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A METERI NG SYSTEM Background of the Invention 5
The present invention relates to netering systens, and, in particular,
to distributed netering systens using Wi rel ess conmuni cat |

: : : 7101042
Metering is tMWOPEMSdi c measurenment of a paraneter at multiple

| ocati ons. For exanple, utility 10 conpanies neter the natural gas,

electricity and water consuned by househol ds. The col |l ection
of data froma netering systemis usual |y perfornmed by physical

I nspection of individual meters. For exanple, in residential areas,
electrical 15 utility conpanies use el ectronechanical neters with

rotating disks to neasure the consunption of electricity. El ectri cal
utility conpanies send a "neter r%§i§ﬁ§¥§§E5§§5§é rd the neter measurenent
about- once a nont h. Met eri ng of y wat er i s handl ed

simlarly. 20 Uility conpanies often wish to charge different

rates at different tines. Forpgy Whd BF HhecCthveation Utility conpany nmay

wi sh 'to charge higher pates durrn ea urs of__consunption, e.q., the
morni ng and Bveni ng. e presenk gnvengaon réiates to metering sYsteﬁ%,

and, in particular, to distributed metering systems using
wireless communication.

Metering is the periodic measurement of a
parameter at multiple locations. For example, utility

10 companies meter the natural gas, electricity and water
consumed by households.

The collection of data from a metering system is
usually performed by physical inspection of individual
meters. For example, in residential areas, electrical

15 utility companies use electromechanical meters with
rotating disks to measure the consumption of electricity.
Electrical utility companies send a "meter reader“ﬁto
record the meter measurement about once a month.

Metering of natural gas and water is handled similarly.

20 , Utility companies often wish to charge different
rates at different times. For example, an electrical
utility company may wish to charge higher rates during
peak hours of consumption, e.g., the morning and evening.
In addition, electrical utility companies may wish to

25 apply a penalty if a consumer exceeds a certain limit
within a particular period of time. Unfortunately,
electromechanical meters do not permit this objective to
be achieved because they show only the cumulative
consumption of electricity at the time of inspection.

30 The general ability to provide information about
the history of a parameter at the time of inspection,
e.g., something other than a cumulative total, will be
referred to as profiled metering. Two basic approaches
have been used to provide profiled metering.



In addition, electrical utility conpanies may wish to 25 apply a penalty if
a consuner exceeds a certain limf} HiS i:%# s?l#gé I cul ar period of tine.
K

Unfortunately, el ectromechani ch ermt this objective to

be achi eved because they show onl Lve consunpti on of
electricity wWORe66i ne of | nspect i on. — The gener®fTEgSIMI0Z, ¢ o
provi de information about t he hlstory of a paraneter at the tinme of

i nspecti on, e.g., sonething other than a cunulative total, wll be
referred to as profiled nmetering. Two baS| c appr oaches have been used to
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probl em wi t h éﬂ%ﬁﬁmﬂﬁﬁxﬁuﬂﬁ%ﬁﬁteﬁeFEQéngr dépending on an internal

clock. Again, the contents of the registers are
collected by physical inspection. Unfortunately, these

10 complex meters are expensive and unreliable. 1In
particular, after a power failure, the clock will differ
from real time and an incorrect register may be
incremented.

Another problem with electromechanical meters is

15 that meter measurements need to be gathered by physical
inspection by "meter readers". The physical inspection
of meters by is expensive. An automated system to
electronically transmit metering information could
provide considerable cost savings. However, a

20 residential community may have tens or hundreds of
thousands of meters. Even with computers, the
simultaneous monitoring of tens of thousands of meters by
a central computer system is difficult.

u f the Inventi

25 In general, in one aspect, the invention provides
a metering system having multiple telemetry devices and
multiple collection devices. There are fewer collection
devices than telemetry devices. The telemetry devices
include a sensor to measure a parameter to generate

30 measurements, a memory configured to store the
measurements, and a transmitter to transmit the stored
measurements to a collection device at transmission
times. Each measurement is transmitted at a plurality of
different transmission times. The collection devices

heet:Has Been Replaced -

"l



that nmeter neasurenents need to be gathered by physical inspection by
"meter readers". The physical inspection of neters by is expensive. An
automated systemto electronically transmt netering information could
provi de consi derabl e cost savings. However, a residential c L1082
have tens or womte#6 of thousands of nmeters. Even with conputers, the

si mul t aneous nonitoring of tens of thousands of neters by a central
conputer systemis difficult. Summary of the Invention
In general, in one aspect, the invention provides a netering system having
mul tiple telemetry devices and nultiple~cdllection devices. There are fewer

col
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PCT/ US97/ 010=l2parameter, and a transmitter to transmit the metered
function to a monitoring station.
The sensor of the metering system may include a
. counter to store a value, a means for incrementing the
counter upon receipt of a trigger signal, and a means for
10 storing the value from the pulse counter in the telemetry
device memory and resetting the pulse counter at each
measurement time. The telemetry device memory may store
eighteen measurements, and may discard old measurements
and store new measurements. The telemetry device may
15 include a measurement timer for a set interval, such as
2.5 minutes, to trigger a measurement time at its
expiration. A power failure may trigger a measurement.
The telemetry device may store and increment a sequence
counter, and detect power failures. The collection
20 device memory may be configured to store a plurality of
objects, each representing a telemetry device. Each
collection device may include a means for determining and
storing a time of receipt for each transmission. The
metering function may be a load profile, a time-of-use
25 profile or a demand profile. The parameter may be
electrical power, fluid flow, voltage, current,
temperature, pressure, or humidity.
In general, in another aspect, the invention
provides a method of metering. A parameter is measured
30 with a telemetry device to generate measurements and a
plurality of measurements are stored in the telemetry
device. The measurements are transmitted to a collection
device at a transmission times. The measurements are
extracted from the transmissions, and are analyzed to



I ncludes a receiver to receive transm ssions fromthe tel enetry devices,
a processor for extracting the measurenents fromthe transm ssions "and
anal yzing the nmeasurenents to generate a netered function of the 5
paranmeter, and a transmtter to transmt the netered function to a

moni tori ng Swa972466 The sensor of the netering syBEHHIN@INE ncl ude
a counter to store a value, a neans for increnenting the count er upon
receipt of a trigger signal, and a neans for 10 storing the value fromthe
pul se counter in the telenetry device nmenory and resetting the pul se
counter at each measurenent tinme. Thettelenetry device nmenory may store
ei ght een neasurenents, and ng% di scard ol d neasurenents and store new

measur enent s JeNeFatel anBeEgred FRRetign of thel pavasek®asurient tiner for a
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I n anaq
provi des a.rnﬂqﬂRFQHlenéPéﬁlﬂ§r§§£¥a?éuﬂﬁé;l iPB8sured 30 with a telemetry
devi ce tol@enerate nkddifiona ohjegts and pfvastiges oif mbesdneesbisnare

stored in the.dpl eeider fortﬁeweheT&eséﬁ%%%mnaéhafsna@@sraﬂé ed to a
nmeasurenents are

xtract ed 11 it HAFY peidnPes PRRIOUS 4FGh hkn depFaqpEgon, of may be
learned by practice of the invention. The objects and
advantages of the invention may be realized by means of
15 the instrumentalities and combinations particularly
pointed out in the claims.

Brief Description of the Drawing
The accompanying drawings, which are incorporated
in and constitute a part of the specification,

20 schematically illustrate a preferred embodiment of the
invention, and together with the general description
given above and the detailed description of the preferred
embodiment given below, serve to explain the principles
of the invention.

25 FIG. 1 is a schematic diagram of a metering system
according to the present invention.

FIG. 2 is a schematic diagram of a meter of FIG.

FIG. 3 is a schematic illustration of a sensor
30 used in the meter of FIG. 2.
FIG. 4 is a schematic illustration of the contents
of the memory of the meter of FIG. 2.
FIG. 5A is a flowchart showing the steps performed
by the meter of FIG. 2 upon powering up.
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-4- generate a netered function of the paraneter. The net er ed
function is transmtted to a nonitoring station. - The advant ages
of the invention include the foll owi ng. The netering syst fgoVvi de
profiled 5 newor9a%#64i t hout physical inspection of the |nd|v1‘3(§'l i nmeters
and uses wireless communication to transm:t I nformation. In addition,
the netering systemis cost- effective, reliable, resistant to power
failures, and adaptable to a variety gf applications. 10

Addi ti onal objects and advantages of theZinvention will be set forth in

the description whi chl bae 2N oucidked Ulowtb! rhie ALy drcatiehe

description, or nay be earn practice o

t he |nven%|on The objects
and advant &Ue‘s‘hﬁfm?ﬁ%rl?ﬁ/eﬁﬂq'oﬁ Hﬁ?nbﬁe?%jaﬂ"'rz%% HPWHEENETEP 35 the
i nst runment al | kefiBognd conbi nations particularly poi nted out in the

¢l ai ns. %L&Ef anf&ﬁétP&ftO%hg)tuhBetQéag\ﬁ performed INe

acconpanyi ng dramnngs are 1ncorporat in and constltute a part
of the spechf b(z’th@nmeQﬁrs%ﬁeﬁ‘Feﬁ-l c?alaltytPPI fxPiraion Rlefdr ABReENBLdI nent of
t he I nvent ik@mexrand together with the general description gi ven above

and the detall ed desgfé) .t is%n i%f at Qfov%l‘?af,zetr rs%%wing the steps performed
by the meter of FIG. 2 at the expiration of an alignment
timer.

10 FIG. 5E is a flowchart showing the steps performed
by the meter of FIG. 2 upon detection of a power failure.

FIG. 6 is a schematic diagram showing the format
of transmissions sent from a meter to a collector in the
metering system of FIG. 1.

15 FIG. 7 is a schematic graph of a series of
measurements and transmissions by a meter of the present
invention.

FIG. 8 is a schematic diagram of a collector in
the metering system of FIG. 1. .

20 FIG. 9 is a schematic illustration of the contents
of the memory of the collector of FIG. 8.

FIG. 10 is a schematic illustration of the
'relationship between two successive transmissions by a
meter.

25 FIG. 11 is a schematic illustration of five
possible combinations of missing intervals and power
failures in two successive transmissions by a meter.

FIG. 12 is a flowchart showing the step performed
by the collector of FIG. 8 to extract a series of

30 measurements from a sequence of transmissions by a meter.

FIG. 13 schematically illustrates a load profile
metering function.

FIG. 14A is a schematic illustration of a schedule
for a time-of-use function.



enbodi nent gi ven bel ow, serve to explain the principles of the

I nvention. 25 FIG 1 is a schematic diagramof a netering system
according to the present invention. FIG 2 is a schemtic

di agram of a neter of FIG 1. FIG 3 is a schematic

i || ustrati onwof97a94seénsor 30 used in the neter of FIG 2. PCI/USYIOIMY| G 4
Is a schematic illustration of the contents of the nmenory of the neter
of FIG 2. FIG 5A is a flowhart show ng the steps perforned
by the neter of FIG 2 upon powering up. WO 97/ 29466
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oo o oo ooy i, LR R e BALGBG L ufG e 0T
showi ng the stisws-qgfendser fedciby.the nmeter of FIG 2 at the expiration of
an interval  tiMerpsg. 1sa schenBhGealByl #18uitAGHAT! 1IRAK RENLAG StePs

per f or med Qg the neter at e explration o an al 1 gnnment
timer. 10 ot “Q9E1P§ -a flowchart showi ng the steps perforned
5 FIG 15B schematically illustrates a rolling

demand profile function.

Description of the Preferred Embodiment (s)
A metering or data collection system according to
the present invention may be used in a variety of
10 applications, such as utility metering, manufacturing
control, traffic monitoring, and meteorological data
gathering. As shown in FIG. 1, a metering system or
network 10 has at least three functional levels: a
measurement level 12, a collection level 14, and a
15 monitoring level 16. The measurement level 12
periodically measures a parameter at multiple locations.
Possible parameters include electricity usage (kilowatt-
hours), natural gas flow (cubic feet), water flow (cubic
feet), temperature (°C), pressure (Torr}, humidity
20 (partial pressure), wind speed (miles per hour),
precipitation (inches), voltage (volts), and current
(amperes). The collection level 14 analyzes the periodic
measurements to generate a metered function of the
parameter at each location. The metered function
25 information could be the minimum, maximum or average
value of the parameter over a certain time period. The
monitoring level 16 controls the collection level 14 and
receives the metered function information. The operator
of metering system 10 determines how monitoring level 16
30 uses the metered function information. _
Measurement level 12 includes meters or telemetry
devices 20a-20k to measure the parameter of interest and
transmit the measurement to collection level 14.
Although FIG. 1 shows only eleven meters, measurement



by the neter of FIG 2 upon detection of a power failure. FIG 6
Is a schematic di agram show ng the fornmat of transm ssions sent froma
et er tﬁ a collector in the netering systemof FIG 1. 15 FIG 7
Is a schematic graph of a series of measur enents and traqﬁgki?+ by a
meter of the WO=389M66 I nventi on. FIG 8 is a schenma |’60mg a)g;ram
of a collector in the metering systemof FIG 1. 20 FIG 9 is a
schematic illustration of the contents of the nmenory of the collector of
FIG 8. FIG 10 is a schematic_ illustration of the

rel ati onshi p between two successive tranhshissions by a nmeter. 25

FIG 11 is a schematic illustration af five p ' ' I ons of

m ssi ng i nt er €4 68%@5 1ngi%§%Lﬁh§?ﬁﬁ? w8rs§§§%g%§%e { agéiissions by
a meter. thousan@sGofl fekera. f | Bow eatiersharengocaeed tag apvigesed

by the col | ectgsy of dahleicihe 8¥blfsitforber iFoy ekamPlepamielavtizichliom a

st rat es = Vomiityr cempeny Soffachlage apromessy of edch SARE R, Y, |
schemati ¢ i I8 usésidentriadf neigbherbbed to nemsuxet ehectficrk €naray on.
WO 97/29466 consumption. As described below, eacBCEéH§9KﬁQﬂQﬁ?
constructed similarly. _
Collection level 14 includes collectors 22a-22c.
The collectors are located to receive transmissions from
10 the meters. Each collector analyzes the periodic
measurements by one or more meters to generate a metered
function. For example, an electrical utility company
could configure the collectors to determine the
electricity consumed each hour over the last twenty-four
15 hours, the total amount of electricity consumed between 6
p.m. and 8 p.m. over the last month, and the time of peak
electricity consumption in the previous day, at each
house in a residential neighborhood. _
Monitoring level 16 should include a monitoring
20 station 26, e.g., a computer, to receive, store, and
manipulate the metered functions. The functions of
monitoring level 16 depend upon the intended application
for metering system 10. For example, an electrical
utility company could use monitoring level 16 to generate
25 a billing for each house in a residential neighborhood at
the end of each month.
Each meter 20a-20k in metering level 12
periodically sends its measurements to collection level
14 by means of transmissions 24. These transmissions 24
30 may be any sort of wireless signals, such as radio
frequency, microwave, or infrared signals. . Each
collector receives transmissions from one or more meters.
For example, collector 22a may receive transmissions from
meters 20a-20d. A collector may receive transmissions
35 from fifty to one thousand meters, more preferably two



-6- FIG 14B is a schematic illustration of bins for a

ti me-of -use function. FI G 15A schematically illustrates a-bl ock
demand profile function. 5 FIG 15B schematically illustrates a
rolling demand profile function. Description of the
Preferred Enpasidmmeass(s) A netering or data col | cRETESP7T9I42 em
according to the present invention may be used in a variety of 10
applications, such as utility nmetering, nmanufacturing control, traffic
nonitoring, and neteorol ogi cal data gathering. As shown in FIG 1, a
metering system or network 10 has at 8east three functional levels: a

measurenment |evel 12, a collection level 14, and a 15 nonitoring level 16.
The neasur enepindzsce|to £five bupfsed ceeterasreafinchs colpaeepetand dttsul tipl e
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neasurenents to generate a net %red uncti on, of .t he gararreter at each
| ocati on. ThePTE g3 FHEeTsRt 5 and ¢ brapami, they FE2gUCeRe™ s k%um  maxi mum
or average cohlertisn tlevregdaddneter over a certain tinme period. The

moni toring level 16 . ol e eceives the
nmet ered functiopn, i nf%?Eh??%eﬁffrkﬁqué rat oreﬂl& %?L?r%td%ﬁl%gts?%t'em 10
} kpYedv e v Y

det ermi nes hofPHBRFEHAT Reuds, hundreds or  Faeysands
informati ard of collectoiddasiepemdntgl epeth tlie imubedceofmpetessaint el enetry

devi ces 20a- 2fky Lpi AR 1L PRLITBLESrOT2d UL Torflflicate with
monitoring station 26 in monitoring level 16 by two-way
wired or wireless transmissions 28. Preferably, for
wireless communication, some or all of the collectors are

15 elevated, e.g., placed on a telephone pole, to facilitate
the reception of transmissions from meters 20a-20k and
monitoring station 26. :

Relative to measurement level 12, collection level
14 is "intelligent". As will be explained below,

20 collection devices 22a-22c have sufficient processing
power to extract useful information, e.g., profiled
metering information, from the measurements. The
concentration of intelligence in collection level 14
permits the use of inexpensive meters 20a-20k in

25 measurement level 12.

Referring to FIG. 2, each meter, e.g., meter 20a,
includes a microprocessor 30, a parameter sensor 32, a
power supply 34, a clock 36, a memory 38, and a
transmitter 40. Transmitter 40 is preferably a spread

30 spectrum transmitter. Memory 38 includes several
registers 42 and a pulse counter 44. Registers 42 and
counter 44 store measurements from sensor 32. Referring
to FIG. 4, in one embodiment of meter 20a, memory 38 has
eighteen registers 42-0 through 42-17. Memory 38 is

35 constructed of non-volatile memory devices, such as



transmt the nmeasurenment to collection |evel 14. Al t hough FIG 1 shows

only el even neters, neasurenent WO 97/ 29466

PCT/ US97/ 01042 co-T- | evel 12 could

i ncl ude thousands or even hundreds of thousands of meter spelh, rs
are | ocated awo¥gMesed for a particular application. For exanpﬁgﬁfan
el ectrical utility conpany could place one neter at each house in a 5
residential nei ghborhood to neasure el ectrical energy consunption. As
descri bed bel ow, each neter may be constructed simlarly.

Col l ection level 14 includes col | ectors~22a22c. The coll ectors are

| ocated to receive.t.ransn ssion r 0 3 S ahiEAC ct

anal yzes the p%??%) %? pf&%? gﬁ?éﬁéﬁg%&%fngﬁg“%?bggnghﬁégep?ﬁg%hgéng%%te a
met er ed f uncharetausd @easprements ke tatc Aosgt LEi POWeB#RERLY 34coul d
configure the ggi{{gctors to determ ne the el ectricity consunmed each hour

consuned betveen 6 MBERF 39 Bt 508 PRESTRSEE finch o XAG% RE ti e of
peak - el ed rineasyreraurigmesn i Ant herpakireratden, agpekakdme house in a
residential nejghbprdwosl. | such as 2.3bRirhdds)dskpuehtdd sdvtul d i nclude a
moni toring 20 SLAll o 2% Sk, ReEQIPHOS cad b HebleiGureh O find'ds
a pulse accumulator meter or as a sampling meter. 1In the
pulse accumulator mode, sensor 32 is triggered by a
10 change in the parameter. Each time that sensor 32 is
triggered, the sensor sends a pulse to processor 30. In
response to the pulse, processor 30 increments counter
44. At the expiration of time interval T,,, as measured
by clock 36, the content of counter 44 is stored in a
15 register and the counter is cleared. 1In the sampling
mode, sensor 32 does not automatically send signals to
processor 30 when the parameter changes. Instead, sensor
32 continuously monitors the parameter, and processor 30
periodically, e.g., at the expiration of time interval
20 T,,.. samples the sensor to receive a measurement.
Processor 30 stores the measurement in counter 44.
Whether configured as a pulse accumulator meter or
a sampling meter, the measurements by sensor 32 are
stored in memory 38. At the expiration of time interval
25 T,,., processor 30 discards the oldest measurement stored
by register set 42 and places the newest measurement from
counter 44 into the empty register. 1In one embodiment,.
processor 30 shifts the contents the registers to move
the contents of register 42-0 into register 42-1, the
30 contents of register 42-1 into register 42-2, and so on
(this discards the previous contents of register 42-17).
Then the processor places the contents of counter 44 into
register 42-0, and clears the pulse counter. Naturally,
other embodiments, such as the use of a pointer or look-
35 up chart to the stored measurements, are possible.



mani pul ate the nmetered functions. The functions of monitoring |level 16
depend upon the intended application for metering system 10. For
exanpl e, an electrical utility conpany could use nonitoring level 16 to
generate 25 a billing for each house in a residential neighborhood at

the end of esdomzassh. Each meter 20a-20k in net BETHSPTOMMZ| 12
periodically sends its neasurenents to collection |evel 14 by neans of
transm ssions 24. These transm ssions 24 30 may be any sort of wrel ess
signals, such as radio frequency, mcrowave, or infrared signals. Each
col l ector receives transm ssions from-ork® ot nore neters. For exanpl e,
coll ector 22a mmy receive transm ssions from meters 20a-20d. A
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FIG 1 shows BrPgesgpeat igugesotyansmitter 40 to transmit the

' contents of registers 42-0 through 42-17 to collector
22a.

10 In one embodiment, a pulse-accumulator meter is
retrofit to an existing electromechanical meter used by
most electrical utility companies. Electromechanical
meters use the flow of electricity to rotate a metal
disk. The disk turns dials on the meter register to show

15 the total consumption of electricity. _

Referring to FIG. 3, in an electromechanical
meter, a shaft 46 projects from the center of a rotating
meter disk 48. To retrofit the electromechanical meter,
one or more interrupter blades 50 are attached to shaft

20 46 to project radially from shaft 46 and rotate with disk
48. Three blades are used in a preferred configuration.

In one configuration, sensor 32 includes optical
sensors and a rotation detector which sends a pulse to
processor 30 each time the disk makes a complete

25 rotation. Right and left optical sensors 52a and 52b
each include an LED 53 above the plane of the interrupter
blades, and a photodiode 54 below the plane of the
interrupter blades. When an interrupter blade moves
between the LED and the photodiode, no light from the LED

30 can reach the photodiode, and the sensor detects the
presence of the blade.

Sensor 32 may include a rotation detector 56 to
detect the forward rotation of the interrupter blades.

By comparing the order in which the optical sensors are

35 activated, the rotational direction of the blade can be



collection level 14 could include hundreds or thousands 10 of collectors,

dependi ng upon the nunber of neters in netering | evel 12. Collectors
22a-22c comruni cate with nonitoring station 26 in nonitoring |level 16 by
t wo- way wired or wireless transm ssions 28. Preferably, f msst | ess
communi cat i onwoswRM6er all of the collectors are 15 el evat ecr?ﬁ.e. g., pﬁeaced
on a tel ephone pole, to facilitate the reception of transm ssions from
nmet ers 20a-20k and nonitoring station 26. Rel ative to
measurenent |evel 12, collection |evel 14 is "intelligent". As will be

expl ai ned bel ow, 20 collection devices 234 22c have sufficient processing

power to extragt useful. informatio e.. -pr.of | ld-1Q
i nformation, f %ﬁ%@e&asgpﬁnﬁﬁ?@%he& flggﬁcgagg%t?%ﬁzfe d|2)r%t'eﬁﬂ|dgence in
col l ection | evidlenideft pensprs52hedekretofthenpxpeanre ched &ladegathgk in 25

measur ement | eylgel3s rotating cl&@hwidd .NY SedsbkCa2 Znapaatbdai®ilude J.
nmet er 20a, I [ udes a mcr ter, sensor. 3 a

power supply 3D°ladq GORnEETr gg:w’gﬁﬁ‘fso’g%%%ﬁ:ﬁamggg:ggf?ﬁﬁg %P 4(2)
Transm tt er S40Edrwauce fratablipnaocs prhedeBBiss joc detactedns ifheretheVenory 38
counter 44 st e e o S e b o e 4 T
one enbodi ment@Faghadk o Fhe ﬁ\{}ﬁng %BE rotatigp 8tng’.r%}§iéq &8 40.0
t hrough 42- 17. cddanrred .38 Sensdy 32nshemciadisoa pudseotat precessmr B0devi ces,
Eg/hugg7 /010 42to iﬁ/g}e?rﬁra:g%@gnter 44 and resets blade counter 58. The
10 circuitry of rotation detector 56 and blade counter 58
may be combined with processor 30 and memory 38.
The configuration of meter 20a as a pulse _
accumulator meter or as a sampling meter will depend on
the intended application of metering system 10.
15 Similarly, many sorts of sensors could be used with the
present invention, depending on the application of
metering system 10. For example, in a traffic monitoring
system, a pulse accumulator meter could be used to count
the number of automobiles that travel over a particular
20 road. Such a pulse accumulator meter could use a
pneumatic line as the sensor. As another example, in a
weather monitoring system, a sampling wmeter could be used
to periodically sample the atmospheric temperature. Such
a sampling meter could use a thermocouple as the sensor.
25 As shown in FIG. 4, in both the pulse accumulator
mode and the sampling mode, memory 38 of meter 20a
includes an interval timer 60, an alignment timer 62, and
various constants and variables used by processor 30.
Interval timer 60 is driven by clock 36 to count down the
30 time between each measurement time, i.e., time interxrval
Tie. Similarly, alignment timer 62 is driven by clock 36
to count down a delay time between a measurement time and
a transmission time. The timers, constants and variables
are used by processor 30 to accumulate periodic
35 measurements from sensor 32 and transmit those



-9- er asabl e programmabl e read-only-nenory chi ps ( EPROVS), sb t hat

stored neasurenents are not lost if power supply 34 fails.

Met er 20a nmeasures the paraneter at a series of 5 nmeasurenent tines. |In
normal operation a set tine interval T[err], such as 2.5 m nutes,
separ at es eawporoeasur ement tine. Meter 20a can be conflgtﬂw!'@ot"%r as
a pul se accunul ator neter or as a sanpling neter. In the pul se
accurul at or node, sensor 32 is triggered by a 10 change in the paraneter
Each tinme that sensor 32 is triggered, the sensor sends a pulse to
processor 30. In response to the pul 3@, -processor 30 increnents counter
44, At the expiration of tinme interval T[err], as neasured by cl ock 36,

the content ofeasyrementgitpscallinekpyt 224,188y Uél%tbq? exrlainedc bedowr s
cleared. In mq_mmgrgﬁce tHOEEGS S HE.32 does not automatically send

signals to pr ocessor en th ter, ghanges. Ins ead,_ sensor
32 continuously noni ?5&?5 tgﬁeage (P’% 63 ”‘b’erar & cal | Y,
e.g., at the consiteatiod.ef,tanalus sthixgh i@ mpbrc]lénmmyes:hehe sensor to

receive a ﬁ%@?%asureﬁéﬂeeﬁ&rt&sﬁﬂs&snt B8 PRERMH S B e count er
44, Whet her éanl gd as a pul se accurrul ator neter or

sanpl i ng net &@et&The ABaSHPE IRPYEn SFmes sngprval 'Eibmr@a’rﬁﬁeﬁﬁﬁnry 38.
At the expi raiheomiurhthmmeofnthea]beﬁfee‘i{ @ach, mpasoessent imdi.scards t he

ol dest masum&ph@,ﬁ%@mx—_ Q&’ofé‘&'ﬁi %(en&? ‘.1,8 28d: R mm‘%ﬂnggdl ent .

measur enent counter_.44 | Ister.. In one e

processor 30 IRFHEDHH 8300 nFent rh%ﬁ? F@GF?FS Est ?nﬂﬂ?ber ffe contents of
regi st er 4P- Gneasuremegitstdmed?pér tisnsiiismdonent Byoproeidivicemo¥ad 1 into

register 42- Zzﬁﬁgctea% 9% regibtbiSsdl SEA R ReaRERYEONSH AU fIEEyO
register 42-
N,,p, each measurement is transmitted at multiple
transmission times.

Memory 38 stores an elapsed interval counter 68,

15 Ngapsear a8 @ vatiable, i.e., a value which is changed by
the normal measurement and transmission operations of the
meter. Elapsed interval counter N, represents the
number of measurement times since the last transmission.
Elapsed interval counter 68 is incremented at each

20 measurement time, and when N« equals N, a
transmission time is triggered, and Ng ... i8 reset to
zero.

Another variable stored in memory 38 is an
alignment time variable 76, T,z Which represents a

25 delay between the measurement time and the actual
transmission time. Alignment time variable 76 is set
randomly to a value less than time interval T;,.. When a
transmission time is triggered, alignment timer 62 counts
down the alignment time T,,,, between the measurement time

30 and the transmission time.

Memory 38 is configured to track power failures in
meter 20a. A variable stored by memory 38 is a power
failure map 64, which indicates the intervals in which a
power failure was detected. Power failure map 64 has the

35 same number of bits, e.g., eighteen, as there are



Then the processor places the contents of counter 44 into regi ster
42-0, and clears the pul se counter. Naturally, ot her enbodi nents, such

as the use of a pointer or look- 35 up chart to the stored nmeasurenents,
are possi bl e. WO 97/ 29466
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transmts its stored neasurenments to collection level 14 at a series of
transm ssion tines. Menory 38 stores a transm ssion frequency N err]
whi ch represents the nunber of neasurepent tines per 5 transm ssion.
Processor 30 triggers a transmission tint® = after Nlerr] neasurenments. At

the | cont enFESPLRen 1pFeIEERY st an aoadh AT 44y e ey el
I n one enbodi mepresanpal wheblex m/ROWST %éﬂéﬂr¢s°°°u?¥§4(ﬁﬂ £h€o an existing
E::gt;ggggEgmﬁggerﬁﬁlekeﬁ§éébﬁﬂbd byﬂuﬂb @b?@éép@ﬁdlnﬁ|ﬂé§£¢ﬂ@&ﬂpanles
di sk. The dlslbnctﬁﬂeﬁsvﬁf'éf“éfﬁ ‘E%ecfr@tneow 2 ejl’gct Igsé%’vﬁtrié{pt f%itdgoteglrmt o
consunpt i onsofwidloictisi setyeon when the pqﬂgrepuppgyt;ﬁpxqgtq;eq :n an
el ect rorrEChan'I‘Eﬁ;er—upnﬁﬁﬁé 66 §5‘a§ét HeDhgieet ehér oidt & Ritidsa@bna
rotating - meloh S Facdat B4 Ud el gt CLigPRgani cal meter,

Memory 38 is also configured for special routines

to handle power failures. Memory 38 stores a power-

10 failure delay variable 74, Tp.r., Which represents the
time that processor 30 waits after sensing an
interruption in power supply 34 before sending a power-
failure message, as described below. Memory 38 stores a
‘power up-delay constant 75, T, Which represents the

15 delay after the restoration of power to meter 20a before
processor 30 restarts interval timer 60. |

Additionally, memory 38 is configured to count the
total number of pulses generated by sensor 32. Memory 38
stbres a variable cumulative pulse counter 70, N,

20 which represents the total number of pulses generated by
sensor 32. Each time that processor 30 increments
counter 44, it also increments cumulative pulse counter
70. Memory 38 also stores a maximum total constant 71,
Npaxrorar» Which represents the maximum number of pulses

25 that can be counted by the cumulative pulse counter 70.
When cumulative pulse counter 70 exceeds Npoars the
cumulative pulse counter pulse is reset to zero.

Memory 38 is further configured to count the total
number of measurements by meter 20a. Memory 38 stores a

30 seguence number counter 72, Ngegencer Which represents the
total number of measurements made by the meter. Sequence
number counter 72 is incremented each time a measurement
is made.

One constant stored in memory 38 is an identifying

35 code 78, ADDRESS. Each meter in metering system 10 has a



one or nore interrupter blades 50 are attached to shaft 20 46 to project

radially fromshaft 46 and rotate with disk 48. Three bl ades are used in
a preferred configuration. In one configuration, sensor 32

i ncl udes opti cal sensors and a rotation detector which sends a pulse to
processor 30wepepadésne t he di sk makes a conpl ete 25 rot ati oPETPIFAIMANd

| eft optical sensors 52a and 52b each include an LED 53 above the pl ane
of the interrupter bl ades, and a phot odi ode 54 bel ow the pl ane of the
interrupter blades. Wien an interrupter blade noves bet ween the LED and
t he photodi ode, no light fromthe LED-3@4can reach the photodi ode, and the
sensor detects the presence of the bl ade. Sensor 32 nmay

i ncl ude a rotiae ddeptifying ¢ehe ADRRESS: whighf bs wineludadatinogash t he
interrupter hjradewmissioRys6othat i dkdlIRctoREbahNcobied I adepiiigyl Sensors

are 35 activ d lopal_direction_of the blade n be WO -
97/ 29466 P metl:l&% LBiah' OF sergidlnegc the ﬁ&?%?ﬂﬂrbHZ%mory 38
- 11 - d&eyr RLSed StPEe 2xBepRe, sevial nymberghdentitinatiza (aot t hen

left sensos SHowAt Gdilichhes PEEE A€ el nAnkiFageurih§ pladt ade is rotating

cl ockw se. Sensor 3%5 Ii i nclude a glade counter 53 which is

i ncrenent ed each ti quxgﬁ}ogﬁbPH'P8tﬁF?fﬁp FEh Xd8PAsChRt ected.  When

t he sampling meter, processor 30 is programmed to perform
measurement and transmission operations. The programs
performed by the sampling meter will be explained after

10 the programs performed by the pulse-accumulator meter.

In a pulse-accumulator meter, processor 30 takes
action upon five types of events: receipt of a pulse from
gsensor 32, expiration of interval timer 60, expiration of
alignment timer 62, power failure, and power restoration.

15 The response to each of these events by the pulse-
accumulator meter is described below with reference to
FIGS. 5A-5E.

_ As shown in FIG. S5A, when meter 20a powers up,
e.g., when power is restored after a power failure,

20 processor 30 delays for a time T, such as twenty
microseconds, to ensure that there is a stable power
supply (step 80). PFollowing this delay, interval timer
60 is initialized (step 81). Then power-up flag 66 is
set on (step 82). Also, in step 82, each bit in power-

25 failure map 64 is left-shifted (thus discarding the
lefcmost bit), and the rightmost bit, which corresponds
to the current interval, is set on. The content of each
register 42-0 to 42-17 is shifted to the next register
{thus discarding the old measurement stored in register

30 42-17) (step 83). Also, in step 83, the content of
counter 44 is moved to register 42-0, and the counter is
set to zero. The sequence number counter 72 is
incremented by one (step 84). Then, elapsed interval
countexr Ng,,.es i8 8et to a random integer between 0 and

35 N,,, (step 85). The processor then awaits the next event.



count by bl ade counter 58 equals the number of bl ades attached to the
shaft, a full rotation of disk 48 has occurred. Sensor 32 then sends a
pul se to processor 30 to increnent counter 44 and resets bl ade counter

58. The 10 circuitry of rotation detector 56 and bl ade count be
conbi ned w t hworseee$6€or 30 and nenory 38. The corﬁrg?"gﬂ%z;\mgf
neter 20a as a pul se accunul ator neter or as a sanpling neter wll
depend on the intended application of netering system 10. 15 Simlarly,
many sorts of sensors could be used with_the present invention,

dependi ng on the application of rretér?‘?lg‘ system 10. For exanple, in a

traffic nonitoring system .a S cqmg!! r : ed to
count the nunber 4 ﬁlpgﬁoﬁpl ggét ﬁ%}?’ trave?’kg\éggsgfp%?:t%%%lgfe%% road.
Such a pul se podseufzcursemser 3Poulid dasraments RONARSYC 44 R¥ 98t he sensor.

'g‘zu?gohge{]s:?ﬁ%ﬂk&sbﬂ _énc(ij_ iﬂ&%d&fté'%&h?@&tﬂ@e syciref8r F0sdepepnglyet er
eriodic Yoo t pPps .G+ . Such

a sanpl i ng nefl'?fengoﬁgacﬁ§§°’éa:{41é’?§§'g%gle§a gggtgg é{gﬁgloaﬁlkr%g@‘éﬁﬁ{:&:e AsUC

shown in FI& 74, exceledshthaemaximgmn detadu byt cpmparing deoand ot Nexsanpl i ng

node, nenory 3(%&% wpher pPay, .. iisﬁtaxt&%%raahaﬁtlg,gy@mt teer 60, an

al i gnnent tiner 61, and various, const ngs and v éi abl 3 usq.ﬁ by
processor 30. SUWATIXE, GPURtRE, Bag FEFEEVER BRI gcrke%é%td count down the
30 time betwegrozeaEsoreabencavaita ithe next. evehhe interval Tlerr].

Sinilarly, alignment flnBreg? sinSpebi V68, bvh&h OGitel&al tikercepnt down a
delay tine_between a nmeasurenent_tine transm s%e%[r%l tinme. The

and
tiners, coA8t AMRETET PIPFEBPRE 30 b%ﬁ‘é‘%?@ddﬁge b%’é%%o"fl S0 accumul ate
periodi ¢ 35 nesdspsErntevain comster I8 ,ald.jeancaialshohe

transmission frequency N,, (step 100); i.e., processor 30
determines whether enough measurement times have occurred
for a transmission. If Ngjapeea €quals Ny, then eiapsed

15 interval counter 68 is reset (step 101). Thereafter,
alignment timer 62 is set to a random value between 0 and
T,.. (Step 102). If N_,p..a i8 not equal to N, then.
elapsed interval counter 68 is incremented (step 103).
In either case, the contents of each register 42-0 to 42-

20 17 are shifted to the next register (thus discarding the
old measurement stored in register 42-17), and the
content of counter 44 is stored in register 42-0 (step
104) . The power failure map 64 is similarly shifted.
Then, interval timer 60 is reset (step 105), and sequence

25 number counter 72 is incremented (step 106). The
processor then awaits the next event.

With reference to the flowchart in FIG. 5D, when
the alignment timer 62 expires, processor 30 causes
transmitter 40 to send either an interval-type or a

30 power-up type transmission 24 (step 110). Following the
transmission, power-up flag 66 is turned off (if it was
on) (step 112).

The meters include a capacitor, or another battery

device, to store electrical energy, so that processor 30
35 may continue operating if power supply 34 fails. As
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- 12 - measurenents to collector 22a, as wll be expl ai ned bel ow
with reference to FIGS. 5A-5E. Menory 38 stores the tine

interval 63a, T[err], as a copstant, i.e., a value which is not changed
by the 5 norwelenessesur enent and transm ssion operations of ROT&SITOIM: or = As
di scussed above, tine interval T[err] represents the duration of tine
bet ween each nmeasurenent tine. Anot her constant stored in nmenory 38 is
the transm ssion frequency 63b, N err], which represents the nunber of
10 neasurenent tinmes per transm ssion: By providing nore registers in
regi ster set 42 thanpét‘%gansm ssi_on frequenc err], each neasurenent is

rr],
transmitted SRCWRIIF By &ﬁsRPE’QFoﬁuQ?%éé4 lg[alls' PXORess8ey 3B stores
an el apsed i wakt®ad vanduonertife peTibdfeTyl..; atstepyardtdbland then, a val ue

whi ch 'S chasgedriines ! BBliel®aapil ANGdskanall tstgg operati ons

s
of the meter. Elapsed I nterval coun represents nunmber
of measur emehll i nedt POWSF SWOPLYsB4t L8R Keahered, thepséd BFeRr val

counter 68 i s42nprocesées W camgls? Or ARGELESIE YO o eendnd pbeerN err]
equal's NLerrkysfure HEMSMARAN LT 8 il dRLed oand Mogkilols reset to
zero. not her variabl e stored I'n nenory 38 1S an al'i gnnment
time variabl BOVEY-qperge, waitdmar Eprederradem 25ime Poripd: educene
nmeasurement theel fkelilsod@iidlol 1idi h§NEowes+ i hiree t rAhbBIBBéns | Me
loun™al© 76, thoffhareb e 2, RelPLHS K5 AR TEptbSaR, 1T
10 also allows for faster recovery in the event of a
temporary "brown-out”. If power is restored, the
processor simply waits for the next event.
The contents of an interval-type transmission 24
are shown schematically by FIG. 6. This transmission
15 from transmitter 40 begins with an acquisition pattern
120, which is a string of ninety-two bits which are
pseudo-randomly modulated at a chipping rate. The
acquisition pattern allows a collector, for example,
collector 22a, to detect and synchronize the transmission
20 from a meter. After acquisition pattern 120, the
transmitter transmits an address code 122 which was
stored in memory 38 as ADDRESS 78. The address code for
the meter is set at installation to ensure that each
meter in measurement level 12 has a unique identifying
25 code. The address code will be used by a collector to
identify which particular meter is transmitting.
Following address code 122, there is a message type flag
124. If power-up flag 66 is set, then the transmission
will be power-up-type. Otherwise the transmission sent
30 at the expiration of alignment timer 62 is interval-type.
The power-up-type and interval-type messages have the
same format and the same information; they differ only in
message type flag 124, Transmission 24 also includes a
field 126 for the cumulative counter N,..,. a field 128
35 for the sequence number counter N, ,en.. & field 130 for



down the alignnent tine T[err] between the neasurenent tinme 30 and the
transm ssion tine. Menory 38 is configured to track power
failures in nmeter 20a. A variable stored by nenory 38 is a power
failure map 64, which indicates the intervals in which a pdiRBietos | UT e
was det ect ed. WBOR@M66 ai | ure map 64 has the 35 same nunber of bits, e.g.,

ei ghteen, as there are
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registers in register set 42. Each bit 64-0 to 64-17 represents
whet her a power failure occurred in the 17 9 nterval represented by the

correspondi ng_{egi valja b d 38:iHga
power - up flagté% éi%ﬁﬁg s Se q%ﬁ“ngnp%%eéﬁéﬁéﬁgéghuo 5H?gar§§%%?ed.
Power - up flagl88 ferspewerffailure map 6 st FOILRMIAS HhehPOWeE o | owi ng

¥g?tgr2tior OEagmﬁrEOMEﬁ,Stﬁ&”?ﬁansmission indtudsy cifyhiteenl Soetdafi gured
10 far Tur e dendd-Jarpabpd®yy oy e EBhrbaks SEhnd Aidnted < 1D B BOVET
processor 39 wegtisterseofsregistpmmset 42nt eFinptlon the SeRBEMIapHPy 34
bef ore sendi ng,a1RAWE" a cyclft | MENMESFIehedk (ERCY itwy thekavurdenory 38
stores a  PQUSL UB- 48l VnSQSEAM 1oh% ofl Ebtupcdl & 2 2RRI8AI8At Ne
The contents of a sample power-failure
transmission 24’ are shown schematically by FIG. 6.
10 Power-failure transmission 24’ starts with an acquisition
pattern 120 and an address code 122. However, the
message type 124 indicates a power failure. Power
failure transmission 24’ usually ends with CRC 136.
A sampling meter and a pulse-accumulator meter may
15 operate similarly. Specifically, the processor in a

sampling meter takes the same actions in response to a -
power-up, (see FIG. 5A), a power failure (see FIG. 5E),
and the expiration of the alignment timer (see FIG. 5D),
ag the pulsé-accumulator meter.

20 However, the process performed by the sampling
meter differs from the process performed by the pulse-
accumulator meter and described above with reference to
FIGS. 5B and 5C in several respects. First, the
processor does not take action in response to a pulse

25 from senscr 32. Second, the processor takes additional
actions in response to the expiration of the interval
timer (see FIG. 5C). After the expiration of a
measurement interval, e.g., in the equivalent of step
104, the sampling meter processor loads a measurement

30 from the sensor into counter 44. The sampling meter
processor may also add the measurement to cumulative
counter 70.

By following the process discussed above, meter
20a, whether configured as a sampling meter or a pulse-

35 accumulator meter, takes a series of measurements.



15 delay after the restoration of power to neter 20a before processor 30
restarts interval tinmer 60. Additionally, nenory-38 is
configured to count the total nunber of pul ses generated by sensor 32.
Menory 38 stores a variable cunul ative pul se counter 70, Nerr], 20

whi ch represqpioinéde total nunber of pul ses generated by PCRARIFMIORY Each
time that processor 30 increnents counter 44, it also increnents

curul ative pul se counter 70. Menory 38 also stores a maxi numtota
constant 71, N err], which represents the maxi num nunber of pul ses 25
that can be counted by the cunul ative-paBse counter 70. When cunul ative
pul se counter 70 exceeds N err], the cunul ative pul se counter pulse is
reset to zer Referring to Fi@pofy U8 iserigst bfr measiireuents tl50caget t he

tot al NUEMYwO s TBAGYABHESE SthY nilidtired0BarMREDEY 8 £1QERY i8n30

seqguence nunb gounter 72 whi ch re r nts the otal nunber
o o e tien ! fpalfdrd1 neAvement 85t eotdionte LHa 5! | 1
i ncrenent ed emduet iofe thenpasamerentduring @ ddderete time intex®ad const ant

stored in gemyyy, 38 is an identifying 35 code 78, ADDRESS. Each neter in
metering system 10 hfs a 94@?
PCT/ US97/ 01042 na PU.]. Se accumu ator con 1gu% 1°n P meaﬁ‘lﬁ%ent

i dentifying ciEil: rkipPeESStehthé nember |afiighlisesegeherated during

discrete time interval 154. For example, if meter disk
48 rotates fifty-three times during discrete time

10 interval 154, then measurement 152 represents fifty—three
pulses. In a sampling meter, each measurement indicates
the value of the parameter at the beginning of discrete
time interval 154. For example, if a temperature meter
measures the ambient temperature as 23.2°C at the

15 beginning of time interval 154, then measurement 152
represents 23.2°C. '

In normal operation, the content of counter 44 is

moved to register 42-0 each time. interval timer 60
expires (see step 104 of FIG. 5C). Therefore, discrete

20 time interval 154 should have a duration of T,,, such as
2.5 minutes. Howevexr, if a power failure occurs, then
the content of counter 44 is moved to register 42-0 as
soon as power is restored (see step 83 of FIG. 53).
Therefore, the duration of discrete time interval 154 may

25 be longer or shorter than T,,, depending upon the
duration of the power failure.

As described above, meter 20a transmits the

contents of register set 42 to collector 22a. A
transmission time occurs after a number of measurement

30 times equal to the transmission frequency N,,.
Preferably, N,, is between one and ten. In one
configuration, N,,, is two. However, the transmission
does not occur simultaneocusly with a measurement time.
Instead, once the elapsed interval counter N, ,,... equals

35 the transmission frequency N,,, processor 30 triggers the



transm ssion so that a collector can correctly identify t he meter which

I's sending the transm ssion. Menory 38 may al so store a neter serial
nlunber identificationb( not 5 shown) which is set at the nmanufacturing

pl ant . In both the pul se-accunul ator neter and t Ao 1 N
nmeter, proceswar978M6ss programed to perform rreasurerrent%évsgs )
transm ssion operations. The progranms performed by the sanpling neter
wi |l be explained after 10 the prograns perforned by the pul se-accumul at or
net er. In a pul se-accunul at or rret er, processor 30 takes

action upon ;lve typels of events: recefpt®?of a pulse from sensor 32,
explratlon 0] nterval tiner r I gn t timer 62, power
failure, and ﬁh}\?ng‘m?’é‘ét’b’r'&?‘fo eelgtgﬁeilbgs %(r?é]:ec"tosza"lezachli;g1 t hese events by
t he pul se- txacsmiibaion oetuws D@lwesét#be#l%eﬁtmmttlﬁnr efekBfice to
Zl SS \?ﬁéﬁEpoﬁérlnge?gs%grﬁ% 3 g,‘é‘,’? a'sndEE@rmfﬁ?dWrtHéﬂaﬂﬁgﬁﬁénﬁomsgug, I

er po ailure .OCes el ays
for a time T[ dBEP, SE6PNILR HHS, 5D) V\ﬁgg ?#é’sgﬂ ﬁé‘ﬁ?g ?gat there is
a stabl e posebffsesspphy ts&mm:%)lonF&hmeV\tngntmlmeacb@ira:mentnt:émeabyti mer

60 is initializ =Te) 0 | " 82
Al'so. in stepa8§% g%ch ggéﬁt Tp p ¥erahBoh! Aadmission t&meORokstep 82).

|
(thus di scardlq'?gﬂ"t Reter redy tth(ﬁ lp)rog f.ﬁ%quagcfﬁ]ﬁdﬁll n eLt Sh' fted

corresponds tramshiesionsefiton meexs ,20|a329bt on. The content of each
register 42-0 to 42-1g s hﬁgsienéhsu@ea@ ar%ﬁbsrof eéh hus discarding

the old neasurenent stored In reglster step Al'so, in ste
83, the coAferhransmissigpgneés- |a§em§}/"€&mt i, é ster 5? FhexRqarfie P
counter is eitfitden zepistdhe @mijudeyre dsmhctransmissicl? every two

incremented by, gne (step ‘%%ﬁ% [ ter NJerr] is
set to a randomint e;ltesr’ tt):gté%ve%% rhuea? F(ta:r rgi‘ éélfqé%z 1‘526:(1lé‘nl'he processor
then awaits trﬁ;qngm;qg@énplne times. For example, asurement 156

for a time interval 158 is initially stored in register

15 42-0 and sent in field 134-0 of transmission 24a. 1In the
next transmission 24b, measurement 156 has been shifted
to register 42-2 and is placed in field 134-2. Two,
intervals after that, measurement 156 has been shifted to
register 42-4 for transmission 24c. After six more

20 transmissions, measurement 156 is stored in register 42-
16 and placed in field 134-16 in transmission 24i. Two
intervals later, measurement 156 is flushed from the
registers, and subsequent transmission 24j does not
contain the measurement for interval 158.

25 As described in detail below, a collector is able
to extract measurement series 150 from a sequence of
transmissions 24 from a meter. Specifically, the
collector can differentiate the new measurements in

. transmission 24 from those measurements transmitted in

30 previous transmissions, and to detect missing or
unreliable measurements. In addition, the collector is
able to analyze a measurement series to generate a
netered function of the parameter.

As shown in FIG. 8, a collector, such as collector

35 22a, includes a receiver 160, a central processing unit
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- 15 - As shown in FIG 5B, when processor 30 receives a

pul se from sensor 32, it increnments counter 44 by one (step 90) and

i ncrements cunul ative counter 70 (step 91). Then, processor 30 wll
determ ne i fwowme4wsi ve counter 5 70 exceeds the maxi mum t RGHUSHFOWEhpar i ng
Nerr] to Nerr] (step 92). If Nerr] is greater than Nerr], the
curmul ative counter 70 is reset to zero (step 93). The processor then
awai ts the next event. As shown in FIG 5C, when interval tinmer
60 10 expires, processor 30 begi ns by-d2®efm ni ng whet her el apsed

I nterval counter 68, N err], equals the transm ssion frequency N err]
(step 100); i{CBU} }edcen cdp 164, dat mempresléthetans acftzagrcatuenr enent

t: mes gave 0C68( I EReceiVeéY 0 pAekE 6 BPanshisdNdiy ]24e(ib.*é$nsmé\t_6£-é]1 then
ol fonment v A2 434, B840 Ae D) Bat BBk EES TRt e BB “Tierr) (step
102). | f N Prefessonotédquiiialy thenr sporesceach totanswd@sioneR4aincount er
68 is increnpekedy (66D IBdnsceivel €6BNBEndS SErardi sadohenbg of each
register 42-0Q ﬁgafZ: 20 .17 are shjfted tg tPe ngg%bregliyeragthas
di scarding t feRTa1BiRg Fhe FPBFELOR NIO% fate meker) 20a-20d te
content of cwanibterivgistatiore®é.n Frghsteivel-16§ Jegp alsol@dreiFae power
failure map @4ahSmes8ibRs |8 SH¥dn #énitorlA§ Nstatid V¥ tbl @WBhe8Guts reset
(step 105), %Hg ggﬂfggggi and determine which metered functions the
10 collector will calculate for each meter 20a-20d4.
Memory 166 may be constructed of volatile or non-
volatile memory devices. As shown in FIG. 9, memory 166
includes an agent program 170 to control processor 162.
Memory 166 also includes a set of meter objects 172a-
15 172d. Each meter cocbject is a data structure that
represents one meter, e.g., meter object 172a may
represent meter 20a, meter object 172b may represent
metexr 20b, and so on. Meter object 172a includes
configuration parameters for the particular meter it
20 represents: the address of the meter (ADDRESS), the
interval time, T,,, used by the meter, the number of
measurement times per transmission, N,,, and the maximum
total, Npyyeoray: ©f the cumulative counter.
The meter object 172a may also include a maximum
25 count rate N .., Which represents the maximum rate of
change of the parameter. As an example, disk 48 of the
electromechanical meter cannot turn faster than one-
hundred and twenty revolutions per minute. Therefore, if
a comparison between two measurements indicates that
30 Nuurace Nas been exceeded, processor 30 will issue an
error. Meter object 172a may also include a scaling
factor which converts the'value in a register into
physical parameter. For example, each rotation of disk
48 of a electromechanical meter represents 7.2 Watt-Hours
35 of electrical energy. Therefore, if measurement 156 is



25 nunber counter 72 is increnented (step 106). The processor then
awai ts the next event. Wth reference to the flowhart in FIG
5D, when ~the alignnment tinmer @E@\f‘ ssor 30 causes
transmtter 40 to send either a |nte Em%p ' a 30 powerg fos
transm ssi on WOSTEPHH 110). Fol Ilow trapsm ssion, power-up i ag
66 is turned off (if it was on) (step 112). The neters

i nclude a capacitor, or another battery device, to store electrical

energy, so that processor 30 35 nmay cont| pue operating if power supply 34
fails. As WD 97/ 29466

PCT/ US97/ 0104 FI G 5E,
i f power sup iy §X fa 0 W?%%e%osuox}s (?CF eleCtr%Cl%}Qﬂer(f con%ﬁmé%e!rlﬁod Tlerr]
1

(step 140) an Pﬁé‘ﬁte ta@?eﬂﬁ‘}?ﬂéﬁa%ﬁé@héﬁesoﬁﬂﬁ sthply 34 is restored (step
141) .- I'f power suppl wetler %Uj@btbeitmseﬂn? hﬁ{w Rhet 8AmE ﬂdﬁnﬁgl@ss?r 3g
causes transmt ai e_transm ssi qn_24. n the
event of a w Hgé:preé JE gg\ga otﬁiqc\l\g'?y \”&v |ﬁb f%?erét VS ?oﬁethrl od
reduces 5 h@qnflisprhéeenopameuqnmg Foweexaupbler anetemobjectod32a from

nul tipl e et enfay Waivel f@écatdm@omlhuﬁeSpmﬁéféhéLQneaﬂe&ooshéeﬁ\sﬁ% faster

rﬁcovery I n ”},e e\ﬁﬂtsg & 3 ger{%%rt%rsy "brown-out". If power is restored,
t he :

The relationship between the measurement time, the
interval time T,,, the receipt time of a transmission,

10 the alignment time of a transmission, and the sequence
number, is illustrated by FIG. 10. FIG. 10 shows a
previous transmission 24y and a more recent transmission
24z. Specifically, for each transmission, the difference
between the measurement time at the meter and the receipt

15 time at the collector is equal to alignment time T, of
the transmission.

With reference to FIG. 8, meter object 172a may
also include the following information about the previous
and most recent transmissions from meter 20a: the

20 cumulative totals (0ldTotal and NewTotal), the times of
receipt (01dTime and NewTime), the alignment times
(014T,;;4, and NewT,;;,,), the sequence numbers (OldSequence#
and NewSequence#), and the power failure maps (see FIG.
6). This information is used, as described below, to

25 analyze the new transwmission from meter 20a and extract
the previously unprocessed measurements.

Returning to FIG. 10, after each transmission,
collector 22a will process the "new" measurements, i.e.,
the measurements in the most recent transmission 24z

30 which were not included in the previous transmission 24y.
Collector 22a may ignore the "old" measurements, i.e.,
the measurements in the most recent transmission 24z
which were included in the previous transmission 24y.
Because gsequence number counter 72 is incremented with

35 each measurement, the number of new measurements in
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processor sinply waits for the next event. The contents of an

I nterval -type transm ssion 24 are shown schematically by FIG 6. This
transm ssion 15 fromtransmtter 40 begins with an acquisition pattern
120, which is a string of ninety-two bits which are pseudo-random y
nodul at ed at WO 9486 ng rate. The acqui sition pattern al PelSH/01042
col l ector, for exanple, col l ector 22a, to detect and synchronize the
transm ssion 20 froma neter. After acquisition pattern 120, the
transmitter transmts an address code 122 whi ch was stored in nenory 38
as ADDRESS 78. The address code for -~ BRe-neter is set at installation to
ensure that %agh I n peasurenment | evel 12 has a unique identifying

25 code. The dﬁ¥%§§s&88e2ﬁfl+Sﬂﬁmﬁ§edxb§h& gof ferenge (Rptweengghei fy whi ch
particul ar nutesr viaguer dNswbequence#) aFd lbddi wgladd(Gkiseadnckd?, ihhere is a

nmessage type Jéq%nce ﬁaﬂlbei:f £POVRrTI, |I%9n§6tf§n§lﬁissit<%%nat e transm ssion

w |l be power-.up- W se the transm ssi on sent the expiration

of alignnent ™ §th Fﬁ%%*%%ﬁet een thgeobdvnd R AsELERGe
i nt erval -tﬁpmmmlmaaquahethe twammiesish Bpeqidiecys AL, .| nfFernati on;

Lhey dl1er Sllapph, 1€ RESSRANP Sl oHnd 2o TLANGNASRL o2l o0 | ncl udes
sequence nunifEEseG ntBen\PRIY|the tyq mest3gerent measuremenn® JFrR®466
PCT/ US97/ 01042gisters 42-0 and 42-1 in FIG. 5) will be new. However,

if several transmissions are missed, then the difference

10 between the sequence numbers may be greater than two.

For example, as shown in FIG. 10, if OldSequence# is
twenty-four and NewSequence# is thirty-two, then
NewSequence# minus OldSequence# equals eight, and
therefore measurements #0-7 are new.

15 The time period spanned by the new measurements
must be accurately determined in order to generate the
metered functions. Referring to FIG. 10, it is possible
to accurately determine the time T, at beginning of the
new measurements, i.e., the time at the beginning

20 measurement #7. It is also possible to determine the
time T, at the end of new measurements, i.e., the time at
the end of measurement #0.

As discussed above, the measurement time of the
last measurement in any transmission is equal to the

25 transmission‘’s alignment time subtracted from its receipt
time at the collector. Thue, the time T, of the end of
the measurement #0 in transmission 24z can be calculated
by subtracting the receipt time of transmission 24z
(NewTime) from its alignment time (NewT,,). The time T,

30 of the beginning of the new measurements in transmission
24z corresponds to the measurement time of the last
measurement in transmission 24y. Therefore, the time T,
at the beginning of measurement #7 can be calculated by
subtracting the alignment time of transmission 24y

35 (01dT,,;q ) from its receipt time (OldTime). As will be



- 17 - the alignment tinme T[err] of the transm ssion and a field 132

for power failure map 64. Foll ow ng the power failure map, the

transm ssion includes eighteen fields 134-0 to 134-17 for the contents
of the eighteen 5 registers of register set 42. Finally, the {'{"ﬁ%%@ |on
i ncl udes a cyWo¥29¢§undancy check (CRC) 136 to ensure t h% a has
been lost or corrupted in transm ssion. The contents of a sanple
power-failure transm ssion 24' are shown schematically by FIG 6. 10
Power-failure transm ssion 24' starts with an acquisition pattern 120

and an address code 122. However, the - 2ﬁessage type 124 indicates a power
failure. Power I lure transnlsslon usual | ends 1

A sanpl i ng neFEPQE egd bﬁﬂgglafkﬁnﬁﬁEﬁ ﬁEPEFlﬂﬁ dﬁgkﬁaégggnllarly
Speci fical |y, firven phecedmes Thamd T, wmﬂhewgaegenen.ngakné et ofarheact i ons
in response t Q& meal&%‘é%&eﬂ?s (see FIG 5A) a power failure (see FIG 5E),
and the expiration of _the alig nnenLatlner see FIG SD), as th

pul se-accumul at or net%‘i‘er?(?re two bagiGegonrees of, e3roL. 1Be?‘?5?¥r’e‘é9 by the
sanpli ng sSmesystedi floer mibsed héteep raresmipsibns nand hyowdre failares.

accumul ator gy & t%“@g@%i?&&?ﬁgeaé}?d’ etﬁ’& y&srsggﬁi?:@ge?f ccr(llz'ﬂlgﬁs 5B and 5C
in several respects action in
response to a?ﬂﬂ“@@’?@ef;ﬁ6nii§éﬁ§%¥s%?nsjeme Fﬁeapﬁ‘a‘ﬂ%sas‘d?elt%l@é'ﬁl

addi ti onal it N ransnhEspLos eficm tmme@am wallonoofbé hﬁec!e”ﬂv@dvbh(

timer (see Fl q: ssgﬁsd@clta th g81fé@i<5€ Cﬁhn(afes%m.f) Qﬁ&'\? . terval '

e.g., in the equivalent o processor | oads
a nmeasur e PYR R FIS. séns@?aﬂﬁ%“%uﬁﬁér lZM"“ ‘FHECE%‘F\?)IQ-"N{? met er

processor nay flisrvdd 1i58e igeaepest@dtin qitientrahsiessions @uH-24i7@n
o N0 L il Rpls S Bl el §311 pe?0Bse YRSy G311 0L €

as a sanpling neter or
nine succe551ve transmissions 24a-24i f£ail.

Q

Power failures pose a more complicated problem;

15 the measurement is not lost, but because the duration of
the power failure is unknown, the time at which the
measurement was made is uncertain. Because counter.44 is
kept in non-volatile memory, the content of counter 44 is
not lost when power supply 34 fails. Therefore, the data

20 accumulated prior to the power failure, e.g., the number
of revolutions of electromechanical disk 48, is
transmitted at the next transmission.

Bach discrete time interval ends with a
measurement time, which can be triggered either by the

25 expiration of the interval timer 60 {see step 104 of FIG.
5C), or by restoration of power after a power failure
{see step 83 of FIG. 5A). Returning to FIG. 7, if a
power failure occurs during discrete time interval 158,
the discrete time interval has an indeterminate duration.

30 Normal intervals, i.e., discrete time intervals in which
no power failure occurs, end when interval timer 60
expires, and have a standard duration of T,,,. On the
other hand, power failure intervals, i.e., discrete time
intervals in which a power failure occurred, end when

35 power is restored. Because the power failure may last a



35 accunul ator neter, takes a series of neasurenents. WO 97/ 29466
PCT/ US97/ 01042 - 18 - Referring to FIG
7, the series of measurenents 150 are shown as a graph of the neasured
paranmeter as a function of time. An individual nmeasurenent 152
represents t\woomedesl ue of the paraneter during a discrete rdmusoriotoe val 5
154. In a pul se accunul ator configuration, neasurenent 152
represents the nunber of pul ses generated during discrete time interval
154. For exanple, if neter disk 48 rotates fifty-three times during
discrete time 10 interval 154, then neassrenent 152 represents fifty-three
pul ses. In a sanpling neter, each neasurenent indicates the value of the
paraneter at feveserendmion ssvegndcheurs, the muratienvaf t5e. powexr exanpl e,

i f a tenperaiyiPuf@! BitervdledepPends! HoR M E HurlatTRA Bffuﬁgaaﬁovgg’rz[ err]C at
t he 15 beglnglnﬂugf time |nterval 154, then neasurenent represents

23.2[err] C I n normal operation, the content of counter 44 is
nmoved to register 4Zn0tbacéventeof midthead miisstngbintervead r(@une( gee step 104

of FIG 5@. nirﬁ'@rﬁé’é&sﬂ}es @a@ﬁ.@dzgr&h&ﬁléﬂcﬁgél)alorliéwégof'égl&@é/
dur ati on of Tlf{ i such 2.5 mnutes a power t1ailure
occurs. then€ ector 22a w111 perform a recovery operation to

generate the metered functions. The exact nature of the
recovery operation will depend upon the type of metered
function generated by collector 22a, and will be

10 described below. However, the recovery operation
captures any missing measurements and measuremente for
which the measurement times are uncertain during a
recovery period 230 (see FIG. 11).

Agent program 170 performs a "walking" program 175

15 to find and process the new measurements, to determine
whether there are any missing measurements or power
failure intervals, and to determine the recovery period
230. The walking program must be able to recognize five
hypothetical cases shown in FIG. 11. 1In Case#l, although

20 the collector may have missed several transmissions,
there are no missing measurements or power failures, and
no recovery operation is required. 1In Case#2, there is
one power failure "F" in the new measurements in
transmission 24z. Recovery period 230 gpans only the

25 single power failure interval 235. In Case#3 there are
two or more power failures "F" in transmission 24z, and
the recovery period covers the time between the earliest
and latest power-failure intervals 236 and 237. The "?"g
between power failure intervals 236 and 237 indicate that

30 the collector does not determine whether those intervals
are normal intervals or power failure intervals; i.e.,
the collector does not examine the power failure map to
determine whether a power failure is associated with the
measurement. In Case#i4 there are no power failures, but

35 nine or more transmissions were missed, so there are



the content of counter 44 is noved to register 42-0 as soon as power is
restored (see step 83 of FIG 5A). Therefore, the duration of discrete
~time interval 154 nay 25 be | onger or shorter than T[err], dependi ng upon
t he duration of the power failure. As descri begcﬁgg*ﬁn%get er
20a transmits WQ&W2%466 contents of register set 42 to collector a.

transm ssion tinme occurs after a nunber of neasurenent 30 tinmes equal to

the transm ssion frequency Nerr]. Preferably, Nerr] is between one
and ten. In one configuration, Nerr] is tw. However, the transm ssion
does not occur sinmultaneously with a nmeadn ément ti ne. | nst ead, once
the el apsed i G r] I t t L SS{ frequency
Nerr], procegég%gg%gt ri gg?;eg'u%‘gé (sfiGwid ﬁy?’% %PZE%E@QEE the

PCT/ US97/ 01042previous transmission 24y and the neygtransmigpiommds) « i ner
(see step 102 vh this &Hge, the recbvapgnbpeiatiocdC ds pepBbymed t £ tle
Cirer . (see EPEpvynf A bekhEn L e ARE RA IR e ¢ B BNCTL
transm ssi orb t Fikeallym in Rase#Sentherei #8 3y leask pasdpavervfeilurBerr]. A
randQ"?transni3§h0ﬂntiﬁﬁfﬁéﬁfmeasﬁ%@heﬁ@éeéndQﬂﬂﬁ@ﬁa&@emﬁégbﬁgi|ity of
collisions betueen,  emdddl!s Mri¥odasy’ bOMIF Ao 232ra%he time £rom

the previous transmission 24y to the most recent power

failure interval 238.

10 Walking program 175 uses two indexes, IndexRight
and IndexLeft, to determine the boundaries of recovery
period 230. IndexRight and IndexLeft start by pointing
to the earliest and latest new measurements. For example
(as shown by FIG. 10), IndexRight points to measurement

15 #0 and IndexlLeft points to measurement #7. First,
walking program 175 steps IndexLeft forward, i.e.,
decrements it by one, one measurement at a time,
processing each measurement to generate the metered
functions, until a poﬁer failure or IndexRight is

20 encountered. Then IndexRight is moved backward, i.e.,
increments it by one, one measurement at a time, until a
power failure or IndexLeft is encountered. If IndexRight
encounters a power failure interval or a missing
measurement, then walking program 175 defines recovery

25 period 230 as the time between the measurements pointed
to by IndexLeft and IndexRight. Once walking program 175
has defined recovery period 230, it performs a recovery
operation. Finally, the collector processes the
remainder of the measurements by stepping IndexRight

30 forward until the most recent measurement is reached.

Walking program 175 also uses several variables to
perform the recovery operation. The variables include
TimeLeft, TimeRight, Totall.eft and TotalRight. When
walking program 175 is complete, TimeLeft and TimeRight

35 will be the times at the beginning and end, respectively,



Five transm ssions out of a series of ten 10 transm ssions 24a-24j are
showmn in FIG 7. If there are ei ghteen registers and there is a .
transm ssion every two intervals, then each nmeasurenent in series 150 is
transmtted nine times. For exanple, a neasurenent 156 for a time
interval 158wio97T2M66i al |y stored in register 15 42-0 and scREI/VS¥71043 d
134-0 of transm ssion 24a. In the next transm ssion 24b, neasurenent 156
has been shifted to register 42-2 and is placed in field 134-2. Two
intervals after that, neasurenent 156 has been shifted to regi ster 42-4
for transnission 24c. After six nore 2026ransm ssions, neasurenent 156 is

stored in re ter 42- 16 and placed in field 134- 16 I n transm ssion
24i . Two éFVQW?rVaP€F1°ﬂé§§Ere#BﬁP lagdyi swhen swaskking progeram

registers, anaSSdhseqmpmétéramauarﬁéﬁﬂ1a&@ Tdeain t wilORial the

neasurenent f a ed.in bel ow, a
col | ector %l lgtt(imé Loééf N‘P“‘heats&rheerre%% ’I'l%sa %f?‘#jcﬁﬁaa sequence of
transniSS|on§‘§$VFF8hPSrﬁE@e?3°SpeC|f|caIIy, the col | ector can
differentifte the neRefeAsHEEONFIGLN12, WdBHLY iﬁ:b%ﬂ'a@l‘llfigoﬂé fase

reasur et ) ABERIb:Helly g HLARAG (501 ﬁ?@t"”sm? it dﬁ%efts
abl e to anal P8¢ 2aadstPeRen? terPaintt Gogbher hast anew mesteprvethehunct i on of

the paranet efthe walking pré§r&h Wétddids fiet8r @bfér’%t{ e.ﬁﬂ oo el as

collector 35 nc receiver a cen rocessing unit
V\O 97/ 29466 v%. %.abll ll‘%’lgf.egt equal Jt?:e time 'I'l 95”?@&%’2“9 of

10 the first new measurement. TimeLeft equals the receipt

~ time (0ldTime) minus the alignment time (01dT,;;,,) ©of
transmission 24y (see FIG. 10). Walking program 175 also
access meter object 172a to set the variable TotalLeft
equal to the cumulative total OldTotal from transmission

15 24y. The variable TimeRight is set equal to the receipt
time (NewTime) of transmission 24z minus the value
(NewT,,;;,) of alignment field 130 (see FIG. 10). Thus,
the variable TimeRight equals the time T, when the content
of counter 44 was placed into register 42-0. The

20 variable TotalRight is set equal to cumulative total
field 126. The variables OldSequence# and NewSequence#
are taken from meter object 172a and sequence field 128
in transmission 24, respectively.

The walking program next determines whether there

25 are any missing measurements by comparing the sequence
number (NewSequence#) of the most recent transmission 24z
and the sequence number (OldSeguence##) of the previous
transmission 24y (step 181). If NewSequence# is greater
than OldSequence# plus the number of registers in

30 register set 42, e.g., eighteen, then at least one
measurement has been missed. If this is the case, then
the walking program moves immediately to step 189, as
described below.

If NewSequence# is less than OldSequence# plus
35 eighteen, then the walking program begins a forward walk



- 20 - (CPU) 162, a clock 164, a nmenory 166, and a transceiver 168.
Recei ver 160 picks up transm ssions 24 from neters 20a-20d (see FIG 1)
and delivers themto CPU or processor 162, which then stores each
transm ssion 24 in 5 nenory 166. Transceiver 168 sends transrrﬁi;ﬁﬁi gnf %8
cont ai ni ng t hWOnW28466d functi on for each neter 20a-20d to aiian
station 26. Transceiver 168 nay al so receive transm ssions 28 from
nonitoring station 26 to configure the coll ector and determ ne which
metered functions the 10 collector will calculate for each neter 20a-20d.
Menory 166 may be constructed of vol atid @7or non- vol atile menory

devi ces. As sho El nmenpry_1 i ncl udes a ent program 170 to
control proces%}th’fJéd‘ S VeRoF tiG%mgﬁ’gt?qtnc}lsuﬁsg ﬁq'é%f met er obj ects
172a- 15 172d.NeéwgSsgueniced ohpastOIGSeqwla't@#smnusuoeettmEep 182presents one
neter, e.g., MY, Q!Hee%li&%g BP&!gram rﬂé%&ﬁ%s”%@ﬁh&@%hé?é RlagPly ect

172b may represent net er So_on. object 1/72a i ncludes

confi gur ati on PRifeffadlure, FnPﬁE"%ér?‘F &Rd&xlﬁéﬂ:epyl exapining ddehts: the
address of BhepowderfaiANRBESSD, £1d the inist telceht Neradgmigdionis@tedy t he

meter, the nunbey of ¢ t'ﬁa?lgéﬁﬂf%eﬁt%% ASt als QBEH’céé'Q{\:h'\é[%rof#g and the

maxi mum tota N[ er e cunu lve COUﬂt net er
obj ect 172a r’ra§/a-"a}r‘§2? H\"&I%éla FRER nthe M ldMe: PregEan] dekermingsh

represents thawhmhefmrﬂtreatadeklaeftCdimd]gmdéxm.bentpﬁbﬁﬁp&ﬂﬁt S vife exanpl e,
di sk 48 of the gacé‘{]sgm;%a%gg{) i’rg& er QQEF&HEEU?&%& te one-
revo ererore

hundred and twenr{l ut1ons per ari son
bet ween twdhet@ M@htndtbaﬂeég?h%tpmrﬂ d70] Pracesees exceeded

processor 30 WhédswfeméntdIndexLeEE Ofstdfpigs)0h] atle prédedBing g ncl ude a
scaling will be described in greater detail below, but it

calculates metered functions, such as a load profile, a
time-of-use profile, or a demand profile. After agent

15 program 170 has processed the measurement, IndexLeft is
decremented by one (step 186). Then TimeLeft will be
increased by the interval time T,,, and TotalLeft will be
increased by the value in field 134 to which IndexLeft
points (step 187). Then the walking program loops back

20 to step 183.

With each run through the loop of steps 183-187,

IndexLeft is decremented. Eventually, either IndexLeft
will reach IndexRight or there will be a power failure
interval. 1If IndexLeft is less than IndexRight, as

25 determined in step 184, then walking program 175 has
successfully completed processing transmission 24 and
ends the walking program (step 188). If there is a power
failure, then walking program 175 begins a backward walk
of IndexRight.

30 If, as determined by step 181, NewSequence# is
greater than OldSequence# plus eighteen, then IndexLeft
is set equal to eighteen (step 189). Following step 189,
or if a power failure is detected in step 183, the
walking program compares IndexRight to IndexLeft (step

35 190). If IndexRight is not equal to IndexLeft, then the



factor which converts the value in a register into physi cal paraneter.
For exanple, each rotation of disk 48 of a el ectromechanical neter
represents 7.2 Watt-Hours 35 of electrical energy. Therefore, if
measurenent 156 is - 21 - sixty, 432.0
WAt t - Hour s oWwoedes46si city were consuned in discrete tinme i nPCRUSHAOMEB (see
FIG 7). Meter objects 172b-172d have the sane format as neter

obj ect 172a, but may have different values for the configuration
parameters. For exanple, neter object 172a may have T[err] set to 2.5

m nut es whereas neter object 172b has-Ti&r+] set to 3.5 m nutes.

The relationshjp between the nmeasurenent tinme, the interval tinme Tlerr],

t he receipt WFﬁglﬁﬁ RregEawn determines hwhethep rihare iise aopowerr ansni ssi on,

and the sequéatPureinierintervall untieakeghdy (fidp 150) Fl 8¢ 1Hask@ysne

i i £Si i Ifically,
Por "each (1 oodunfd; et ol T8 8 DENEReal (R HadFertRs Hhno ot the
meter and t hEtERcE? bt them the wadkingl program srelpiaind ghel agenent time
1758 Ty al SgeLaeh Ao Lo oLl D40, LGt Sabl o Bagat he BEei ous. and frost
rlzggn[ra%/r:ln:%eégls%ﬁge?é%ﬁ%%g{ne%\gggble?%%sm‘gtqea@%opﬁhp{l’@ dTotal and
NewTot al ), thuief ekt oisesddieprcunladfive twihleWhtaRighBeandi gnnent ti nes
TotalLeft to estimate the missing measurements.
If no power failure is detected in step 191, then
10 IndexRight is incremented by one (step 194). Next,
TimeRight is decreased by the interval time Tiner and
TotalRight is decreased by the value of field 134 for
measurement IndexRight (step 195). Then walking program
175 loops back to step 190. Eventually, either
15 IndexRight will equal IndexLeft, or a power failure
interval will be detected, and a recovery operation will
be performed (step 192). .
After the recovery operation, agent program 170
processes the remaining measurements. First, walking
20 program 175 determines whether IndexRight has reached the
most recent measurement (step 196). If IndexRight is
less than zero, then the processing is complete, and
walking program ends. Otherwise, IndexRight is
decremented (step 197), and the measurement to which
25 IndexRight points is processed (step 198). After step
198, the walking program loops back to step 196.
In processing steps 185 and 198, and in recovery
operation 192, the collector converts the raw data from
the meters into useful information by generating the
30 metered functions. Many metered functions are possible.
For example, the metered function may provide the
average, maximum, or minimum value of the parameter in
predetermined time intervals. The metered function may
describe the relative distribution of the parameter in
35 certain times of the day. 1In one embodiment described



(A dT[err] and Newl[err]), the sequence nunbers (O dSequence# and
NewSequence#), and the power failure maps (see FIG 6). This information is
used, as described below, to analyze the new transm ssion from neter 20a
and extract the previously unprocessed neasurenents. PL‘FEJB b9 to
process the isss

FIG 10, afterWQRUI48& ansnmi ssion, collector 22a will new'
measurenents, i.e., the neasurenents in the nost recent transm ssion 24z
whi ch were not included in the previous transm ssion 24y. Collector 22a
may ignore the "ol d" neasurenents, i.e. t he measurenments in the nost
recent transm ssion 24z whi ch were |ncTL?09ed' in the previous transm ssion
24y. Because r |&ﬁﬁ£ﬁﬁnt d %%%
measur enent , gﬂﬁﬁ néﬁﬁ%ggggrgﬁéﬁ%éy 8cth c5§?2 6

pCT/U397/010429enerate a load profile, a time- of -useyprofile apd &ni ssi on 24z
I s equal to thdenahdepedfildet ween the new val ue (NewSequence#) and ol d

val ue (d dSequence#) iyn S e NSy ssi ons
are m ssed, the d| é‘rogﬁc gﬁfﬁvé {g;%’hatfg égdgﬁgvféséeeqﬂo;é%%o unbers
wi Il “equal t%etbﬁanéﬁa@%¢%miﬁ?éﬁﬁeﬁéwehﬂé¢¥$meﬂkﬁ Foxx gppmple; fth¢err]
equal s two, anglaetiiés’Nsslivs comPany RigHEdvidheR Rhby the fye ®St

recent measurefgqt s, ((EOM; ¢y 1505 1EkseAR1Y AN nd ol hGrag) W11 De

day, i.e., one a.m to two a.m., two a.m. to three a.m.,
etc. Of course, the time increments may be shorter, such

10 as fifteen or thirty minutes, or longer, such as two or
four hours.

A time-of-use profile is a chart of the
distribution of consumption over certain periods of the
day. A time-of-use profile allows the utility company to

15 set different rates for different times of the day. For
example, an electrical utility company might wish to know
the total amount of electricity consumed between seven
a.m. and ten a.m. during the previous month. The utility
compaﬁy could then apply a different rate to the

20 electricity consumed between seven a.m. and ten a.m.

A demand profile determines the quantity and time
of the peak electricity consumption. FPor example, the
electrical utility company might wish to know the maximum
amount of electricity consumed in any fifteen minute

25 demand pexiod during the previous month, and the time of
that maximum. There are two types of demand functions:
block demand and rolling demand. Block demand looks at
each segment of time independently, whereas rolling
demand has overlapping segments.

30 In processing steps 185 and 198 and in recovery
step 192, agent program 170 begins by determining which
metered functions the collector will calculate for the
meter. As described below, each of the profiles, i.e.,
load profile, time-of-use profile and demand profile, may



I f several transm ssions are mssed, then the difference 10 between the
sequence nunbers may be greater than two. For exanple, as shown in'FIG
10, if A dSequence# is twenty-four and NewSequence# is thirty-two, then
NewSequence# m nus O dSequence# equal s ei ght, and t her ef ore neasurenents
#0-7 are nevwolB29466 The time period spanned by the nevWPGKRESIPOARNt s
nmust be accurately determned in order to generate the net er ed
functions. Referring to FIG 10, it is possible to accurately determ ne
the time T[err] at beginning of the new nmeasurenents, i.e., the tine at
t he begi nning 20 neasurenment #7. It is-a3Go possi ble to determne the

time T2 at the end olpwmeasurements i.e he tinme at the_end of

measur enent #82V erenis g §B&§Eéﬁnab’o‘%est?% 188 98T aftBhtamd e of the
| ast neasur endnfferenn\rdacexy operatione(ilmlstdep t192)25 transm ssion's

alignment time subtr g gt ggoﬁo%lﬁfgreﬁel Rbch ﬁ%h or.. Thus,

the tinme T2 of the en e measur'enent ?‘%ansm sion 4?‘ can be
calcul ated 1939 RMRELie |9@P3h§hP&’éEQth?|‘F@WHtrlé’ﬁ’s ffssieatpigity
(NewTi ne) fg ofintlkibdwarye pext inour) NEoE| each Jhodkhad ithe dhgrat 80 of the

begi nni ng of t 24z corresponds to the
measur enent t#gngtgm%eq\%e i ihgsﬁ'%ﬁ?rgﬁfui %C%raatﬂ'? ss?gﬁ 24y. Therefore,
the tinme T[ereplleciprs m;ermjmmthg dpadepref binm by Anedwzbagceheul at ed by
subtracting tfeashignemid frcwe thle imedagslssion 24y 35 (0 dT[ err]) fromits

receipt tine (QdTing) N WO 97/ 29466

10 interval field Np,,. The load profile interval field
stores the number of time intervals T, in a load profile
time period. For example, if the time interval T, is
2.5 minutes, then N;,, would be set equal to twenty-four
to provide a load profile period of one hour (24+*2.5

15 minutes). The load profile periods are synchronized to
cardinal points of clock 164. For example, if the load
profile period is thirty minutes, then the load profile
periods will start on the hour and half-hour. If N, is
set to zero, then collector 22a will not generate a load

20 profile. 1In addition, meter object 172a may be
associated with one or more objects 201 in memory 166
(see FIG. 9) which store the load profile chart.

For each normal interval processed (steps 185 or
198 of FIG. 12), agent program 170 determines the center

25 of the normal interval. For normal intervals processed
from step 185, the interval center is TimeLeft+l/2+*T,.,
whereas for normal intervals processed from step 198, the
interval center is TimeRight-1/2*T,,,. Then the agent
program determines which load profile period is in effect

30 at the interval center, and adds the measurement to that
period.

For example, if T,, is 2.5 minutes and N;,; is 12,
then each load profile period is half-an-hour. 1If a
normal interval has TimeLeft equal to 11:29:00 A.M., the

35 center of the interval will be located at 11:30:15 A.M.,



- 23 - descri bed below, the netered functions are cal cul at ed from
the times T[err] and T[err] at the beginning and end of the new

measur enent s. There are two basic sources of error in nmetering 5
system 10: m ssed neter transm ssi.ons and power failures. {’%SJ‘IBIO&
interference MNAPHMABO0ssibility of collisions bet ween net er

transm ssions, there is a sone |ikelihood that a transm ssion froma
nmeter will not be received by its associated collector. As described
above, and as 10 shown in FIG 7, neasurenent 156 in a discrete tine
interval 158 is repeated in nine transni ssi ons 24a-24i in a row.

Ther ef : i | : : _
{1 anem ol ons S0, ey coy® eheeaBikefifal tor Thar, nothdl HMEcft e

conpl i cat ed pr¥blirpe 123949 taiher dAedf AMndio |1%t00 BuM.bleadse the

dur ati on of ptbEipevsericd) ure is unknown, the tine at which the
measur enment was made i% %gcertai n._Because ¢y ter 44 is, , kept in
non-vol atile nemory, Cie CGRERTS P RMEE: t221PES R JH4AY when power
supply 34 f & | seashremsnis, then goiliegtonciimpenistms aorecovehe power
failure, e.g.,opéfatitie(step Afo2r @¢OFUEL 005) Of |l eciveReRebyni cal disk 48,

S transmtted _at.the next transmgission, ach.discrete time
interval ends WPEho& oo r’r%ogis&lﬁcé:r?é'nﬁgﬁ ﬁé?sﬁm?w%eﬁetgﬁ bg#%ﬁe%‘ﬁ her by
the 25 expiratNae &etween FoealRight and dotadbeftt epThen agfllecGor 228C), or
by restorationgeteprifés Aiéined RPECebBULEY PeridF B oS 8ReSPIOf )G 5A).

it orval 168 betwRgn dFifelatt AL TiReBIFEF FES Ui A PhHE LORR At i on.
30 Normal intepvaf$leipeariodii sdfetme,t thenilyqr ¥al sdded vitp cthe  no power
failure occursapgpgpyhiffe | 18 ofril@epeflod. If not, then Ny, is
added to a quality metric stored in the meter object, as
discussed below.

15 Each collector analyze the measurements from its
associated meters to generate a time-of-use profile
showing the total consumption of electricity (in
kilowatts hours) at a particular meter for specific time
periodé.

20 Meter object 172a may contain a time-of-use
schedule identification (TOU_ID) field and several
"bing", i.e., registers. Memory 166 of collector 22a may
contain multiple schedules 200a-200c which can link
certain time periods with certain bins (see FIG. 9). The

25 TOU_ID field identifies which schedule is in effect for
the meter.

Referring to FIGS. 14A and 14B, a schedule 200a
links time periods listed in column 202 to bins listed in
column 204. For example, if measurement 156 occurred on

30 a weekend, it would be added to a first bin 206.
Measurements at the peak hours of 7 A.M. to 10 A.M. and 5
P.M. to 8 P.M. would be added to a second bin 207, and
measurements at other times would be added to a third bin
208. This would permit the electrical utility company to

35 calculate the total energy consumed during the peak



expires, and have a standard duration of T[err]. On the ot her hand,
power failure intervals, i.e., discrete tine intervals in which a power
failure occurred, end when 35 power is restored. Because the power failure
may | ast a W) 97/ 29466 PCT/ US97/ 01042
-24 - f ewosgressds or several hours, the duration of thePGRANS701042
failure interval depends upon the duration of the power failure.

In the event of either mssing intervals (due to 5 nine successive failed
transm ssions) or power failures, coll ector 22a will performa recovery
operation to generate the netered fuld& i~rons. The exact nature of the
recovery operation w |l depend upon the type of netered function
generated by %ﬁ‘@&tdplizi‘&?rﬁnﬂnmP¥¢elbetQLé1&éséFi Bebighen\rationever, the

recovery operStheriule 20021 magsbenyors tde b 1IiE ahecobmd FicdvbdiEasid enent s

for whi ch ﬁgg d e ' e I 0. duri ng. recovery
period 230 (se Iflr%{ﬁ#{f) TI%'}E;-E{;HEQ %g%%%%ga%r g’%?ﬁ?b%’e%%&? ¥ a "wal ki ng"
program 175 1Fheyr Apefialddgyscess t he new neasurenents, to deternine

whet her there are anyiiéssf \sdgDFi2eBNhge ObalOYBted ihaimiBhethot erval s,

and to deternm ne the recqyer riod..,. 23 The | ki ng, program_nust be
able to r ecog%af"}ee way, a8 e HoRE profile. q?or each normal 1nr%rval,

agent program 170 determines the center of the normal
interval. Then, based on schedule 200, the agent program
determines which bin is in effect at the center of the

10 normal interval, and adds the measurement to the that
bin.

In a recovery operation, collector 22& first
calculates Ny,,,, the difference between TotalRight and
Totall.eft. Then collector 22a determines if recovery

15 period 230 crosses midnight. If recovery period 230 does
not cross midnight, collector 22a determines if the
recovery period fits within a single time-of-use period.
If so, then Ny, is added to the appropriate bin.
Otherwise, the distribution of N,;,, between the two bins

20 is estimated. A simple estimation is to distribute N,
in proportion with to the overlap of recovery period 230
with the time-of-use periods. For example, if the switch
point between BIN 1 and BIN 2 occurs at a switching time
SwitchTime, then the collector would add Ny * [SwitchTime-

25 TimeLeft]/ [{TimeRight-TimeLeft] to BIN 1 and add
Nairs* [TimeRight -SwitchTime] /

[TimeRight-TimeLeft] to BIN 2.

There may be an exception to this estimation in
the case of a single power failure interval as shown in

30 Case#2 in FIG. 11. 1In that case, if the start of the
power failure interval TimeRight is more than T,, before
the start of the second time-of-use period, then Ny, is
added to the first time-of-use period.

Each collector can analyze the measurements from

35 its associated meters to generate a demand profile



hypot heti cal cases shown in FIG 11. In Case#l, although 20 the collector

may have m ssed several transm ssions, there are no m ssing neasurenents
or power failures, and no recovery operation is required. In Case#2,
there is  one power failure "F" in the new neasurenments i CT/USS7/01042
transm ssi on N2k 6overy period 230 spans only the 25 singl'@ power
failure interval 235. In Case#3 there are two or nore power failures "F"
in transm ssion 24z, and the recovery period covers the tinme between the
earl i est and | atest power-failure intervals 236 and 237. The "?"s

bet ween power failure intervals 236 and 237 ndicate that 30 the coll ector

does not deterpne. er,_ .t ho i rval s, ... are naormal _intervals or power
failure int ervgl}@;s“)i(%]gt?é tl}'{lhéggo {"g%%{%ro%ggg?ﬁg{; 8?%? Ci9e %ower
failure map toelecheiaity ndndinwates peouns) &Y ar partieulacimetarwith the
measurement. | n Case#fletBer 6bféc NO7ROWRY tohtaifsa duianid segmener nore

b o] 0305 EEfa g5k £ Wb pdkBoa fiela N,  ThE FakRg, o
measur emrent P (SeFenhEigd Jap SFerRseihe mumbepraf,itdme dnherxwatsi B 24y and

t hef new é r ?ns n;‘t.ﬁ Sh OlemA7d -segmeht .t hgﬁ% c§é@and t&ﬁﬂi%@?‘f?é%%gﬁ?gégﬁ%s izzz c
pertorne or e recover er.l o et ween r sSm SSi .
Finally, in CaEE?S?“% @fg%ggxnpeaggm%%s pfohé demepd, period. © If Ny

is zero then collector 22a will not generate a demand
profile.

10 Referring to FIGS. 15A, assuming that the interval
time T;, is 2.5 minutes, collector 22a generates block
demand periods 210 of twenty minutes by setting N, to
eight (8*%*2.5=20 minutes per demand segment) and setting
Np to one (1*20=20 minutes per demand period).

is Referring to FIG. 15B, collector 22a generates
rolling demand periods 220 of thirty minutes which
overlap by twenty minutes by setting N, to four (4*2.5=10
minutes per demand segment) and Np, to three (3*10=30
minutes per demand period).

20 Demand profiles are calculated by using a buffer
to hold the data for the demand segments, and the total
of the buffer is recalculated each new demand period.
Each demand calculation is compared to a demand peak that
is stored in the meter object. If the new demand

25 calculation is greater than the stored demand peak, the
new calculation is stored to the meter object along with
the ending time of the demand period. One demand peak
may be stored for each time-of-use bin.

In a recovery operation for a demand profile,

30 collector 22a resets the demand calculation by clearing
the buffer and starting a new demand segment. For
example, as shown in FIGS. 15A and 15B, the vertical
dashed line 225 represents a power failure {or a missing
measurement}. In addition, the collector may wait for a

35 grace period before starting a new demand segment. The



"F'" in the new neasurenents and there are m ssing nmeasurenents. Recovery
period 230 covers the tinme from the previous transm ssion 24y to the

nost recent power failure interval 238. 10 Wal ki ng program 175

uses two indexes, |ndexRi ght and I ndexLeft, to determ ne the boundaries

of recovery wospdéiod 230. | ndexRi ght and | ndexLeft start PETAISPTRIPAY to

the earliest and | atest new neasurenents. For exanple (as shown by FI G

10), IndexRi ght points to nmeasurenent 15 #0 and | ndexLeft points to

measur enent #7. First, wal ki ng program 175 steps | ndexLeft forward,

i.e., decrenents |t by one, one neasdfement at a tine, I processi ng

each rreasurement to te the tered functions, until a power

fal lure or | FF&CR g BSERC ne]erae@ra?ﬁeﬁumﬂﬁx%@htoﬁ s moved backwar d,
.e., [ ncnnmrtﬂrsmentbymes have paad.cNBhe giade (pdliod Pridvedts POWer

fa| lure or | %d%'sﬁgheksfggﬁ%ﬁ %enahzeﬁd?og' ﬁg% %‘Tencount er&?‘a power

failure interval a m ssing asur enen -175
defines recoW&uR 25’ PEFIEE %@%Q&é‘—tﬁ Fesberakien t¢f prveesur enent s poi nt ed

to by IndeslLeft and A nekveR gijecOnfayVal &b Nthdlh@e &%Z&lt}lz I lﬂ?f It Red
i na e

recover erijod 23 i tion

col | ectgrpproc%s Q {“hgsggéél%rgg?on%eé %e%ﬁérﬁﬁgg t"sero YSEERDi ng
| ndexRi ght 339- or\E&FdQHﬁ%%FYtWthé\YeG@#ﬂ-udEasm eratral |mmmcbéd
val ki ng pr ogrpameir?!faa.hﬁeeysss S5 Rhietlery Anka2 A ﬁ§s§9n aH_E‘a[fﬂreﬁht he recovery

I'Left and
Total R ohi . WhOYine" REBFRE<hr Shecsrie %Ek%gw%'v%?% thata@et PoSnd T\ neR ght
35 will béo0t h’@e@ dBsthe waeeredifungtgaomed end, respectively,

In summary, the metering system of the present
invention provides a measuring level with multiple meters
and a collection level with multiple collectors. Each
meter periodically measures a parameter, such as

15 electricity consumption, and stores the sequence of
measurements. Each meter periodically transmits the
contents its registers to a collector by a wireless
signal. When a collector receives a transmission, it
determines which meter sent the transmission, and then

20 extracts the new, i.e., previously unprocessed,
measurements. The collector then uses the measurements
to generate a metered function, such as a load profile, a
time-of-use profile, or a demand profile. The collector
can compensate for missed transmissions and power

25 failures. The metered functions for each meter are
transmitted from each collector to a monitoring station.
The operator of the metering system determines how the
metered functions are used by the monitoring station,
e.g., an electrical utility company may have the _

30 monitoring station generate a customer billing using the
metered function. |

The present invention has been described in terms
of a preferred embodiment. The invention, however, is
not limited to the embodiment depicted and described.
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- 26 - of recovery period 230. Simlarly, when wal ki ng program 175
is conplete, Total Left and Total Right will equal the currul ative total

Nl err] at the begi nning and end of recovery period 230.

Referring to WQ#72%486 \\a| ki ng program 175 begi ns by setti n(ér/gses\?lg}og

vari ables (step 180). IndexRight is set equal to zero to point to the

| ast new neasurenent. The wal ki ng program accesses neter object 172a to
set variabl e TineLeft equal to the tine T[err] at the beginning of 10
the first new measurenment. TinelLeft equaPsS fhe receipt tinme (O dTine)

m nus the ali nt. ti QA dT[ egr Qf. t.ransni §Si0 e FIG 10).
Wal ki ng progr g{r%%’altgg gcogscgés‘]’}%ﬁstl&ve%f“ggit 1?@%&?2‘3(@% ﬁ% vari abl e
Tot al Left aprended cRaimgaul ative total O dTotal fromtransm ssion 15
24y. - The variable TineRight is set equal to the receipt time (NewTine)
of transm ssion 24z m nus the val ue (NewT[err]) of alignnment field 130
(see FIG 10). Thus, the variable TineRight equals the time T2 when the
cont ent of counter 44 was placed into register 42-0. The 20 vari abl e
Total Rl ght is set equal to cunul ative total field 126. The vari abl es

A dSequence# and NewSequence# are taken from neter object 172a and
sequence field 128 in transm ssion 24, respectively. The

wal ki ng program next determ nes whether there 25 are any m ssing

measur enents by conparing the sequence nunber (NewSequence#) of the nost
recent transm ssion 24z and t he sequence nunber (Q dSequence#) of the
previ ous transm ssion 24y (step 181). If NewSequence# is greater



t han I the nunber of registers in 30 register set 42, e.g.,
ei ght mama Ilm%t one ] en mssed. If this is the
case, an L eswat Ki ng progria ﬁggﬁgﬁ' : ly to step 189, as

wsSe

descri bed bel ow. I f - .S | ¢ss than A dSequence# pl us
35 ei ght eenwasteseshe wal ki ng program begins a forward wal RCT/USYIO042  \z\p

97/ 29466 PCT/ US97/ 01042

- 27 - of IndexLeft. First, IndexLeft is set equal to NewSequence#
m nus O dSequence# m nus one (step 182). Then, the wal ki ng program

det er mi nes whet her ¢HdM® was a poneB6failure interval at IndexLeft by

exam ni ni; the 5 power failure nmap.fromthe nost recent transm ssion (step

183). 1flthe measurement® V@G COILEEELRAYTFER SPTRIASING: fajlure
interval2 then the ajal ki agpluredriay o€t eclienesry deviigideerinchadlingexLeft and

| ndexRi g?t now point to %{w a SIS TRASHEEIRRE 1%3;&;%[“%%@:, akf al NdexLeft is”

not equ 10 to I ndexRig en agent program processes nmeasur enent
| ndexLef$ (SE€EpePaSF. MIRBUIANRTES Siifigss tepgenerpte HEeFded Phed i n greater
detai | bel owuckekslire mes@hretheritas netered functions, such as a | oad
profile,_.a time-of-useg,praofide...0 ng file After agent 15
program i?O has rocesseglfheJ r#gg'ssl}r Ea“r?g‘ﬁ . 'I"ﬁ'g%%_‘g %A ﬁ:s? store &

7 plurality of measurements from said series of successive

8 measurements, and

9 iii) a transmitter to transmit said

10 plurality of stored measurements to a collection device
11 at a series of transmission times, each of said stored
12 measurements transmitted at a plurality of different
13 transmission times; and

14 b) a plurality of collection devices, there

15 being fewer collection devices than telemetry devices,
16 said collection devices including

17 i) a receiver to receive transmissions
18 from a subset of said plurality of telemetry devices,
19 ii) a processor for extracting said series

20 of successive measurements from a series of said

21 transmissions and analyzing said series of successive
22 measurements to generate a metered function of said
23 parameter, and

24 iii) a transmitter to transmit said metered
25 function to a monitoring station.

1 2. The data collection system of claim 1
wherein said transmitter generates wireless
transmissions.

w N

3. The data collection system of claim 1
wherein said sensor includes:

a counter for storing a value,

means for incrementing said counter upon receipt
of a trigger signal, and

(U BN S VS B R
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field 134 to which | ndexLeft pp King l'pr(}gram
| oops back 20 to step 183. h rur through l;@lev

steps 183- 187WVO9248flexLeft is decrenented. Eventudlly, eith cfngeft
w Il reach IndexRight or there will be a power failure interval . If

I ndexLeft is less than IndexRight, as 25 determined in step 184, then

wal ki ng program 175 has successful ly gorrpl eted processing transm ssion
24 and ends the wal ki ng program (stép 88) | f there s a power

ggi | ure, t@e]h wal ki nq“gérpsgr%@ojslgfggg 5%51 di co@hedPAdeXR ght .

as determne e uenc greater than
A dSequenc@# pwsi éllg‘ﬁﬂ:e@ﬁﬁwmeﬁmi nﬁﬁﬁ&té'—flﬁ‘g saFL §@‘t‘n‘e%f&e?rt tsti"-& ght een
(step 189) g Faoidapmirethemtepithds. or if a power failure is detected in
step 183, the wal ki ng program conpares | ndexRi ght to I ndexLeft (step 35
190). If IndexRight is not equal to I ndexLeft, then the

T S e ORI

97/ 29466 1 4. The data collection pysremoqf (alpim 1
- 28 - dﬁé&zﬁ{ %ﬁﬁ@”\:é%ﬁé %W@&SEBQHQ tBe S0 TR failure
in int erval | ndexRi ste 81} | ndexRi %gt

3 measu men store 1rst memory a stores a new

4 measurement from said sensor in said first memory.

i 5. The data collection system of claim 1

2 vwherein said first memory is configured to store eighteen
3 measurements.

1 6. The data collection system of claim 1

2 wherein

3 said telemetry devices further include a first

4 timer having a predetermined time interval, wherein the

5 expiration of said predetermined time interval cause said
6

sensor to generate a measurement.

7. The data collection system of claim 6
wherein said predetermined time interval is approximately
3 2.5 minutes.

1 8. The data collection system of claim 6
2 wherein restoration of power following a power failure

3 causes said sensor to generate a measurement.

1 Q. The data collection system of claim 1

2 wherein

3 said collection devices further include a second
4 wmemoxry configured to store a plurality of objects

5 representing telemetry devices from which the respective
6 collection device receives transmissions.
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equa f a power failure is detected in step 191, then

the WHI ml B;Im“l ds and the agent 5 programruns a recovery operation

(step *92¥. Ther s recovery ope ri bed bel ow, but, in

brief, it uses the cumul ative t )tbb@%%ﬁﬁ? BrﬁéﬁiEd Total Left to

esti mate t hewoisg2ddsg neasur enen{s 0 power fREHUS9F01042

detected in step 191, then 10 IndexRight is increnmented by one (step 194).

Next , TimeRi ght is decreased by the interval tine T[err], and

Total R ght i$ decreased by the value of field 134 for measur enent

| ndexRi ght (step 195). Then wal ki ng pr-o@rﬂam 175 | oops back to step 190.

Eventual I 'y, either I nd ht w | ual I ndexLeft, or a power failure
i?:t ed%ﬁﬁna c1-'yl

i nt erval |l be det atay B EVELRPHNOHI Flaim %e perfor med
(step 192@. wherein After the recovery operation, agent program 170

processeszt he renai nj n@@_ﬁ}g t I ng 20 rogr
determ neg whet he %ele ght has reacghéE %uMler g}ca'lp r?r@‘é%urerrent

(step 196f. 1%°4 Ringsa receint itHde Afr @ cuksent h@rammmqmg i s
conpl et e, 5ancfrom \waltielegepirogdarieads. O herw se, I ndexR| ggt S ]
decrenentgd (step 19 ﬁ%ﬂs t 5 | ndexRi ght points
i s procesged (step g% t%$%eﬁg§ghg¥§§ %’h% §FYpPEYESH | oops back

to step 136. stores a recFﬂPErléé@%@fﬁga SRI@p&OI.JSStanusmiaSslmcfnam recovery
oper at|onle%ai&Qél@nietﬁyoaeGQegprgmthe raw data from the meters into
useful ingormation b ner t| 30 net functions. Many netered
functi onsgare possi b eﬂ-? & q%)?é‘rrﬁfgw?ﬁe %‘%’é‘?red'w i Bn nay provide

t he +8r agRroqasgar. ke §Pmpﬁn¢nm¢weamm~r time pfirthetaurrent

predet er nnectﬁanm:is&@hvebsthé'hﬁeé@iﬂ infcliBEt AR PRYvioudlescribe the
rel ative,distyi 431 %f the paraneter in 35 certain tinmes of the day. In
one enboélnen escr

1 11. The data collection system of claim 9
2 wherein
3 said first memory is configured to store a number,
4 a telemetry device increments said number each -
5 time a measurement is generated, )
[ said stored number is transmitted by said
7 transmitter in a current transmission from said telemetry
8 device,
9 the object representing said telemetry device
_10 stores a number transmitted in a previous transmission
11 from said telemetry device; and
i2 said collection devices further include a
13 processor to compare the number transmitted in the
14 current transmission to the number transmitted in the
15 previous transmission.
1 12. The data collection system of claim 9
2 wherein
3 said telemetry devices include means for detecting
4 a power failure,
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generate a |oad profile, a tine-off IS QHEET HAS BEEN 4

know the rate

ow for. én el e(l:ft i cal petHebebd-t-yL "”W“AE‘C’:TC gsgzmmj I"‘"ll“llll " Illl

A load profile is a chart of the rjate OREREARCEY 5 tHe pararre;,@{.] tlrre
i ncrements. FYOXHAMMS e, t he el ecrricat—otr+ity—€onpany m mns
of use electricity in a household for each hour durlng a
a.mtotw am, tw am to three a.m, etc. O course,

day, i.e., one

the tine incre
or | onger, suc
a chart of ghe
day. A time=of-

conpany i ght Weabukemkﬁ@vms deiferiatled folDoWin®fa Pifdy if@iilMrepnsuned

ments nmay be shorter, such 10 as fifteen or thirty m nutes,
h as two or four hours: 39 - A tine-of-use profile is
of the

use pr OP1s CAERs efll P o BUEE el AL PR DL

rates for dﬁfféﬁéhﬂrﬁlhﬁgotmaﬁﬂﬂg(#Q¢10F§Fn9 W%ﬂﬁh&ﬂeﬁaQQ1ﬁ§P€§§rlcal utility

b I
Company coufd then apfiy nERPPFcFehE T Ehac e85, T8 Rt B e’

bet ween seven @aid smansmittemmat said transmissdonl tpimss,| endet er ni nes t he

quantity apg tine
electrical _util,it
el ectricitytcor®f
previ ous nonth,

1l

W~ 6w N n e W N

u b W N

w W N

and the tine of
13. The data collection system of claim 9
wherein
said metered function is a load profile, and
said objects store the duration of a load profile
period. |

14. The data collection system of claim 9
wherein '
said metered function is a time-of-use profile,
said objects includes a plurality of time-of-use
measurements, ahd
said second memory is configured with a calendar
to link a measurement time of a measurement to one of
said time-of-use measurements.

15. The data collection system of claim 9
wherein

said metered function is a demand profile, and

said objects store a duration of a demand profile
period.

16. The data collection system of claim 1
wherein said parameter is selected from the group
consisting of electrical power, fluid flow, voltage,
current, temperature, pressure, and humidity.
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t hat ' are two types of demand functions: bl ock demand and
rjmumwgu“ Fck demand 1 ogks_ at each segnent of tine

| re 'S reas rolling | THREE | appi ng segnents. 30

In processing steps 185 and 198 and ?&Eﬁf Egn@l_ﬁgeﬁﬁ step 192, agent program

..170 begi ns byodwtwseéri ni ng whi cht ijjons the c@®CTAISITOI043 | |
calculate for the neter. As described below, each of the profiles, i.e.,
| oad profile, tinme-of-use profile and denmand profile, may WO
97/ 29466 PCT/ US97/ 01042
- 30- have a different calculation4o » steps 185 or 198) and a
different recovery operation (in step 192). As shown in FIG 13,
each col Rector can ia'?ovi dhegdata| entaian @ygrephof holiiny tée consunption

of el ect pi Civhereill Badid paRhinet@LridWIdcth@lca@apBwdoUr in the day at a
particular meter to the nonitoring station. The col l ectors generate the
| oad profiles by anal yzing the neasurenents fromthe neters.

Met er obflect 172a n&§- codhgi Adata| exblestian @yssemnoErobainid d Nerr]. The
| oad probi | extie¥eriry alaild phetamet &k OL@SETNa Fuier of time intervals Tlerr]

in a load profile time period. For exanple, if the tinme interval T[err]
S 2.5 mnutes, then Nerr] would be set equal to twenty-four
1 19. The data collection system of claim 18

2 wherein said fluid is natural gas.

1 20. The data collection system of claim 18
2 wherein said fluid is water.
1 21. A method of collecting data comprising the
2 steps of: ‘
3 a) measuring a parameter with a telemetry
4 device at a series of measurement times to generate a
5 series of successive measurements; _
6 b) storing a plurality of said measurements in
7 said telemetry device; _
8 c) transmitting said stored measurements to a
9 collection device at a series of transmission times;
10 d) extracting said series of successive
11 wmeasurements from a series of said transmissions with
12 said collection device; _
i3 e) analyzing said series of successive
14 measurements to generate a metered function of said
15 parameter with said collection device; and
16 £) transmitting said metered function to a
17 wonitoring station.
1 22. The method of claim 21 further comprising
2 the steps of:
3 storing an old number in said collection device,
4 generating a new number in said telemetry device
5 each time a measurement is generated,
. This Sheet Has Been Re)
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to provide a load profile period of one hour (24*2.5 15 m
profile periods are synchronized to cardi nal points ofla!ﬂlm “' ﬂ“ “ l

exanple, if the | oad profile pqg EFR ut es er the toad
profile periods will start onth our .

set to zero, VYRW28#5 ector 22a will noBEBM@ate all oad 20 pro’?gsf’e ?n
addition, neter object 172a nmay be associated wth one or nore objects
201 in nenory 166 (see FIG 9) which store the |oad profile chart.

For each normal interval processed (steps,185 or 198 of FIG 12), agent
program 170 determines the center 25 of ??‘le normal interval. For nornal

| nterval's grzocessed erdddiDe 8y 48Pa AE hMiREY Wi theBESFed S

TimeLeft+l /2*T[err] ereas~for normal 1 ntervals processed from step
198, the 7 i Ae8suzEmeBReerafd Ti neRi ght - 1/2*T[err]. Then the agent

program deger m nes whanpdrdad padli bBd peviniset ito isaiafl hewtndbbext dthe

I nterval c nt a e For.
exanpl e, TrerT leigggllﬁqgn% es ang E‘ er%ﬁlﬁga‘il}mh Q'%rahg"n tenggﬁsl oad
profile pépl od-¥ies NRY| MeaRuRements which wegenBet | previcuslyayereiedst equal

to 11:29: 99 APV salilecdllectiai ddvildes andi @h¥theiM thede drecatiegiayg 11: 30: 15

é.g&,_ 12 neé@Qr%&é%%é§6 PCT/ US97/ 01042

23. The metheod of c¢laim 22 further comprising
the step of storing said old number in said telemetry
device, and wherein the step of generating said new
number includes incrementing said old number.

W N R

24. The method of claim 23 further comprising
the step of determining the measurement times for new
measurements received by said collection device.

| S

w

25. The method of claim 24 further comprising
the steps of: .

storing information in said telemetry deV1ce
indicating whether a power failure occurred between
successive measurements,

transmitting said information to said collection
device, and

using said information to determine whether there
are new measurements for which the measurement time
canmnot be determined.

W 0 U e W N

1

o

26. The method of claim 25 further comprising
the step of performing a recovery operation for missing
measurements or new measurements for which the
measurement time cannot be determined.

= w R
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and t surenment for that normal interval wi |l be added to
t he "Mi’ &!HEi]oo P.M | oad profile period. If there are
any m ssi ng en col |l ector 22a perforns a

Il
recovery operation (step 19 TU ﬁﬁ@f Eég recovery operati on,
col | ector 22wofsmeesé cal cul at es}t he JRERLAR "N err] betRASEIBITON04 R ght
and Total Left. Then coll ector ZZa detern1nes whet her the recovery period
230 (see FIG 11) 10 between TineLeft and TineRight fits within a single
| oad profile period. If so, then Nerr] is added to the appropriate
|l oad profile period. If not, then Ndiff42s- added to a quality netric
stored in the neter qgbject, as di scussed bel ow. 15 Each col | ector
anal yze the measurefdnt s THoMSthed ofelaim 2% furthers coppyiéfitRdte a
time-of - use phefBtep of skt ingy taie alagamenonsimPiicllowingl actricity (in

ki | ovat t 3 hol‘ﬁ%ééu@&méneat%'&ﬁrﬂ féeg.s&gf 8EoP88 HdddudemlBieg  PET! 0s. 20

Met er obj ect a may contaln a tification
(TOU ID field and several "bins", i.e., registers. Menory 166 of

col l ectory22a rray 2ac.ont'ﬂi.1él nBtHodPbE elhed Ud P Skl dan?@dggwhi ch can |ink

certain tijne celrt |G 9). The 25 TQUID field
|dent|f|e% ?g edu%e i |B%lefc?'3t %‘3 °mf Ythe neter.

Referring to FI GS. 14A and 14B, a schedul e 200a links time periods
listed i mpcolum 2024¢.0 brws dét&baidfnclalﬁ%v%e%%n Baigexanple, if
measur emepnt % g ﬁ‘f-é’[‘re’q onc30 %Q\#@ o |t ul d be added to a first bin
206. FERERE 8557 P2 hea QW Sf 2R inhgast, EINPEfand 5 P. M
to 8 P. M3V\ml1ledsb§eaadés-to a second bin 207, and measur enents at ot her
times would be added to a third bin 208. This would permt the

Pheltiaped WYY TP L Gothoif o3 hEn' 87 £ 0o 1800 ¢ AT N0

—Z

N

the steps of:
‘transmitting said alignment time from said
telemetry device to said collector in a transmission,
determining a receipt time representing the time
said collector receives said transmission, and
subtracting said alignment time from said receipt
time to generate a time representing the measurement time
of the most recent measurement in the transmission.

OV O g W

31. The method of claim 21 wherein said
parameter is selected from the group consisting of
electrical power, fluid flow, voltage, current,
temperature, pressure, and humidity.

b WY

=

32. The method of claim 31 wherein said
2 parameter is electrical power.

1 33, The method of claim 31 wherein said
2 parameter is fluid flow.

1 34. The method of claim 33 wherein said fluid is
2 natural gas.
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Y\D327{ 29466consurrpt ion hours in order tonCin |U82t7/ glgﬁgzgher “mm I"I" Illuulllul"le

200a may be considerably nore conp T@ y incl ude‘®reter®tnces *o
cal endars with holidays or ot hef @ g‘i‘g&g&@ﬁ e
profiles are ¥P%IM94%%ed in nuch th as tfhe | oad pr'g’ﬁi‘iﬁe. Iior
each normal interval, agent program 170 determ nes the center of the

nor mal i nterval .” Then, based on schedul e 200, the agent program

determ nes which bin is in effect at the center of the 10 normal interval,
and adds the neasurenent to the that ~ l?i3n' In a recovery
operation, .coll ector af [,e e far bet ween
Tot al Ri ght "and Tot%%LefFﬁéTﬁeﬁh§ "E?B EB%E?%Qn%égé éiéigggery 15
period 230 Zr o¥%@x i dni ght. | f recovery per| od 230 does not cross

m dni ght, collector 22a determ' nes I f the recovery period fits within a
single tine-of-use pe err] is_added o the

appropriat e bin. Cﬁhérmﬁ?@ m? |%$rqﬁﬁ%] t ¥ eﬁfé?rTa tween the two
bi ns 20 i s Zesttranswissisns np'leeweselm itransmisgionstri bute N err] in
proportion with to the overlap of recovery period 230 with the

I f_th t t bet BIN 1 d
}3: ﬁezogcgar%spggl gdZWI ggm né\arrp eorf: for ecoslvfec%qng dggl‘angc—'_'neera\lltve(:E{1 by a an

2 plurality of sensors, comprising:

a) a plurality of data generating devices
including
i) a sensor to measure a parameter to
generate measurements,

ii) a memory configured to store said
measurements, and

W O s W

iii) a transmitter to transmit said stored

10 measurements to an intermediate device at a plurality of
11 transmission times; and

12 b) a plurality of intermediate devices, there

13 being fewer intermediate devices than data generating

14 devices, said intermediate devices including

15 i) a receiver to receive transmissions

16 from a subset of said plurality of data generating

17 devices,

18 ii) a processor for extracting said

19 measurements from said transmissions and analyzing said

20 measurements to generate a metered function of said

21 parameter, and

22 iii) a transmitter to transmit said metered
23 function; and

24 c) a central station for receiving said

25 transmitted metered functions from said plurality of

26 intermediate devices.

1 38. A method of collecting data comprising the
2 steps of:
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Swi tch |l ector woul d add Nerr]* [SwtchTime- 25
T| rreL mﬁnm ﬂug nmeLeft) to BIN 1 and add N err]*

/ [ Ti o BIN 2. There
may be an exception to this estifnat® SHEER HAS BEEN Lase of a si ngl e power
failure int ewoeshnosse shown i n 30 [Case#BERIACEDG 11| | n that REISITNI4 he

start of the power failure interval TrmeRght—l s nore than T[err] before

the start of the second tine-of-use period, then Nerr] is added to the
first tinme-of-use period. Each col | ector can anal yze the
measurenents from 35 its associated neté4s-to generate a demand profile
WD 97/ 29466 . PCT/ US97/ 01042
- 33 - 3 showi ng tHe tiTRASHRLNgSURRTEMeheEheLEh B RENAST &R of
electricitdy genekatewmtasutemsrt)s;at a particul ar neter. Met er
obj ect 172a may contain [ mand
peri od fl%| d Nerr] ba)Thealtszl'geil:?fgﬁ'gad?sgﬁgment"t?ll é?dé%[&gr'ﬁg;ut %ﬁ‘ggthe nunber of
ti me intefvalds TRMOLY} in a demand segnment. The denand period field
Nlerr] steres thQ:)nUWb@faﬁﬁmﬂﬁﬂﬁi@d s928MBBbfed méaslOraERtReEbOdn | f
N err] |s zg en (e:lc__)ﬁlll et or 22a will not generate a demand profile.
10 Fﬂ“ﬁ 185 e el'5A assum ng that the interval

9 d) extracting said measurements from said

10 transmissions with said intermediate device;

11 e) analyzing said measurements to generate a

12 metered function of said parameter with said intermediate
13 device; and

14 E) transmitting said metered function to a

15 central station.
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time T[err] is 2.5 mnutes, collector 22a ge@e Q%{g@l gk-g d eriods
210 of twenty mnutes by setting Nerr] to gi 8% . 5420 m& per
demand segnent) and setting: Nl err] to one (1*20=2Q m nutes per demand

period). 15 INTERNATIONAL| SBARCHFIREPORTB, col | ect ¢/intcpndtions epplintivh dlg.
rol1ing demand periods 220 of thirty m nutes which| pcTouserdiog by twenty

m nut es_D etting N prr] do four (4*2 5210 monutes per denand segnept )
and N| g, Q7% UContinulibod -, BN per|od) 20
Derranl Hﬁ?ﬁx \“'l‘l -n.n w a_hal d he _dat 5

t he dé¢nmand s, and the tQtaI t he ffer | recal ul at ed, each
new dé¢ mnd@@%ﬂ“ﬂp ﬂﬁeq:éﬂglﬁ %HQWPHQ 'l%rﬂb nesSign peak
t hat between pasentheses PGE lpéﬂe b}@&)& | f the new demand 25 cal cul ation i3
great ¢r than the stored demand peak, the new cal culation is stored to
the mpter object along w tNEW ABSTRACUTO tine of the demand period. One
demand peak may be stored for each ti me-of -use bin. In a

recovéry oge denand
ol a@m*if&@a o L0 o o o S L

For o ) with hed I i ne
225 r¢ callyumeagures a parsmetes, suchras electrigityt Sonsumptinti,t i on,
the c n mswrwmmmdmﬁnhrﬂﬁuonamm Go2) perivdically ransniitsienand
segnel %ﬂﬁed measuremetGnformatiti%o a collector (FIG. 8) by a wireless signal

PCU UP9@4)1 %¥hen a collector (22a-22c) receives a transmission (24), it determines which
meter (20a-20k) sent the transmission (24), and then extracts unprocessed

measurement information. The collector (FIG. 8) then processes the measurement
information to generate a metered function, such as a load profile (FIG. 13), a
time-of-use profile (FIGS. 14A & 14B), or a demand profile (FIGS. 15A & 15B).

The collector (FIG. 8) can compensate for missed transmissions (24) and power
failures. The metered functions for each meter (20a-20k) are transmitted from the
collectors (22a-22c) to a monitoring station (26).
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-7344- ace period lasts until a grace num EPM@EMENWSHEE qaZuor‘ééen§ S
ti mes hav® passed. The grace period prevents arcostomer TTom b mdPDS
penal i zed for the power surge:that usually o curj iqé$ﬁwﬁ%g I h

restoration of power. 5 - A nmeter object y al I hC e qual ity
metric, I .e., a measurenent of the perfornmange E 10.

The quallty metric may include the total _Zunber |of pover failufes at the
neter and a m s §ing data fje showi n t-at—etrectricat—Tohsunpt i on
that was not 10 ngGPPﬁ%‘ﬁb &ﬂt&}_&ﬂ—fﬁﬁﬁgFéﬁgg the meter measupeReR{s Phe

met eri ng syqpapmnf magnatésenhpe omnmempuOErpmGMbQQSfarﬁﬁaﬁgéq&ﬁnkeVe| W th
mul tiple neter ct1 g § I%ctlgn level wth n*& 5 E coIIectors Each
met er perlodf ¥ eB{5357 mePEPECLAOR a5 ThE BF Bfr pEPEQach is
consunpti on, tendsetmoee thapiequertersf thatmeasludeeat fickaphodessor,

peri odical ly téfg A re isters to a collector by a

wirel ess gna?ﬂ156ﬂtgegeggﬁﬁggsg%%rgégf98 O4eEPIMsHPssion, it

det er mi nes vwmepragrammean1theatpawsunaiamnblamdngheﬁhéautétEéCtS t he new,

mogslr et SACEpHERETE BT be g FRETUERRC Hebendifiar Sn S5 RokathRdiile, o

time-of -use plo€kle, Agala,d@h&n@ommehtbeofThhecmbgestets aréan conpensate

f dt 15 t f t f
cach motor eOrTEEERLTBY, BRYSIRAT spapkBidhit: UReBEtEhRE R Yoy FASS8: at i on.
The oper at orcofpias meterisngrey sxpmngdver mndesinimelinbde. @atered functions
are used by f ggtﬂemaer' Qg3 aly gi&wer faidure?"e 'e‘é%cga f‘#ﬁrl 4k ??éﬁco”pa”y

may have the moni tofi ng stati enerate a custoner § the
meter ed funcfrem. real time anﬁh@npﬁ@@@ﬁ?epﬁv§ngn6newamabeba descrlbed in
terns of gnetehented . enbodi nent. The invention, however, is

Another problem with electromechanical meters is
that meter measurements need to be gathered by physical
inspection by "meter readers". The physical inspection
of meters by is expensive. An automated system to
electronically transmit metering information could
provide considerable cost savings. However, a
residential community may have tens or hundreds of
thousands of meters. Even with computers, the
simultaneous monitoring of tens of thousands of meters by
a central computer system is difficult.

Summary of the Invention

In general, in one aspect, the invention provides
a metering system having multiple telemetry devices and
multiple collection devices. There are fewer collection
devices than telemetry devices. The telemetry devices
include a sensor to measure a parameter to generate
measurements, a memory configured to store the
measurements, and a transmitter to transmit the stored
measurements to a collection device at transmission
times. Each measurement is transmitted at a plurality of
different transmission times. The collection devices

Feabg3-
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not-limted to the enbodi nent depicted and descri bed. REPLACEMENT SHEET
PCT/ US97/ 01042 WO 97/ 29466 - = ‘

the scope of the invention is defined by the appended cIainF.
1. A data collection system conprising:

plurality of telenmetry devices, each including

a sensor configured to generate a sergjes of successive
measuring a paraneter at a series of "Teasurenment tines,

sixty, 432.0 Watt-Hours of electricity were consumed in
discrete time interval 158 (see FIG. 7).

Meter objects 172b-172d have the same format as
meter object 172a, but may have different values for the

configuration parameters. For example, meter object 172a

A4 0 1@9@_6‘

nmeasur enments by

may have T;, set to 2.5 minutes whereas meter object 172b
has T,, set to 3.5 minutes.

The relationship between the measurement time, the
interval time T,,, the receipt time of a transmission,
the alignment time of a transmission, and the sequence
number, is illustrated by FIG. 10. FIG. 10 shows a

N previous transmission 24y and a more recent transmission
24z. Specifically, for each transmission, the difference
between the measurement time at the meter and the receipt
time at the collector is equal to alignment time T, of
the transmission. '

With reference to FIG. 9 , meter object 172a may
also include the following information about the previous
and most recent transmissions from meter 20a: the
cumulative totals (0ldTotal and NewTotal), the times of
receipt (0ldTime and NewTime), the alignment times
(01dT,;:q, @nd NewT,;;), the sequence numbers (OldSequence#
and NewSequence#), and the power failure maps (see FIG.
6). This information is used, as described below, to
analyze the new transmission from meter 20a and extract
the previously unprocessed measurements.

Returning to FIG. 10, after each transmission,
collector 22a will process the “new" measurements, i.e.,
the measurements in the most recent transmission 24z
which were not included in the previous transmission 24y.
Collector 22a may ignore the "old" measurements, i.e.,
the measurements in the most recent transmission 24z
which were included in the previous transmission 24y.
Because sequence number counter 72 is incremented with
each measurement, the number of new measurements in
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{87) Abstract

A metering system (10) provides a measuring level (12) with multiple meters (20a-20k) and a collection level (14) with multiple
collectors (22a-22c). Each meter {fig. 2) periodically measures a parameter, such as electricity consumption, and storcs measurement
information. Each meter (fig. 2) petiodically transmits its stored measurement information to a collector (fig. 8) by a wireless signal (24).
‘When a collector (22a-22¢) receives a transmission (24), it determines which meter {(20a-20k) sent the transmission (24), and then extracts
unprocessed measurement information. The collector (fig. 8) then processes the measurement information to generate a metered function,
such as a load profile (fig. 13), a time-of-use profile (figs. 14A & 14B), or a demand profile (figs. 15A & 15B). The collector (fig. 8)
can compensate for missed transmissions (24) and power failures. The metered functions for sach meter (20a-20k) are transmitted from the
collectors (22a-22¢) to a monitoring station (26).




37 4. The data collection systemof claim1l wherein each
of said telenetry devices discards the ol dest measurenent stored in nenory

and stores in nenory a new neasurenent from said sensor. 5.
The data col | ggd géystenlof clairm |l wherein the nmenory ofpggch telenetry
device is conflgure to store eighteen nmeasurenents. 02g,

The datar%gllectlon systemof claim1l wherein each of said telenetry
devi ces rther includes a tiner haviggnf predeterm ned tine interval,
wherein the expiration of said predet fdhed time interval causes said

sensor to generate a neasurenent. 7. The data coll ection
systemof claim6 wherein said predetermned tine interval is approxi mately
2.5 mnutes. 8. The data col l ection systemof claim®6

wherein restorati onB{ power fol 0w : r failure causes the sensor of
each telenmetry device to generate a %8 ure nt. 9. The

data coll ection system of cl284 L Ahergin 28 said col |l ection
device further includes a menory confi guré€l tolstore a dat a7 pbj ect
representing a gi vea-telereti4q -device. fiomwhich TBE Qolhectlon devi ce

recei ves transni sfeBas, 2%h 0. The datg_col | hOﬂ system
of claim9 wherein| sai d Yol Jection deV|ce fyrt i ncl udes a
cl ock confi gured tQ det gk ne a recei ptAN \ '
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time of a current transm ssion received fromthe given telenetry device,
the data object representing the given telenetry device includes a receipt
time of a previous transm ssion fromthe given telenetry device, and

38 wo 9n04cgN€ Processor of the collection device [ s configured to
conpare the receipt time of the current transm ssion receiv PN % e
given telenetry device to the receipt tinme of the previous transm ssion

recei ved omthe given telenetry devi cle 11. The data
coll ection systemof claim9 wherein 2711 ~the nenory of each
telenetry device is configured to store a nunber, t he given
tel emetry device increnents said nunber each tine a 1r_}rgeasurement S
generated, ____ __ _ __ _said stored nunber is trapStitted by the
transnitter lof the gjven telggelry device Th a CUMTEM =T AMSTSSiom —|
the data obj'ect rep% P mo~i ey gi ven tel enetry device includes a nugpber

transm’tted'in a pre v io%ﬁrecei ved fromthe given telenetry
devi ce; and of the collection device is |
configured fo c%?rpr Hransmitted in the current transmission to

t he nunber tjr ans#H

ogg transm ssi on. 2.
The data colll e \\;- S wher ei n each of S%ii d
tel emetry dévices Tncl yde & detecting a r failure,, -58 i
the nmenory éf each tel gmef{ry I ce \ s conf or g= hl pre
i nformat i onii ndi cat46m’v\,hat e ' e ROVATION! (Wab geIdphe |
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failure, said power failure information is transmtted by the
transmtter of the given telenetry device at said transm ssion tines, and
the data object representing the given telenetry device includes said

transmtted p ure information received by the col l ectjon device

fromthe gi veﬁwfeglnie%éét ry devi ce. Thei’ﬂ{uﬁ” B84 ect i on

system of ,cl aim9 wherein sai d rretered function is a | oad

profile, d the data ob} ect includes the duration of a | oad

profile period. 371

REPLACEMENT SHEET '

39[9 39 14. The data col | egfion sygtemofclaim9

wher ei n id netered fpocti Ls g tife- ﬁéﬁﬂﬁkﬁ&é :

t he data object | plurality o of -uge neasu

the nenory of thgwggmé}n device | MHET 2l INTERVALO i nk a

measurenent time o Surenent to o i me- of -juseTiMER 80engnt s.

15. The data collection systemof claim9 wherein sdi d

nmetered function is a demand profile, and f83 t he data oéyect

I ncludes a duration off§4demand pr of [t ert-oth The

data col | eftTon systemor——ctai V\/ﬂ’l&"lﬁr%@ BRSnp te(rJ |SSE'EPQWE|;1 from

t he group tonsi st'ﬁﬁ‘@&MEﬂTect richl pbwef2- Q‘TQME 17 oW vd t agFLAGEE ent
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17. The data collection systemof claim 16 wherein said paranmeter is

el ectrical power. 18. The data col |l ecti on system of
claim 16 wherein said paraneter is fluid fl ow. 19.
The data collection systemof claim18 wherein said fluid is _natural gas.
20.  The dat ¥ CUP®8 i on systemof claim18 wherein said f PGPS0 R o .
21. A nethod of collecting data conprising the steps of:

a) gem{a—rati ng a series of successive neasurenents by neasuring a
paraneter with a telenetry device at #Ak%ties of measurement tines;
b) storing a plurality of said neasurenents in said telenetry devi 9e,
c) transm tting said storeds n to a collection device’&pa
series SST [ d)
extracting/sE OALOB RESETEINTERVAL
transni ssi pns_ HNTERVAL4 ¢ COUNTER 68
TIMER 60 (Tint) (Nelapsed = 0)
‘No ¢ 12
SET ALIGNMENT
TIMER 62 (Taiign)
TO RANDOM
TIME BETWEEN
FIG._5C ¢ 1 el
- : 104
INCREMENT 1
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(Nelapsed = COUNTER 44 TO
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. f106 ‘ f105
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e) generating a netered function of said paranmeter with said collection
devi ce by analyzing said series of successive neasurenents; and

f) transmtting said nmetered function to a nonitoring station.

22. The meth f claim?21 further conprising the steps of;

storing an olagﬂ 2%@? in said collection device, Pc"ﬁ%ﬁ@”ﬁfing a
new nunber in said telenetry device each tinme a neasurenent is generated,
transnit%}ng said new nunmber with stored nmeasurenents, and

conparing said old nunber to said newbdubber at said collection device to
det erm ne whi ch neasurenents are new neasurenents which were not previously
recei ved by said collection vice and whether there are m ssing

nmeasur enent s. : (<73. The nethod of claim 22724t her

conpri singlakg step of storing said ol djd8@ber in said telenetry devicCp,
and wherein tfe” 'T@NW'E&N ng sai d jnew nuNBEISITIQN BAEEERNC enent i ﬁg

said old = Fg28¢E
conprij sing ADDR determ ning the reasly exppRegg™es for new
nmeasur ement s receivéﬂﬂ% sai d col |l ectiorf devj ce. s 25. The
met hod of iflm 24 further conprising t Hé245Eps or . STOT] ng
information i1y MESBAGEINBE y devi ce indi cat] MERBAGERSTYRE power fail urp
occurred N } 136\ transnitting shid
informati omt il 4 Cce, dn using said
information tg Set erfrﬁglge&%‘?ﬂggﬁmm)ere nlev!/)Arnggu?%%%ﬁts for which §he
measur enent28yilne cannot be determ ned. r4op “rre—rrertot of
clai m 25 furtt)eBEQHIENGE #{Nsédiensslep of |perforning a
130\
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132\
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134-0
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41 recovery operation for mssing neasurenments or new neasurenents for
whi ch the neasurenent tinme cannot be determ ned. 27. The
met hod of claim 21 further conprising the step of waiting an alignnent
time follow n urement to transmt said stored neasur

28. The net ﬁ%‘g"@@l aim 27 wherein said alignnent tinme i sﬁgg’pé%foé 2
randoml y. 29. The nmethod of claim 27 wherein said
transm sstten occurs followi ng an int egzﬂnunber of neasurenents.

30. The met hod of claim 27 further 1i si ng the steps of:
transmtting sMgnrrent time ffomsaid telenmetry device to said

collector in a@radsmssion. % determning a receipt tine
representing t ' ' = receives said transm ssion, and
subtracting sai ' ' om said receipt time to generate a tine
representing the rreals r of the nost recent neasurenent in the

t ransm ssi on.
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31. The nethod of claim 21 wherein said paraneter is selected fromthe

group consisting of electrical power, fluid flow, voltage, current,

tenperature, pressure, and humdity. 32. The net hod of

cl aim 31 wherein id paraneter is electrical power.
Wpg7

33
The method of wherein said paraneter is fluid flowPCTUSIN0I042

34. The met hod of claim 33 wherein said fluid is natural gas. 43
e) ger‘rekati ng a netered function of _said paranmeter with said

i nt ennedi ate device by anal yzi ng sai d7elsur ement's; and f)
transmtting said nmetered function to a central station.

39. A data collection system conprising a collector having a receiver

configured to receive data transmtfed by a dlugead ity of sensors each of
which is configuredsp sanple a pafar@t@CKvdl ue at di screte neasurenent
times, a processoy configur t 0 geneLalg summary profile & a

received by the r iver ffdmthe pluraljty of/%sors, ,ef'nlﬁaa trgnsmtter
configured to transnjt the sumfary profile t¢d/a mpnitoring staft on.
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40. The data collection systemof claim39, wherein the processor is
configured to generate a load profile fromdata received by the receiver
41. The data collection systemof claim 39, wherein the processor is
configured to _generate a demand profile fromdata received b he receiver.
42. The datngSV?@@tion system of claim 39, wherein the prgzé§§%?mﬁs
configured to generate a tine-of-use profile fromdata received by the
receiver. 43. The ta collection system of claim 39,
wherein the processor is configured Mstimate i nformation contained in
data which was transmtted by a given sensor . but which was not received
by the coll ector based upon data previously received by the collector
fromthe given sengr. § 44, The data coll ection system
of claim39, furth cofgprising a phyrality of sensors each having a

nmet er configured tg san'gl e a paranefsr value at discrete neasurenent
times and a transni&terZconfigured {B transnit data neasured by jhe neter.
45, The data col ectiﬁn system of |cl ai m 44, wherei n each sensof
configured to re tty-transm{ qsasured data to the coll ecfo2
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44

transm ssion received froma sensor.
col | ection sys M
a plurality of‘twgglt’

and, with each transm ssi on,

46. The data collection systemof claim44, wherein
the processor is configured to determ ne whether data is mssing froma

47. The data
| ai m 46, wherein each sensor periodicall transmts
asurenents during a current data coll éﬁ'%iff‘ﬁ’

each sensor transmts a sequence nunber

842 od

represent-i—}ﬁg the order and the nunber of neasurenents nade by the sensor
during the current data collection per9a5d1

col l ection system of claim47

wherein the coll ector

48. The dat a

det er m nes whet her

data is mssing based upon GASEHHaNospissing |Mtﬁ@al§@1mFaMrbdmemaI§}t ai ned
din i

in a current transm ssion

49. The data col |l ecti on g$ydt-ep ¢f
periodically transmts a plurality of
data collection period and, with each transm ssion,

data col |l ection period.
of claim49, wherein the c

recovery period that incl u%’éggk@r Bg'ﬁ%

51. The data coll ection ,y:tgr% =
processor is configured tolédt’ilnh

ol

Y

50.
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52. The data coll ection systemof claim44, wherein each sensor
periodically transmts a plurality of data neasurenents during a current
data collection period and, with each transm ssion, each sensor transnmts a
nmeasure of the dela fromthe time a failure power was detected to the tine
of a transm ssVYBR &f%r power was restored. PCTAUS7/01043 4

The data col |l ection systemof claim 39, wherein each sensor conpri ses:

a clock f identifying a sequence of tine intervals and for identifying a
sequence of data collection periods ead®/kbtresponding to a plurality of
time intervals; andso a nenory configured to store a plurality

of data neg storing a data nEqgyr ene 178 menory at
t he end of - t he I189allty
of stored ¢ E TS ST ¢ i C] —t gber
of stored d 'y X WAJ sd ‘& 2 MB&Bﬂ;@B g
greater tha - i i e ' ¥od.
46

electricity and confi gured
electricity and further con

usage of
190

| g¥cstLeft =
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IndexLeft
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to transmt measured electricity usage data; and a collector
having a receiver configured to receive electricity usage data transmtted
by the plurality of sensors, a processor configured to conmpute electricity
usage information fromelectricity usage data received by the receiver, and
a transmtter YOoH®Mfired to transnit the electricity usage PrVEPHHn to a

noni toring station. 57. The data col |l ecti on system of
cl ai m 56; erein the conputed electricity usage information is a | oad
profile. 58. The dalh/ddl | ection system of claim 56,

wherein the conputed elecbbbcity usage information is a demand profile.

59. The data coIIectLﬁﬁ system of claim 56, mfyerein the conputed
electricity usage information 1sfa tipe-of-ugrpegfile. 60.
The data cllecti onTBEt em of cl iBINGp, furtnkmu&wmprisingﬁ% lurality of
col | ect or s feact—confrgured—to—generatE el ectri chty usage £ g?nation from
data recei yeWNEEKBNDS subset of theqplurality of jthe sgnsdrs. 208

61. The gata-callectian systemof _c| aim 60, fprther fconpri $HAe—e
nonitoring | Qn%i r 8 g]process electr{city ysage i hf ormat{ on
received f 3& ,§§$ ﬁ@Pég A@k o]
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