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A METERING SYSTEM

Backaround of the Invention

The present invention relates to metering systems,
and, in particular, to distributed metering systems using
wireless communication.

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

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
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.

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.
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One approach is record the meter measurements on
paper, magnetic tape or computer memory for subsequent
collection by physical inspection. The other approach is
to use more complex meters that include a microprocessor,

5 a clock and a memory. The microprocessor is
preprogrammed with a particular billing schedule to
increment a selected register depending 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 Inven

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
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includes a receiver to receive transmissions from the
telemetry devices, a processor for extracting the
measurements from the transmissions and analyzing the
measurements to generate a metered function of the
parameter, 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
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
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
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
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
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
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generate a metered function of the parameter. The
metered function is transmitted to a monitoring station.

The advantages of the invention include the
following. The metering system can provide profiled
metering without physical inspection of the individual
meters and uses wireless communication to transmit
information. In addition, the metering system is cost-
effective, reliable, resistant to power failures, and
adaptable to a variety of applications.

Additional objects and advantages of the invention
will be set forth in the description which follows, and
in part will be obvious from the description, or may be
learned by practice of the invention. The objects and
advantages of the invention may be realized by means of

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,
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.

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.
1.

FIG. 3 is a schematic illustration of a sensor
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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FIG. 5B is a flowchart showing the steps performed
by the meter of FIG. 2 upon receipt of a pulse from a
sensor.

FIG. 5C is a flowchart showing the steps performed
by the meter of FIG. 2 at the expiration of an interval
timer.

FIG. 5D is a flowchart showing the steps performed
by the meter of FIG. 2 at the expiration of an alignment
timer.

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.

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. .

' 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.

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
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.
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FIG. 14B is a schematic illustration of bins for a
time-of-use function.

FIG. 15A schematically illustrates a block demand
profile function.

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
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
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
{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
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
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
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level 12 could include thousands or even hundreds of
thousands of meters. The meters are located as required
for a particular application. For example, an electrical
utility company could place one meter at each house in a
residential neighborhood to measure electrical energy
consumption.. As described below, each meter may be
constructed similarly. _

Collection level 14 includes collectors 22a-22c.
The collectors are located to receive transmissions from
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
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
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
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
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
from fifty to one thousand meters, more preferably two
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hundred to five hundred meters. Each collector and its
associated meters form a "cell". Meters 20a-20k may be
"transmit only” devices; i.e., the meters are not able to
receive transmissions from collectors 22a-22c¢. Each
meter 20a-20k may have only enough processing power to
perform measurements and transmit the measurements to
collection level 14.

Although FIG. 1 shows only three collectors,
collection level 14 could include hundreds or thousands
of collectors, depending upon the number of meters in
metering level 12. Collectors 22a-22c communicate 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
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, collecticn level
14 is "intelligent". As will be explained below,
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
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
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
constructed of non-volatile memory devices, such as

PCT/US97/01042
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erasable programmable read-only-memory chips (EPROMS), so
that stored measurements are not lost if power supply 34
fails.

Meter 20a measures the parameter at a series of
measurement times. In normal operation a set time
interval T,,, such as 2.5 minutes, separates each
measurement time. Meter 20a can be configured either as
a pulse accumulator meter or as a sampling meter. 1In the
pulse accumulator mode, sensor 32 is triggered by a
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

register and the counter is cleared. In 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
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
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
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-
up chart to the stored measurements, are possible.
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Meter 20a transmits its stored measurements to
collection level 14 at a series of transmission times.
Memory 38 stores a transmission frequency N,, which
represents the number of measurement times per
transmission. Processor 30 triggers a transmisesion time
after N,, measurements. At the transmission time,
processor 30 causes transmitter 40 to transmit the
contents of registers 42-0 through 42-17 to collector
22a.

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
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
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
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
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
activated, the rotational direction of the blade can be
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determined. For example, if first right sensor 52a, and
then left sensor 52b detect the presence of a blade, the
blade is rotating clockwise. Sensor 32 may also include
a blade counter 58 which is incremented each time a
forward rotation of the blade is detected. When the
count by blade counter 58 equals the number of blades
attached to the shaft, a full rotation of disk 48 has
occurred. Sensor 32 then sends a pulse to processor 30
to increment counter 44 and resets blade counter 58. The
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.
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
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.

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
time between each measurement time, i.e., time interval
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
measurements from sensor 32 and transmit those
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measurements to collector 22a, as will be explained below
with reference to FIGS. 5A-SE.

Memory 38 stores the time interval 63a, T,,, as a
constant, i.e., a value which is not changed by the
normal measurement and transmission operations of the
meter. As discussed above, time interval T,,, represents
the duration of time between each measurement time.
Another constant stored in memory 38 is the transmission
frequency 63b, N,,,, which represents the number of
measurement times per transmission. By providing more
registers in register set 42 than transmission frequency
N.,, €ach measurement is transmitted at multiple
transmission times.

Memory 38 stores an elapsed interval counter 68,
Nejapsea: a8 a 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
measurement time, and when N, ©quals 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
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
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
same number of bits, e.g., eighteen, as there are
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registers in register set 42. Each bit 64-0 to 64-17
represents whether a power failure occurred in the
interval represented by the corresponding register.
Anther variable stored in memory 38 is a power-up flag 66
which is set on when the power supply is restored.
Power-up flag 66 is set off after the first transmission
following restoration of the power supply.

Memory 38 is also configured for special routines
to handle power failures. Memory 38 stores a power-
failure delay variable 74, Ty.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

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

Additionally, memory 38 is configured to count the
to;al number of pulses generated by sensor 32. Memory 38
stores a variable cumulative pulse counter 70, Ny,
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
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
sequence number counter 72, Ngequencer 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
code 78, ADDRESS. Each meter in metering system 10 has a



10

15

20

25

30

35

WO 97/29466 PCT/US97/01042

- 14 -

unique identifying code ADDRESS which is included in each
transmission so that a collector can correctly identify
the meter which is sending the transmission. Memory 38
may also store a meter serial number identification (not
shown) which is set at the manufacturing plant.

In both the pulse-accumulator meter and the
sampling meter, processor 30 is programmed to perform
measurement and transmission operations. The programs
performed by the sampling meter will be explained after
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.
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,
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). Alsc, in step 82, each bit in power-
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
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
N,, (step 85). The processor then awaits the next event.
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As shown in FIG. 5B, when processor 30 receives a
pulse from sensor 32, it increments counter 44 by one
{step 90) and increments cumulative counter 70 (step 91}.
Then, processor 30 will determine if cumulative counter
70 exceeds the maximum total by comparing Niga tO Npaeorar
(step 92). If Nya i8 greater than Npora:r the
cumulative counter 70 is reset to zero (step 93). The
processor then awaits the next event.

As shown in FIG. 5C, when interval timer 60
expires, processor 30 begins by determining whethex
elapsed interval counter 68, Ng,pe.a: ©quals the
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
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-
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
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
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
may continue operating if power supply 34 fails. As
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shown in FIG. 5E, if power supply 34 fails, processor 30
waits a random time period T, (Step 140) and then
determines whether power supply 34 is restored (step
141). If power supply 34 is not restored, then in step
142 processor 30 causes transmitter 40 to send a power-
failure transmission 24’. In the event of a widespread
power-outage, waiting for a random time period reduces
the likelihood of colliding power-failure transmissions
from multiple meters. Waiting for a random time period
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
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
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
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
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
for the sequence number counter N, ene. & field 130 for
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the alignment time T,,, of the transmission and a field
132 for power failure map 64. Following the power
failure map, the transmission includes eighteen fields
134-0 to 134-17 for the contents of the eighteen
registers of register set 42. Finally, the transmission
includes a cyclic redundancy check (CRC) 136 to ensure
that no data has been lost or corrupted in transmission.

The contents of a sample power-failure
transmission 24’ are shown schematically by FIG. 6.
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
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.

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
from sensor 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
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-
accumulator meter, takes a series of measurements.
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Referring to FIG. 7, the series of measurements 150 are
shown as a graph of the measured parameter as a function
of time. An individual measurement 152 represents the
value of the parameter during a discrete time interval
154.

In a pulse accumulator configuration, measurement
152 represents the number of pulses generated during
discrete time interval 154. For example, if meter disk
48 rotates fifty-three times during discrete time
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
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
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
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
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
the transmission frequency N,,,, processor 30 triggers the
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alignment timer (see step 102 of FIG. 5C). The
transmission occurs only after the expiration of the
alignment time T,;,, as determined by the alignment timer
(see step 110 of FIG. 5D). Thus, alignment timer 62
offsets the transmission time from a measurement time by
a random amount, Tz A random transmission time for
each meter reduces the probability of collisions between
transmissions from meters 20a-20k.

Five transmissions out of a series of ten
transmissions 24a-243j are shown in FIG. 7. If there are
eighteen registers and there is a transmission every two
intervals, then each measurement in series 150 is
transmitted nine times. For example, a measurement 156
for a time interval 158 is initially stored in register
42-0 and sent in field 134-0 of transmission 24a. In 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
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.

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

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
22a, includes a receiver 160, a central processing unit
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(CPU) 162, a clock 164, a memory 166, and a transceiver
168. Receiver 160 picks up transmissions 24 from meters
20a-20d (see FIG. 1) and delivers them to CPU or
processor 162, which then stores each transmission 24 in
memory 166. Transceiver 168 sends transmissions 28
containing the metered function for each meter 20a-20d to
monitoring station 26. Transceiver 168 may also receive
transmissions 28 from monitoring station 26 to configure
the collector and determine which metered functions the
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-
172d. Each meter object 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
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, Npyeoear: ©f the cumulative counter.

The meter object 172a may also include a maximum
count rate N, .. Which represents the wmaximum 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
Npaxrace 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
of electrical energy. Therefore, if measurement 156 is
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sixty, 432.0 Watt-Hours of electricity were consumed in
discrete time interval 158 (see FIG. 7).

Meter objects 172b-172d4 have the same format as
meter object 172a, but may have different values for the
configuration parameters. For example, meter object 172a
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
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. 8, 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 (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
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
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
each measurement, the number of new measurements in
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transmission 24z is equal to the difference between the
new value (NewSequence#) and old value (OldSequence#) in
sequence number field 128. If no transmissions are
missed, the difference between the old and new sequence
numbers will equal the transmission frequency Nep. For
example, if N,,, equals two, and no transmissions are
missed, then only the two most recent measurements (from
registers 42-0 and 42-1 in FIG. 5) will be new. However,
if several transmissions are missed, then the difference
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.

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
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
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,
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
(01dT,,;q,) from its receipt time (0OldTime). As will be
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described below, the metered functions are calculated
from the times T, and T, at the beginning and end of the
new measurements.

There are two basic sources of error in metering
system 10: missed meter transmissions and power failures.
Due to interference and the possibility of collisions
between meter transmissions, there is a some likelihood
that a transmission from a meter will not be received by
its associated collector. As described above, and as
shown in FIG. 7, measurement 156 in a discrete time
interval 158 is repeated in nine transmissions 24a-24i in
a row. Therefore, a measurement will be lost only if all
nine successive transmissions 24a-24i fail.

Power failures pose a more complicated problem;
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
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
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.
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
power is restored. Because the power failure may last a
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few seconds or several hours, the duration of the power
failure interval depends upon the duration of the power
failure.

In the event of either missing intervals (due to
nine successive failed transmissions) or power failures,
collector 22a will 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
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
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
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
single power failure interval 235. 1In 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
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
nine or more transmissions were missed, so there are
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missing measurements (shown by the gap between the
previous transmission 24y and the new transmission 24z).
In this case, the recovery operation is performed for the
recovery period between transmissions 24y and 24z.
Finally, in Case#5, there is at least one power failure
"F" in the new measurements and there are missing
measurements. Recovery period 230 covers the time from
the previous transmission 24y to the most recent power
failure interval 238.

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
#0 and IndexLeft 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
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
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
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
will be the times at the beginning and end, respectively,
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of recovery period 230. Similarly, when walking program
175 is complete, TotalLeft and TotalRight will equal the
cumulative total N,,, at the beginning and end of
recovery period 230.

Referring to FIG. 12, walking program 175 begins
by setting several variables (step 180). IndexRight is
set equal to zero to point to the last new measurement.
The walking program accesses meter cbject 172a to set
variable TimeLeft equal to the time T, at the beginning of
the first new measurement. TimeLeft equals the receipt
time (0OldTime) minus the alignment time (014T,,54,) 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
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
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
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
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
eighteen, then the walking program begins a forward walk
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of IndexLeft. First, IndexLeft is set equal to
NewSeguence$## minus OldSequence# minus one (step 182).
Then, the walking program determines whether there was a
power failure interval at IndexLeft by examining the
power failure map from the most recent transmission (step
183). If the measurement is not associated with a power
failure interval, then the walking program determines
whether the IndexLeft and IndexRight now point to the
same measurement (step 184). If IndexLeft is not equal
to IndexRight, then agent program 170 processes
measurement IndexLeft (step 185). The processing step
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
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
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
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.

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
190). If IndexRight is not equal to IndexLeft, then the
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walking program determines whether there is a power
failure in interval IndexRight (step 191). If IndexRight
equals IndexLeft, or if a power failure is detected in
step 181, then the walking program ends and the agent
program runs a recovery operation (step 192). The
recovery operation will be described below, but, in
brief, it uses the cumulative totals TotalRight and
TotalLeft to estimate the missing measurements.

If no power failure is detected in step 191, then
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
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
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
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
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
certain times of the day. In one embodiment described
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below for an electrical utility company, a collector can
generate a load profile, a time-of-use profile and a
demand profile.

A load profile is a chart of the rate of use of
the parameter in set time increments. For example, the
electrical utility company might wish to know the rate of
use electricity in a household for each hour during a
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
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
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
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
demand period 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.

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
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have a different calculation (in steps 185 or 198) and a
different recovery operation (in step 192).

As shown in FIG. 13, each collector can provide a
load profile graph showing the consumption of electricity
(in kilowatts per hour) for each hour in the day at a
particular meter to the monitoring station. The
collectors generate the load profiles by analyzing the
measurements from the meters.

Meter object 172a may contain a load profile
intexval field N;,;,. 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
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
profile. In 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
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
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
center of the interval will be located at 11:30:15 A.M.,
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and therefore the measurement for that normal interval
will be added to the 11:30 A.M. to 12:00 P.M. load
profile period.

If there are any power failures or missing
measurements, then collector 22a performs a recovery
operation (step 192 of FIG. 12). 1In a recovery
operation, collector 22a first calculates the difference
Nyi¢e between TotalRight and TotalLeft. Then collector 22a
determines whether the recovery period 230 (see FIG. 11)
between TimeLeft and TimeRight fits within a single load
profile period. If so, then Ny, is added to the
appropriate load profile period. If not, then Ny,  is
added to a quality metric stored in the meter object, as
discussed below.

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.

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
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
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
calculate the total energy consumed during the peak
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consumption hours in order to bill at a higher rate.
Schedule 200a may be considerably more complicated, and
may include references to calendars with holidays or
other special days.

Time-of-use profiles are calculated in much the
same way as the load profile. For each normal intexrval,
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
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
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
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-
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
Caseff2 in FIG. 11. In 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
its associated meters to generate a demand profile
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showing the time and amount of highest consumption of
electricity (in kilowatts hours) at a particular meter.

Meter object 172a may contain a demand segment
field Np; and a demand period field N,;. The demand
segment field N,; stores the number of time intervals T,,
in a demand segment. The demand period field N,, stores
the number of demand segments in a demand period. If N
is zero then collector 22a will not generate a demand
profile.

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).

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).

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
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,
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
grace period before starting a new demand segment. The
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grace period lasts until a grace number N, of
measurement times have passed. The grace period prevents
a customer from being penalized for the power surge that
usually occurs following the restoration of power.

A meter object may also include a quality metric,
i.e., a measurement of the performance of meter system
10. The quality metric may include the total number of
power failures at the meter and a missing data field
showing the total electrical consumption that was not
used in the metered functions.

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
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
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
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 _
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.

PCT/US97/01042
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Rather, the scope of the invention is defined by the
appended claims.
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1 1. A data collection system comprising:

2 a) a plurality of telemetry devices including
3 i) a sensor to measure a parameter at a
4 sgeries of measurement times to generate a series of

5 successive measurements,

6 ii) a first memory configured to store a
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 piurality 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

2 wherein said transmitter generates wireless

3 transmissions.

1 3. The data collection system of claim 1

2 wherein said sensor includes:

3 a counter for storing a value,

4 means for incrementing said counter upon receipt
5 of a trigger signal, and
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means for storing said value from said counter in
said first memory and resetting said counter at said
measurement times.

4, The data collection system of claim 1
wherein said telemetry devices discards the oldest
measurement stored first memory and stores a new
measurement from said sensor in said first memory.

5. The data collection system of claim 1

wherein said first memory is configured to store eighteen
measurements.

6. The data collection system of claim 1
wherein

said telemetry devices further include a first
timer having a predetermined time interval, wherein the
expiration of said predetermined time interval cause said
sensor to generaté a measurement.

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

8. The data collection system of claim 6
wherein restoration of power following a power failure
causes said sensor to generate a measurement.

Q. The data collection system of claim 1
wherein

said collection devices further include a second
memory configured to store a plurality of objects
representing telemetry devices from which the respective
collection device receives transmissions.
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10. The data collection system of claim 9
wherein

said collection devices further include a clock
for determining a receipt time of a current transmission
from a telemetry device,

the object representing said telemetry device
stores a receipt time of a previous transmission from
said telemetry device, and

said collection devices further include a
processor to compare the receipt time of the current

transmission to the receipt time of the previous
transmission.

11. The data collection system of claim 9
wherein

said first memory is configured to store a number,

a telemetry device increments said number each -
time a measurement is generated, )

said stored number is transmitted by said
transmitter in a current transmission from said telemetry
device,

the object representing said telemetry device
stores a number transmitted in a previous transmission
from said telemetry device; and

said collection devices further include a
processor to compare the number transmitted in the
current transmission to the number transmitted in the
previous transmission.

12. The data collection system of claim 9
wherein

said telemetry devices include means for detecting
a power failure,
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said first memory is configured to store power
failure information indicating whether each stored
measurement was generated following a power failure,

said power failure information is transmitted by
said transmitter at said transmission times, and

gsaid objects store said transmitted power failure
information. '

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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17. The data collection system of claim 16
wherein said parameter is electrical power.

18. The data collection system of claim 16
wherein said parameter is fluid flow.

19. The data collection system of claim 18
wherein said fluid is natural gas.

20. The data collection system of claim 18
wherein said fluid is water.

21. A method of collecting data comprising the
steps of: '

a) measuring a parameter with a telemetry
device at a series of measurement times to generate a
series of successive measurements; _

b) storing a plurality of said measurements in
said telemetry device;

c) transmitting said stored measurements to a
collection device at a series of transmission times;

d) extracting said series of successive
measurements from a series of said transmissions with
said collection device; _

e) analyzing said series of successive
measurements to generate a metered function of said
parameter with said collection device; and

£) transmitting said metered function to a
monitoring station.

22. The method of claim 21 further comprising
the steps of:

storing an old number in said collection device,

generating a new number in said telemetry device
each time a measurement is generated,
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transmitting said new number with stored
measurements, and

comparing said old number to said new number at
said collection device to determine which measurements
10 are new measurements which were not previously received
11 by said collection device and whether there are missing
12 measurements.

v 0 3 O

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.

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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27. The method of claim 21 further comprising
the step of waiting an alignment time following a
measurement to transmit said stored measurements.

28. The method of claim 27 wherein said
alignment time is selected randomly.

29. The method of claim 27 wherein said
transmission occurs following an integer number of
measurements.

30. The method of claim 27 further comprising
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.

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.

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

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

34. The method of claim 33 wherein said fluid is
natural gas.
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35. The method of claim 33 wherein said fluid is
water.

36. The method of claim 21 wherein said
transmissions are wireless transmissions.

37. A network for collecting data generated by a
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

iii) a transmitter to transmit said stored
measurements to an intermediate device at a plurality of
transmission times; and

b) a plurality of intermediate devices, there
being fewer intermediate devices than data generating
devices, said intermediate devices including

i) a receiver to receive transmissions
from a subset of said plurality of data generating
devices,

ii) a procéssor for extracting said
measurements from said transmissions and analyzing said
measurements to generate a metered function of said
parameter, and

iii) a transmitter to transmit said metered
function; and

c) a central station for receiving said
transmitted metered functions from said plurality of
intermediate devices.

38. A method of collecting data comprising the
steps of:
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a) measuring a parameter with a sensor to
generate measurements;
b) storing a plurality of said measurements in
a memory;
c) transmitting said stored measurements to an

intermediate device;

d) extracting said measurements from said
transmissions with said intermediate device;

e) analyzing said measurements to generate a
metered function of said parameter with said intermediate
device; and

£) transmitting said metered function to a
central stationm.
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