Which preferably is a series of digital samples that represent 
a scaled version of the voltage Waveform(s) on the one or 
more of the poWer lines 96. The measurement circuit 110 
also generates a digital current signal, Which preferably is a 
series of digital samples that represent a scaled version of the 
current Waveform(s) on the one or more of the poWer lines 
96. 

[0036] The processing circuit 120 receives the digital 
voltage and current signals and generates energy consump 
tion data, for example, data representative of kiloWatt-hours 
or the like. The processing circuit 120 optionally provides 
information representative of at least some of the energy 
consumption data to the display 140. Thus, in the embodi 
ment of FIG. 2, the processing circuit 120 in part generates 
the energy consumption data. In other embodiments, a 
separate processing circuit may be used to generate the 
energy consumption data. 

[0037] In step 304, neW energy consumption data is added 
to a running total for a current time interval. The time 
interval is a time interval of the ?rst type, described further 
above, Which is preferably much smaller than a billing time 
interval. In step 306, the processing circuit 120 determines 
Whether the current time interval has expired or passed. If so, 
then in step 308, the processing circuit 120 stores the 
accumulated running total to the data store 16. The accu 
mulated running total represents the energy consumption 
value for the time interval. Once the energy consumption 
value is stored, the processing circuit 120 starts a neW 
running total for the next time interval energy consumption 
value and proceeds to step 310, discussed further beloW. It 
Will be appreciated that the data store 16 preferably stores 
the energy consumption value so as to retain the order in 
Which it Was generated With respect to the other energy 
consumption values of other time intervals. 

[0038] If, hoWever, in step 306 it is determined that the 
current time interval has not expired, then the processing 
circuit 120 returns to step 302 directly to obtain further data 
for the current time interval. 

[0039] It Will be appreciated that the timing for the current 
time interval may be obtained using a timing circuit or 
algorithm Within the processing circuit that is referenced to 
the poWer line signal. For example, the processing circuit 
120 may be con?gured to count Zero crossings of the poWer 
line signal based on the digital voltage measurement signal 
generated by the measurement circuit 110. One-hundred and 
tWenty Zero crossings occur for each second of in a poWer 
line signal. Thus, the beginning and end of each successive 
time interval may be determined by counting the appropriate 
amount of Zero crossings. Because the poWer line signal is 
relatively precise, the duration of the timing intervals of the 
?rst type Will be relatively accurate and consistent. HoW 
ever, the chronological time (eg the actual time of day) 
associated With the timing intervals need not be knoWn, and 
even if knoWn, need not be accurate, Within the metering 
unit 12. 

[0040] In step 310, Which is reached after an energy 
consumption value is stored for a timing interval, the pro 
cessing circuit 120 determines Whether it is time to com 
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municate stored energy consumption values to the data 
concentration system 10. If so, then, in step 312, the pro 
cessing circuit 120 communicates the energy consumption 
values stored in the data store 16 to the processing circuit 22 
of the data concentration system 10. Typically, the process 
ing circuit 120 communicates a plurality of energy con 
sumption values corresponding to a plurality of timing 
intervals of the ?rst type. Under normal circumstance, the 
processing circuit 120 communicates the energy consump 
tion values for all of the timing intervals of the ?rst type that 
have passed since the previous execution of step 312. 

[0041] The communication in step 312 is effected by the 
communication circuit 18 of the meter unit 12, Which 
communicates the data to a compatible communication 
circuit, not shoWn, of the data concentration system 10. The 
processing circuit 120 of the metering unit 12 then returns to 
step 302 to start obtaining neW energy consumption values 
for subsequent time intervals of the ?rst type. 

[0042] If, hoWever, in step 310, the processing circuit 120 
determines that it is not yet time to communicate values to 
the data concentration system 10, then the processing circuit 
120 proceeds directly from step 310 to step 302. 

[0043] It Will be appreciated that the conditional steps 306 
and 310 may suitably be interrupt-driven instead of being 
performed sequentially as shoWn in FIG. 3. In other Words, 
instead of step 306, the processing circuit 120 may instead 
repeat steps 302 and 304 until an interrupt is generated 
indicating that the current timing interval is completed. 
Similarly, instead of step 310, the processing circuit 120 may 
instead repeatedly perform the sequence loop of steps 302, 
304, 306 and 308 until an interrupt is generated indicating 
that it is time to communicate values to the data concentrator 
10. In such a case, the interrupt may be generated by a timer 
Within the processing circuit 120 or as a result of a polling 
signal provided by the data concentrator 10. 

[0044] In any event, referring noW to the data concentrator 
10, the processing circuit 22 of the data concentrator 10 
receives a set of energy consumption values (ECVs) in step 
314. In step 316, the processing circuit 22 preferably obtains 
(internally or from another source) chronological clock 
information (such as the time of day, or some other system 
Wide time value). The processing circuit 22 uses the chro 
nological clock information to associate the ECVs With 
billing time periods. To this end, it Will be appreciated that 
the approximate chronological time for each time period of 
the received ECVs may be determined by estimating the 
chronological time of the most recent ECV and knoWing the 
duration of the time periods of the ?rst type. For eXample, 
if the time intervals of the ?rst type are each ten seconds, and 
if thirty ECVs are received When the locally obtained 
chronological clock information is 10:05:00, then the pro 
cessing circuit 22 can determine that the last of the thirty 
ECVs covers from 10:04:50 to 10:05:00, and that the ?rst of 
the thirty ECVs covers 10:00:00 to 10:00:10. Because the 
thirty ECVs are stored and preferably communicated such 
that the order of their generation may be reproduced, the 
processing circuit 22 can associate each of the ECVs With a 
particular ten second period betWeen 10:00:00 and 10:05:00. 
The processing circuit 22 may then associate the ECVs into 
a particular billing time interval, Which Will likely be in 
eXcess of ?ve minutes. 

[0045] When the processing circuit associates the ECVs 
into a particular billing time interval, the energy consump 
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tion values for the interval may be accumulated to identify 
energy consumption totals for the billing (load pro?ling) 
time interval. Alternatively, in the case of a TOU meter, the 
ECVs may be multiplied by a particular use rate based on the 
associated billing time interval, and then added to a billing 
total for the metering unit 12. 

[0046] Thus, in this embodiment, the processing circuit 22 
maintains the TOU, demand, and/or load pro?ling data for 
the metering unit 12, and preferably for a plurality of other 
metering units. In contrast to a normal TOU, demand or load 
pro?ling meter, the metering unit 12 in this embodiment 
does not perform measurements and then directly associat 
ing energy consumption measurements With a particular 
billing (or load pro?ling) time interval. Instead, the metering 
unit 12 performs measurements to obtain the ECVs for more 
re?ned time intervals, but Which are not necessarily tied to 
an accurate chronological clock. The metering provides 
these ECVs to the data concentrator 10, Which uses accurate 
clock information to back?ll the ECVs into the proper 
billing or load pro?ling interval or period for that meter. 

[0047] FIG. 4 is a representative draWing that illustrates 
an eXemplary performance of steps 314 and 316 by the 
processing circuit 22. FIG. 4 shoWs a plurality of ECVs 402 
received from the metering unit 12, and a plurality of load 
pro?ling time intervals 404 into Which the ECVs 402 are 
mapped. The processing circuit 22 receives the ECVs 402 
and obtains the accurate chronological time information 
406, Which shoWs a time of 5:06. Fifteen ECVs 402a . . . 

4020 are received, and the processing circuit 22 has prior 
knoWledge that the ECVs correspond to timing intervals of 
thirty seconds. The load pro?ling time intervals 404a, 404b 
and 404c are assumed to be ?ve minutes each. 

[0048] The processing circuit 22 determines that the last 
ECV 4020 corresponds to a time of betWeen 5:05:30 and 
5:06:00, Which maps to the load pro?ling interval 404c. The 
processing circuit 22 further determines that the prior ECV 
402n corresponds to a time of betWeen 5:05:00 and 5:05:30, 
Which also maps to the load pro?ling interval 404c. The 
processing circuit 22 further determines that the neXt prior 
ECV 402m corresponds to a time of betWeen 5:04:30 and 
5 :05:00, Which maps to the load pro?ling interval 404b. In 
a similar manner, the processing circuit 22 determines that 
the ECVs 402d-402l all correspond to times of betWeen 
5:00:00 and 5:04:30, and thus map the load pro?ling interval 
404b, and that the ECVs 402a-402c also correspond to times 
of betWeen 4:58:30 and 5:00:00, and thus map the load 
pro?ling interval 404a. 

[0049] Because the eXample is a load pro?ling meter, the 
processing circuit 22 maintains an accumulated energy 
consumption sum for each load pro?ling interval 404x. 
Thus, in the case of ECVs 402a-402c, the processing circuit 
22 Will add the ECVs to an eXisting value for the load 
pro?ling interval 404a, add the ECVs 402d-402m to gener 
ate a value for the load pro?ling interval 404b, and add the 
ECVs 40211 and ECVo to generate a value for the load 
pro?ling interval 404c. Additional ECVs for subsequent 
time intervals Will eventually be added to the load pro?ling 
interval 404c When they are received from the metering unit 
12. 

[0050] Referring again generally to FIG. 3, it Will be 
noted that the processing circuit 22 may provide some 
billing or load pro?ling information back to the metering 
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unit 12, if desired, through additional communications. In 
most cases, the processing circuit 22 instead makes the 
energy consumption information available to billing pro 
cesses and/or systems, or to other systems, not shoWn. 

[0051] The above described embodiment reduces the need 
for a highly accurate calendar clock Within the metering unit 
12. Thus, the metering unit 12 may maintain a less accurate 
chronological clock, if any. There is no need for a highly 
accurate chronological clock because all of the calendar or 
time of day sensitive energy consumption information is 
determined and stored at the data concentrator 10. Never 
theless, the duration of the ECV timing intervals at the 
metering unit 12 can be highly accurate relatively inexpen 
sively by referencing the timing intervals directly or indi 
rectly to the 60HZ AC poWer line signal. 

[0052] It Will be appreciated that the example of FIG. 4 is 
given by Way of illustration only, and Would not typically be 
implemented precisely as shoWn. In particular, in order to 
ensure that the billing (or load pro?ling) interval totals are 
accurate in the data concentrator 10, the timing intervals of 
the ?rst type must have relatively high granularity With 
respect to the billing or load pro?ling intervals. Thus, for 
example, if the de?ned demand interval for a metering unit 
12 is ?ve minutes, then using one minute ECV intervals can 
provide signi?cant error, because as much as half or more of 
every ?fth ECV Would be associated With the Wrong demand 
interval. HoWever, if the metering unit 12 has de?ned TOU 
periods that are no less than 3 hours, then a one minute or 
thirty second ECV interval may subject the calculation to a 
tolerable amount of error. 

[0053] In general, it may be preferable to limit the ECV 
intervals to one second, as they do not necessarily require a 
lot of memory. In particular, if updates to the data concen 
trator 10 are only made every hour, then metering unit 12 
Would only need to store up to approximately 3600 ECVs 
betWeen communications to the concentrator 10. If the 
updates to the data concentrator 10 are only made once per 
day, then the metering unit 12 Would still only have to store 
approximately 86000 ECVs. Such storage in the data store 
16 Would not be exceedingly expensive. 

[0054] It Will be appreciated, hoWever, that those of ordi 
nary skill in the art may readily determine their oWn com 
bination of ECV intervals and the time betWeen communi 
cations to the data concentrator based on billing time 
intervals, metering error, accuracy requirements and other 
factors. 

[0055] In another embodiment of the invention, the meter 
ing unit 12 is con?gured to maintain a local chronological 
clock (130) and generate TOU, demand and/or load pro?ling 
information locally Within the metering unit 12. HoWever, 
after a poWer interruption, the metering unit 12 performs 
operations similar to those of FIG. 3 to enable the metering 
unit 12 to obtain accurate TOU, demand and/or load pro?l 
ing information immediately after poWer is restored. 
[0056] FIG. 5 illustrates an exemplary set of steps per 
formed by the processing circuit 120 of the metering unit 12 
in this other embodiment of the invention. In such an 
embodiment, the processing circuit 120 includes the chro 
nological clock circuit 130. The clock circuit 130 from time 
to time receives a standard time reference from a remote 
source, such as the data concentrator 10, another meter, or 
the like. Such meter processing circuits and clock calendar 
circuits are knoWn. 
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[0057] Referring noW to FIG. 5, in step 502, the process 
ing circuit 120 obtains energy consumption data. Step 502 
may suitably be the same as step 302 of FIG. 3. In step 504, 
the processing circuit 120 updates running energy consump 
tion totals. Such totals typically include overall energy 
consumption, plus one of a TOU total (rate * energy 
consumption, Where the rate is dependent on the time of day, 
Week, month or season), a demand period total, or a load 
pro?ling period total. Such operations are Well knoWn in the 
art. The timing information for the various TOU, demand 
and load pro?ling operations is provided by the clock 
calendar circuit or operations of the processing circuit 120. 
The processing circuit 120 repeats steps 502 and 504 in the 
absence of a poWer interruption. 

[0058] Assume that an interruption in poWer occurs. In 
step 506, the processing circuit 120 in this embodiment goes 
into a loW poWer mode in Which it maintains a counter that 
counts clock cycles of the interruption. The loW poWer mode 
may be poWered by a battery or a supercapacitor or ultra 
capacitor. Processors having the ability to operate in such a 
loWer poWer mode are knoWn in the metering art. Alterna 
tively, the processing circuit 120 may shut doWn altogether, 
as Would occur in the event of an extended poWer outage 

anyWay. 

[0059] Eventually, the utility poWer is restored. In step 
508, the processing circuit 120 detects the restoration of 
poWer. After step 508, the processing circuit 120 in step 510 
begins obtaining energy consumption data in a manner 
similar to step 502. The processing circuit 120 also starts a 
timing interval of the ?rst type similar to that described 
above in connection With FIG. 3. 

[0060] In step 512, neW energy consumption data is added 
to a running total for a current time interval of the ?rst type. 
As discussed above, the time interval of the ?rst type is 
preferably much smaller than the TOU, demand or load 
pro?ling time interval of the metering unit 12. In step 514, 
the processing circuit 120 determines Whether the current 
time interval has expired or passed. If so, then in step 516, 
the processing circuit 120 stores the accumulated interval 
running total to the data store 16 similar to step 308 of FIG. 
3. In any event, once the energy consumption value is stored, 
the processing circuit 120 starts a neW running total for the 
next time interval energy consumption value and proceeds to 
step 518, discussed further beloW. 

[0061] If, hoWever, in step 514 it is determined that the 
current time interval has not expired, then the processing 
circuit 120 returns to step 510 directly to obtain further data 
for the current time interval. 

[0062] The start and stop times for each time interval may 
be obtained using a timing circuit or algorithm Within the 
processing circuit that is referenced to the AC poWer line 
signal. It is advantageous to use the poWer lines as the 
reference in most embodiments in order to reduce the 
accuracy requirements of the clock circuit 130 Within the 
metering unit 12. 

[0063] In step 518, the processing circuit 120 determines 
Whether it has received standard or system chronological 
clock synchroniZation information from an external source. 
In particular, after restoration, data concentrator 10 or 
another external system Will eventually provide current 
standard clock information to the metering unit 12 through 
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communication circuit 18 to allow the metering unit 12 to 
synchronize to a standard time reference. If such standard 
clock information has not been received, then processing 
circuit 120 returns to step 510 to accumulate energy con 
sumption data for a neW timing interval. 

[0064] If synchroniZing clock information has been 
received, hoWever, then the processing circuit 120 returns to 
step 502 to begin normal processes, but also performs step 
520 in parallel (i.e. interleaved or otherWise). In step 520, the 
processing circuit 120 uses the chronological clock infor 
mation to associate the ECVs generated and stored in steps 
512 and 514 With appropriate billing time periods. Step 520 
is thus similar to step 316 of FIG. 3, except that it is 
performed by the processing circuit 120 of the metering unit 
12 in FIG. 5. As With step 316 of FIG. 3, the approximate 
chronological time for each time period of the received 
ECVs may be determined by estimating the chronological 
time of the most recent ECV and knoWing the duration of the 
time periods of the ?rst type. 

[0065] Thus, in this embodiment, the processing circuit 
120 of the metering unit 12 maintains its oWn TOU, demand, 
and/or load pro?ling data. HoWever, the processing circuit 
120 uses a method similar to that illustrated in FIG. 3 to 
temporarily store time interval energy consumption data 
after a poWer interruption until the clock of the metering unit 
12 can be resynchroniZed to a time standard. Once the 
standard clock information is made available to the metering 
unit 12, back?lls the ECVs into the proper billing or load 
pro?ling intervals or periods. 

[0066] The embodiment of FIG. 5 thus alloWs for the use 
of a chronological clock circuit Within a meter that does not 
require a highly accurate crystal driver. Using the poWer line 
signal, the chronological clock circuit 130 Will keep rela 
tively accurate time until a poWer interruption. After poWer 
is restored, the chronological clock circuit 130 Within the 
metering unit 12 may have an inaccurate chronological 
clock reference (i.e. Wrong time of day) or may have no 
chronological clock reference, similar to a VCR or elec 
tronic clock that ?ashes 12:00 am. HoWever, because energy 
consumption values are stored in accurate increments of 
time (based on the poWer line signal), the metering unit 12 
may operate for minutes or hours Without a standard syn 
chroniZing chronological clock reference. Once the refer 
ence is received, the processing circuit 120 merely back?lls 
the ECVs generated Without the chronological clock into the 
proper billing intervals once the clock circuit is resynchro 
niZed. 

[0067] The above described embodiments are merely 
exemplary. Those of ordinary skill in the art may readily 
devise their oWn implementations that incorporate the prin 
ciples of the present invention and fall Within the spirit and 
scope thereof. 

I claim: 
1. Amethod of associating chronological time With energy 

consumption, comprising: 
a) storing in a utility meter a plurality of energy con 

sumption values, each energy consumption value cor 
responding to a time interval of a ?rst type; 

b) obtaining from a source external to the utility meter 
chronological time information regarding one of the 
plurality of energy consumption values, 
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c) associating each of the energy consumption values With 
a time interval of the second type, each time interval of 
the second type associated With at least one chrono 
logical time value. 

2. The method of claim 1, further comprising: 

d) accumulating, for each time interval of the second type, 
energy consumption values associated With each chro 
nological time value. 

3. The method of claim 1, Wherein step a) further com 
prises: 

storing the plurality of energy consumption values in a 
manner such that a time order in Which the energy 
consumption values Were created may be reproduced. 

4. The method of claim 1, Wherein step c) further com 
prises associating each of the energy consumption values 
With the time interval of the second type at a device external 
from the meter. 

5. The method of claim 1, Wherein step c) further com 
prises associating each of the energy consumption values 
With the time interval of the second type Within the meter. 

6. The method of claim 1, further comprising: 

performing step a) only after an interruption of poWer to 
the meter. 

7. The method of claim 1, Wherein each time interval of 
the ?rst type has a ?rst duration and each time interval of the 
second type has a second duration, the ?rst duration less than 
the second duration. 

8. The method of claim 7, Wherein the ?rst duration is less 
than one minute. 

9. The method of claim 8, Wherein the second duration is 
more than ?ve minutes. 

10. An arrangement for associating chronological time 
With energy consumption, comprising: 

a measurement circuit operable to generate energy con 
sumption data, and further operable to provide the 
energy consumption data to the processing circuit; 

a processing circuit operable to: 

obtain the energy consumption data, and generate 
energy consumption values based thereon, each 
energy consumption value corresponding to a time 
interval of a ?rst type; 

store in a utility meter the plurality of energy consump 
tion values; 

obtain from a source external to the utility meter 
chronological time information regarding one of the 
plurality of energy consumption values, 

associate each of the energy consumption values With 
a time interval of the second type, each time interval 
of the second type associated With at least one 
chronological time value. 

11. The arrangement of claim 10, Wherein the energy 
consumption consumption data is representative of energy 
consumption for a time interval of a third type. 

12. The arrangement of claim 10, Wherein the processing 
circuit is further operable to accumulate, for each time 
interval of the second type, energy consumption values 
associated With each chronological time value. 

13. The arrangement of claim 10, Wherein the processing 
circuit is further operable to store the plurality of energy 
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consumption values in a manner such that a time order in 
Which the energy consumption values Were created may be 
reproduced. 

14. The arrangement of claim 10, Wherein each time 
interval of the ?rst type has a ?rst duration and each time 
interval of the second type has a second duration, the ?rst 
duration less than the second duration. 

15. The arrangement of claim 14, Wherein the ?rst dura 
tion is less than one minute. 

16. The arrangement of claim 15, Wherein the second 
duration is more than ?ve minutes. 

17. An arrangement for associating chronological time 
With energy consumption, comprising: 

a ?rst processing circuit operable to generate a plurality of 
energy consumption values, each energy consumption 
value corresponding to a time interval of a ?rst type, the 
?rst processing circuit further operable to store the 
plurality of energy consumption values Within a utility 
meter, the ?rst processing circuit further operable to 
cause the stored plurality of energy consumption values 
to be communicated external to the utility meter; 

a second processing circuit operable to receive the stored 
plurality of energy consumption values, the second 
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processing circuit operable to associate each of the 
energy consumption values With a time interval of the 
second type, each time interval of the second type 
associated With at least one chronological time value. 

18. The arrangement of claim 17, Wherein the second 
processing circuit is further operable to accumulate, for each 
time interval of the second type, energy consumption values 
associated With each chronological time value. 

19. The arrangement of claim 17, Wherein the ?rst pro 
cessing circuit is further operable to communicate the plu 
rality of energy consumption values in a manner such that a 
time order in Which the energy consumption values Were 
created may be reproduced. 

20. The arrangement of claim 17, Wherein each time 
interval of the ?rst type has a ?rst duration and each time 
interval of the second type has a second duration, the ?rst 
duration less than the second duration. 

21. The arrangement of claim 20, Wherein the ?rst dura 
tion is less than one minute. 

22. The arrangement of claim 21, Wherein the second 
duration is more than ?ve minutes. 


