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ABSTRACT
An autométic meter reading system that includes a head end controller and an endpoint
that is interfaced to a utility meter. The head end controller and the endpoint communicate via
RF communication. The endpoint includes an internal clock that synchronizes itself to a clock

countdown signal. The clock countdown signal is generated by the head end controller through

use of sequence inversion keying.
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SEQUENCE INVERSION KEYED COUNTDOWN TIMER
UTILIZED WITHIN A UTILITY METER SYSTEM

FIELD OF THE NTION
The present invention relates to a method and system for collecting data from remote
utility meters. More particularly, the present invention describes a method and a system for
establishing communication between a reader of an automated meter reading system and a
plurality of utility meters within that system utilizing the bit sequence of a sequence inversion

keyed countdown timer.

BACKGROUND OF THE INVENTION

Wireless automatic meter reading systems are well known. Typically, each utility meter
is provided with some type of encoder/receiver/transmitter endpoint, such as the Itron, Inc. ERT.
In the instance of gas and water meters, that endpoint is likely battery-powered. The endpoint
collects the meter readings and periodically transmits those readings over a network to a central
station. The power limitations imposed by the need for the endpoint to be battery powered and
by regulations governing radio transmissions often prevent direct radio transmissions to the
central station. Instead, wireless meter reading systems utilize a layered network of overlapping
intermediate receiving stations that receive transmissions from a group of meter encoders and
forward those messages on to the next higher layer in the network as described, for example, in
U.S. Patent No. 5,056,107, which is hereby incorporated by reference. These types of layered
wireless transmission networks allow for the use of lower power, unlicensed wireless
transmitters in the thousands of endpoints that must be deployed as part of a utility meter reading
system for a large metropolitan area. |

In 1985, as an attempt to stimulate the production and use of wireless network products,

the FCC modified Part 15 of the Radio Spectrum Regulation, which governs unlicensed devices.
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The modification authorized wireless network products to operate in the industrial, scientific,
and medical (ISM) bands using spread spectrum modulation. The ISM frequencies that may be
used include 902 to 928 MHz, 2.4 to 2.4835 GHz, and 5.725 to 5.850 GHz. The FCC allows
users to operate spread spectrum wireless products, such as utility metering systems, without
obtaining FCC licenses if the products meet certain requirements. This deregulation of the
frequency spectrum eliminates the need for the user organizations to perform costly and time-
consuming frequency planning to coordinate radio installations that will avoid interference with
existing radio systems.

Currently, synchronization between a transmitter and a receiver is accomplished by using
a synchronization pulse, which may interfere with hardware clock recovery, or by using Barker
coding type approaches, which require receivers to stay on at length. However, these current
synchronization techniques do not prevent collisions in endbound data packets as the endpoints
are not time¢ synchronized between the transmitter and receiver. This lack of endpoint
synchronization further results in limitations on individual cell capacitics as well as inherent
difficulties in implementing message integration technigues.

Accordingly, there is a nced for a battery efficient system for time synchronizing
messages between transmitter and receiver that not only increases individual cell capacities but

also allows for the implementation of two-way message integration techniques.

S THE ON

According to one aspect of the invention, there is disclosed a method for endpoint

synchronization of a high capacity data stream using sequence inversion keying (SIK). Utilizing
sequence inversion keying, a metering network is assigned a system ID that is represented by a
specific bit number sequence. Through careful selection of the bit sequence, multiple system
ID’s, each with their own specific bit sequence, can be implemented within the same geographic

area. When a remote utility meter recognizes its unique system ID, the meter continues reading
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data bits which can give instructions regarding functions to perform, regarding time
synchronization with a central utility station, or regarding receiving transmissions of command
and control data.

According to another aspect of the invention, there is disclosed a mefhod for reducing
battery consumption within individual remote utility meters used in forming metering networks.
Each utility meter includes a receiver that includes means for receiving a signal transmitted by
the reader of either a fixed or mobile utility station. The signal includes a series of unique data
sequences which are specifically selected to identify a particular network from which
information is desired to be collected. Using these unique data sequences, a utility meter can
quickly determine whether the reader is requesting information from the utility meter. If the
signal fails to include its unique data sequence, the utility meter immediately shuts down
eliminating further battery consumption. If the signal does include the utility meter’'s unique
data sequence, the utility meter continues listening to the signal through which are transmitted
additional sequences that can correspond to specific actions to be undertaken by utility meters or
to notices indicating when command and control data is to be transmitted. In the event that
further command and control data is to be sent, the utility meter shuts down until the time
indicated in the prior transmission at which time it powers up and listens to the sequence
pertaining to command and control data. In this way, battery consumption is reduced by
eliminating the wait time of the utility meter with respect to the transmission of command and
control data. Accordingly, the method of the present invention provides for two layers of battery
savings wherein one layer comprises quickly identifying desired networks using a unique data
sequence and a second layer comprises synchronization with regard to receipt of command and
control data.

Various embodiments of the present invention are directed to addressing various needs in
connection with ensuring full coverage and receiving load-shedding feedback using an automatic

wireless meter reading system.
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In a preferred embodiment of the invention, an automatic meter reading system that
includes a head end controller and an endpoint that 18 interfaced to a utility meter. The head end
controller and the endpoint communicate via RF communication. The endpoint includes an
internal clock that synchronizes itself to a clock countdown signal. The clock countdown signal
is generated by the head end controller through use of sequence inversion keying. The clock
countdown signal is preferably generated for less than 60 seconds for each hour in the day, and
more preferably for 30 seconds or less for each hour in the day. The internal clock of the
endpoint is preferably synchronized to the countdown signal every hour of every day. The
internal clock may be synchronized to the clock countdown signal at any point during the
generation of the clock countdown signal.

In a preferred embodiment, the endpoint is battery powered. The endpoint preferably
operates on that battery power for less than 200 milliseconds, and more preferably 100 or less
milliseconds, to synchronize the internal clock of the endpoint to the ¢clock countdown signal. In
another preferred embodiment, the endpoint includes the ability to re-acquire the clock

countdown signal from the head end controller should the endpoint lose the communication with

the controller.

A method for communication in an automatic meter reading system includes the steps of:
(1) generating a clock countdown signal through the use of sequence inversion keying (SIK); (2)
transmifting the clock countdown signal via RF communication; (3) obtaining the transmitted
clock countdown signal; (4) synchronizing a clock to the obtained clock countdown signal; and

(5) time-stamping utility meter data according to a time on the synchronized clock.

BRIEF DESCRIPTION OF THE DRAWINGS
The invention may be more completely understood in consideration of the following
detailed description of various embodiments of the invention in connection with the

accompanying drawings, in which:
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FIG. 1 illustrates a geographic area comprising a pair of fixed networks.
FIG. 2 illustrates an example of a sequence inversion keyed (SIK) countdown timer.
FIG. 3 illustrates a process for initiating 2-way communication between a fixed network

and a collection unit.

FIG. 4 illustrates a process for initiating 1.5-way communication between a fixed
network and a collection unit.

While the invention is amenable to various modifications and alternative forms, specifics
thereof have been shown by way of example in the drawings and will be described in detail. It
should be understood, however, that the intention is not to limit the invention to the particular
embodiments described. On the contrary, the intention is to cover all modifications, equivalents,

and alternatives falling within the spirit and scope of the invention as defined by the appended

claims.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

The present invention is generally directed to a method and a system for collecting data
from a plurality of automatic meter reading networks, each comprising multiple utility meters
with interfacing endpoints, within a designated area. Through the use of network ID's
represented by specific data bit sequences, data from specific individual networks in the
geographic area can be collected. While the present invention is not necessarily limited to such
an application, the invention will be better appreciated using a discussion of example
embodiments in such a specific context.

Referring to FIG. 1, there is illustrated a geographic area 100, shown as a residential
neighborhood, including a plurality of houses 102a, 102b, 102c, 102d, 102e, 102f, 102g and
102h. For purposes of dcscriﬁing the present invention, geographic area 100 is depicted as
including two unique automatic meter reading networks within the boundaries of the geographic

area 100. A first automatic meter reading network 104 comprises a plurality of remote first
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endpoints 100, for monitoring electrical consumption within the individual houses 102a, 102b,
102¢c, 102d, 102e, 102f, 102g and 102h. A second automatic meter reading network 108
comprises a plurality of remote second endpoints 110 for monitoring water consumption within
the individual houses 102a, 102b, 102¢, 102d, 102e, 102f, 102g and 102h. An alternative or
additional network could include a plurality of endpoints interface to gas meters.

For purposes of illustration and clarity, it will be understood that the present invention is
being described with reference to the geographical area 100 including only two automatic meter
reading networks. It is to be understood that additional automatic meter reading networks can
also operate within geographical area 100, the number of automatic meter reading networks
being limited only by the length of the data sequences used in identifying each unique network
as will be further described in the following paragraphs.

For purposes of illustration and clarity, it will be understood that the present invention is
being described with reference to the geographical area 100 being comprised of a residential
neighborhood. In addition to individual houses, it is to be understood that geographic area 100
can include multi-occupant dwellings, such as apartment buildings, condos, townhomes or
duplexes, each multi-occupant dwelling having multiple remote electrical utility meters 106
and/or multiple remote water utility meters 110. In addition, it is to be understood that
geographic area 100 can comprise alternative municipal uses including commercial and
manufacturing facilities alone or in combination with residential facilities.

Generally, remote first endpoint 106 comprises an electrical power source, an electrical
consumption meter, a receiver, a transmitter and a logic circuit. Alternatively, remote first
endpomt 106 could be battery powered. The endpoints 106 are preferably Itron, Inc. ERT
modaules.

Generally, remote second endpoint 110 comprises a baitery power source, a water

consumption meter, a receiver, a transmitter and a logic circuit, Alternatively, remote second
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endpoint 110 could be electrically powered through hardwiring to an electrical power source.
The endpoints 106 are preferably Itron, Inc. ERT modules.

Data collected by the remote first endpoints 106 and the remote second endpoints 110
can be collected through either a mobile collection unit 112, e.g., a motorized vehicle or hand-
held reader, or a fixed collection unit 114, depicted as a transmission tower. Though not
depicted, an alternative collection unit could include the use of an intermediate
transmitter/receiver to extend the range of communication between a colle;:ﬁon unit and remote
first endpoints 106 and remote second endpoints 110. Regardless of whether data is collected by
mobile collection unit 112 or fixed collection unit 114, each collection unit includes a
transmitter, a receiver, an input component and a data storage component.

During installation of the first automatic meter reading (AMR) network 104 and the
second AMR network 108, each of their components, i.e., remote first endpoints 106 and remote
second endpoints 110, are programmed with the current time and date. This provides initial
reference points for use by the logic circuits within the components, Each component of the first
AMR network 104 is also preprogrammed to recognize a first network data sequence or ID 116
while each component of the second AMR network 108 is preprogrammed to recognize a second
network ID 118. First network ID 116 and second network ID 118 each comprise a unique
sequence of data bits in which neither the sequence nor its inverse is capable of repetition within
a data string of specified length. In one embodiment, first network ID 116 and second network
ID 118 each comprise ten data bits, thus providing the possibility for fourteen unique system
ID’s, or in other words, fourteen AMR networks within the geographic area 100. Unique bit
sequences including inverse sequences for a ten data bit ID are listed in Table 1.

Table 1: Unique Sequences for Use in Ten Character Data Bits

1111111111

1111111101
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—

N/A

N/A

e
e
R
N/A 10 0001110110

N/A 12 0000011110 1111100001

1110100001
N/A 14 0001111010 1110000101

The above represents the use of sequence inversion keying (SIK), which is a process in which

N/A 13

counter bits are multiplied by a fixed pseudo-noise (pn) sequence, or its inverse, based on the
data bit value. Use of carefully selected sequences, e¢.g., those provided in the table above,
allows for no duplication between any sequence, or its inverse, with any other sequence or
inverse, in any shifted position. In the above, each counter bit consists of 10 data bits, or 20
chips, if Manchester encoded.

The architecture of the present invention utilizes the 10 bit countdown timer, which
counts sequentially from an arbitrary starting point (which has a maximum valuve of 1023) to
zero. Each counter bit is encoded as a 10-bit sequence, resulting in 100 data bits per count. The
total countdown time is found by taking the number of counts multiplied by 100 then divided by
the bit rate. As an example, the total time for a full 1024 counts, at a bit rate of 4800 bps, is
21.333 seconds. Counter bits are sent MSB first and the underlying p/n sequence is also sent
MSB first, see FIG. 2. While the present invention includes description of an embodiment in

which sequences utilizing ten data bits is described, it will be understood that alternative

8
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embodiments are envisioned, for example, first network ID 116 and second network ID 118 can
constitute data sequences of twenty data bits, thus providing the possibility of hundreds of
unique system ID’s.

When installed, the logic circuit, including a timer, present within the remote first
endpoints 106 and the remote second endpoints 110 is preprogrammed to turn on the receiver at
selected times. For example, the timer can be programmed to turn on the receiver at the top of
every hour, every two hours, every three hours, etc. When tummed on, the receiver looks to
identify the specific network identification to which the receiver component belongs. For
example, in the embodiment in which the first network ID 116 and the second network ID 118
comprise unique sequences of ten data bits, the receiver looks to identify either the particular ten
data bit sequence or its inverse to verify that data is being actively sought from the AMR
network for which the receiver is a component. In the case where the first network ID 116 and
the second network ID 118 comprise unique sequences of ten data bits, the receiver can identify
whether or not its unique network ID is being transmitted by the mobile collection unit 112 or
fixed collection unit 114 within twenty data bits. If the receiver fails to identify the unique
sequence representing the network ID or its inverse, the logic circuit turns off the meter to avoid
further battery consumption.

Generally, a utility will desire information from the remote first endpoints 106 or will
desire to transmit information to the remote first endpoints 106. When initially installed, remote
first endpoints 106 are preprogrammed to include the current date and time. Typically, the logic
circuit will include programming such that the battery powers up the receiver at or just prior to
the top of each hour such that the receiver can receive signals being transmitted by the collection
unit. Preferably, the collection unit begins transmitting signals at a time just prior to the
scheduled power up of the remote first endpoints 106. If communication with the first AMR
network 104 is desired, the collection unit will transmit first network ID 116, or its inverse, in a

repeating fashion.
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Generally, the remote first endpoint 106 conducts an initial three step inquiry to attempt
to verify that the collection unit is attempting to communicate with the first AMR network 104.
In Step 1, the remote first endpoints 106 attempt to identify a sequence of five data bits which
correlate to first network ID 116 or its inverse. If a sequence of five such data bits is identified,
the data bits are decoded and used in Step 2. If not, the receiver is shut down so as to limit
battery usage within remote first endpoint 106. In Step 2, the five data bits from Step 1 are
placed into a ten bit sliding correlator and up to fifteen additional bits are sampled. If a
correlation is found between the first network ID 116 or its inverse within the twenty bits, the
logic circuit proceeds to Step 3. If there is no correlation, the receiver is shut down. In Step 3,
the next ten data bits are checked for correlation with the first network ID 116. If there is a
correlation, communication between the first AMR network 104 and the collection units can
commence in either a true two-way fashion on in a one-way fashion. If there is no correlation,
the receiver is shut down.

Through the use of unique data bit sequences, various degrees of intercommunication can
be established between the components comprising the AMR networks and the collection units.
In one embodiment, the AMR networks can comprise components including sophisticated logic
controllers with the capability of conducting true two-way communication with the collection
units for purposes of collecting specified data as well as conducting remote updating and
configuration of the components. In another embodiment, the fixed networks can comprise less
sophisticated components in which component functions can be related to unique data bit

sequences transmitted by the collection units for purposes of collecting specified data or

remotely updating and configuring the components.

In an embodiment in which first network ID 116 comprises remote first endpoints 106
capable of true two way communication using a ten data bit sequence, a five step communication
progress is depicted in FIG. 2. As described previously, the process includes Steps 1, 2, and 3

wherein confirmation is sought of the transmission of first network ID 116 or its inverse. If first

10
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network ID 116 or its inverse is identified, the remote first endpoint 106 proceeds to a Step 4
wherein up to 30 clock bits, or 300 data bits, are decoded by an upper corrclator and a lower
correlator. If the values in the upper correlator and the lower correlator differ by one, the N,N-1
condition, the remote first endpoint 106 proceeds to Step 5. If not correlation is found within 30
clock bits, the receiver is shut down. In Step §, the remote first endpoint 106 looks for N-2 in the
next ten data bits. If N-2 is found, the remote first endpoint 106 synchronizes itself with the
collection unit to turn on at the appropriate time to receive command and control data. In the
true two-way communication, remote first endpoint 106 actively converses with the collection
unit to communicate data, calibration information or other system information.

In an embodiment in which first network ID 116 comprises remote first endpoints 106
capable of one-way communication using a ten data bit sequence, a four step communication
progress 18 depicted in FIG. 4. As described previously, the process includes Steps 1, 2, and 3
wherein confirmation is sought of the transmission of first network ID 116 or its inverse. If first
network ID 116 or its inverse is identified, the remote first endpoint 106 proceeds to a Step 4
wherein up to 30 clock bits, or 300 data bits, are decoded by an upper correlator and a lower
corrclator. Remote first endpoints 106 are preprogrammed such that additional ten data bit
sequences represent various tasks to be performed. If the values in these 300 data bits correlate
to the preprogrammed data bit sequences or their inverse, the remote first endpoints 106 perform
the task and transmit requested information to the collection units.

The following describes one preferred embodiment for utilizing the sequence inversion

keyed countdown timer of the present invention. This approach utilizes a simplified head end

controller and endpoint for high capacity synchronous data recovery that is capable of accurate
time stamping of the data. The approach allow for straightforward implementation of multiple
message integration techniques because of the known response time of the endpoints. It also
allows high capacity cells (more endpoints per controller) with no overhead management for

smaller systems if the response slot is based upon the serial number.

11
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Specifically, the sequence inversion keyed countdown timer is used as the clock to count

down to the top of cach hour. This requires 24 unique sequences to account for each hour of the
day. Alternatively, 12 sequences can be used in conjunction with resetting the endpoint clock
every two hours.

The endpoint is preferably programmed with the current time and date at installation and
wakes up approximately 15 seconds prior to the top of the hour to listen for the SIK countdown
signal being emitted from the controller. The SIK countdown preferably runs from 30 seconds
prior to the top of the hour until the top of the hour. The endpoint synchronizes its internal clock
to the signal at any point during the 30 seconds. Based on the properties of the SIK countdown,
the endpoint does not have to listen to the entire sequence to know where the exact top of the
hour is located. This approach is very efficient in terms of battery usage because the endpoint is
only up and running for about 100 ms per hour.

In normal operation the endpoint has a default slot in which to respond to the system.
The slots are preferably 250 ms in length and start at the top of the hour and run until 1 minute
prior to the next hour mark. Therefore, there will be 30 seconds of dead air time between the
start of the time mark and the end of the endpoint data transmissions. This timing allows for
14396 slots per hour. If additional slots are needed the synchronization interval can be extended
to two hours and the resulting 28792 slots. This is quite efficient for any low end water utility,
apartment complex, or other sub-metering application.

If the endpoint gets lost, i.e., it does not hear the SIK sequence within X hours, the
endpoint will come up every 30 seconds to check for the countdown sequence thus automatically
re-acquiring the system. Otherwise, the endpoint is only in the receive mode for about 100 ms
every hour to resynchronize and about 30 milliseconds to transmit; a battery-friendly approach.

This specific approach is appropriate for small utilities or micro networks where the full
sync and control may be overkill. However, it can utilize the reading technology and software,

described in the related applications, without the need for complex head end control. The central

12
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control unit only has to pick the correct SIK sequence to send out based on time. As such, the
present invention can be utilized to simplify the head end control and the cost needed for a small
utility to implement a fixed network to collect time stamped data on a recurring basis.

In relation to small utility systems, prior art technology has used a pure transmit bubble
up technology, e.g., Hexagram, with a low repetition rate. However, with a pure bubble up
system there is no guarantee that there will not be a collision in the inbound data packets since
the endpoints are not synchronized. The limits the capacity of a given cell. Additionally, it is
difficult to implement message integration techniques on messages that are not on a predictable
interval. The approach described immediately above enables the solving of both issues while
maintaining excellent battery life and keeping the head end control logic simple and cost-
effective for smaller installations. As such, the SIK countdown timer sequence of the present
invention simplifies the head, reader, and endpoint logic needed to implement a synchronized
system. .

The present invention may be embodied in other specific forms without departing from
the spirit of the essential attributes thereof; therefore, the illustrated embodiment should be
considered in all respects as illustrative and not restrictive, reference being made to the appended

claims rather than to the foregoing description to indicate the scope of the invention.

13
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WHAT IS CLAIMED:

1. An automatic meter reading (AMR) system, comprising;
an endpoint;

an AMR system device externai to said endpoint;
wherein the endpoint is interfaced to a utility meter, wherein said endpoint
includes an internal clock, wherein said AMR system device is capable of
communicating with said endpoint via RF communication, wherein said AMR
system device gencrates a clock countdown signal through the use of sequence
-mversion keying (SIK), and wherein said endpoint synchronizes said internal
clock to said clock countdown signal during generation of said clock countdown

signal by said AMR system device.

2. The system of claim 1, wherein said clock countdown signal 1s generated for less

~ than 60 seconds for each hour in the day.

3. The system of claim 2, wherein said imternal clock is synchronized to said clock

countdown signal every hour of the day.

4, The system of claim 1, wherein said internal clock is synchronized to said clock

countdown signal at any point during the generation of said clock countdown signal.

5. The system of claim I, wherein said endpoint 1s battery powered, and wherein

~ said endpoint operates on said battery for less than 200 milliseconds to synchronize the

intemal clock to said clock countdown signal.

14
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0. The system of claim [, wherein said endpoint includes the ability to re-acquire

said clock countdown signal if said endpoint loses said clock countdown signal.

7. An automatic mcter reading {AMR) system, comprising:
means for interfacing with a utility meter, wherein said means for
‘ interfacing includes means for establishing an internal time: and
means for communicating with said means for interfacing via RF
communication, wherein said means for communicating additionally for
generating a clock countdown signal through the use of sequence inversion
keying, wherein said means for establishing an internal time additionally for

synchronizing said internal time to said clock countdown signal.

8. The system of claim 7, wherein said means for generating said clock countdown

signal generates the signal for less than 60 seconds for each hour in the day.

9. The system of claim 8, wherein said means for establishing an internal time

synchronizes every hour of every day.

10. The system of claim 7, wherein said means for establishing an internal time
additionally for synchronizing said internal time to said clock countdown signal at any

point during generation of said clock countdown signal.

[i. The system of claim 7, wherein said means for interfacing includes means for
independently powering itself, and wherein said means for mterfacing utilizes said means

for independently powering for less than 200 milliseconds while said means for

establishing an internal time synchronizes to said clock countdown signal.

15
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12. A method for communication in an automatic meter reading system, comprising:
generating a clock counidown signal through the use of sequence
inversion keying (SIK);
transmitting said clock countdown signal via RF communication;
obtaining the transmitted clock countdown signat;
synchronizing a clock to the ubtaim:d clock countdown signal; and
time-stamping utility meter data according to a time on the synchronized

clock.

13. The method of claim 13, wherein said generating a clock countdown signal
comprises generating said clock countdown signal for less than 60 seconds for each hour

m the day.

14,  The method of claim 14, wherein said synchronizing comprises synchronizing

every hour of every day.

15. The method of claim 13, wherein said synchronizing occurs at any point during

said step of generating.

16.  The method of claim 13, further comprising independently powering said clock,
and wherein said independently powering occurs for less than 200 milliseconds during

said synchronizing said clock.

17.  The method of claim 13, wherein the generating of a clock signal and the

transmitting of said clock signal are performed by a meter reading device.

16
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18. The method of claim 13, wherein the generating of a clock signal and the

transmutting of said clock signal are performed by a meter reading device that includes a

head end controller.

19. The method of claim 13, wherein the obtaining of the transmitted clock

countdown signal and the synchronizing of the clock 1s performed by an cudpoint device.

20.  The system of claim 1, wherein the AMR system device external to said endpoint

1s a head end controlier.

17
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