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(57) ABSTRACT 

A mobile data collection system may perform or facilitate 
monitoring and management of mobile automatic meter read 
ing (MAMR) activities via out of route meter read identifica 
tion and graphical route playback. In identifying out of route 
endpoints, the mobile data collection system receives an indi 
cation of each of the endpoints included in a predetermined 
meter reading route. The mobile data collection system 
executes the route detecting endpoints and collecting location 
information relating to out of route endpoints that are not 
included in the predetermined route. Location information 
identifying the out of route endpoints is then presented to a 
user. In facilitating graphical route playback, the mobile data 
collection system collects information as it progresses 
through the route. The collected information may then be 
used in a graphical playback of the route, which shows the 
mobile data collection system dynamically traveling through 
the route (e.g., on a map) and reading endpoints. 
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MAPPING IN MOBILE DATA COLLECTION 
SYSTEMS, SUCH AS FOR UTILITY METER 
READING AND RELATED APPLICATIONS 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

0001. This application is a divisional of U.S. patent appli 
cation Ser. No. 1 1/872,547, filed Oct. 15, 2007, which is a 
divisional of U.S. patent application Ser. No. 10/903,866, 
filed Jul. 30, 2004 (now U.S. Pat. No. 7,283,062 issued Oct. 
16, 2007) which claims priority to commonly owned U.S. 
Provisional Patent Application No. 60/592,053 (Attorney 
Docket No. 101458018US00), also entitled “Mapping in 
Mobile Data Collection Systems. Such as for Utility Meter 
Reading and Related Applications.” filed Jul. 28, 2004, which 
applications are herein incorporated by reference for all pur 
poses. 

BACKGROUND 

0002 Utility companies typically rely on meter reading to 
determine consumption of a utility by its customers. In some 
utility meter reading applications, operators drive vehicles 
equipped with radio-equipped data collection units aroundan 
area or route to read electric, gas, and/or water meters. The 
meters are equipped with modules that allow them to send and 
receive signals. This style of meter reading, sometimes 
referred to as mobile automatic meter reading (MAMR). 
allows meter reading to be completed without direct access to 
the meter. 
0003 MAMR is sometimes used in saturated areas where 
there may be large populations of meters, difficult-to-access 
meters, or hazardous-to-read meters. When used in Such 
areas, MAMR can dramatically improve meter reading effi 
ciency. For example, a single data command unit transceiver 
reads an average of 10,000-12,000 meters in an eight-hour 
shift, and can read up to 24,000 meters per day, depending on 
meter density and system use. 
0004 Routes for MAMR are typically defined geographi 
cally and may include hundreds or thousands of meters. The 
meters on the route are read using one or more techniques. For 
example, with a wake-up technique, a MAMR vehicle moves 
through an area and sends wakeup signals to notify the meters 
in the area to send meter reading data. With a bubble-up 
technique, the MAMR vehicle simply picks up broadcasted 
signals from all meters in its vicinity. To determine the end 
points in a route, MAMR systems typically rely on route 
information provided by the utility. In some cases, the route 
information includes a list that identifies each meter using a 
unique meter ID and address assigned to the meter. The route 
information is typically formulated in advance of driving the 
route, and is often based on the geographic location of each 
meter relative to other meters in the route. For example, a 
MAMR route may have starting and ending points, and 
meters are read according to proximity from a vehicle moving 
between the starting and ending points. 
0005 Routes consisting of lists of meter addresses are 
typically provided in advance of MAMR activities. Because 
of this, and because of many other reasons, route planners, 
MAMR operators, utilities, and their customers could benefit 
from improvements in monitoring and mapping capabilities 
in MAMR systems. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0006 FIG. 1 is a block diagram showing an example of a 
system for performing mobile collection of meter reading 
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data, including identifying out of route meters and facilitating 
playback of graphical route information under one embodi 
ment. 
0007 FIG. 2 is a block diagram showing an example 
implementation of the mobile data collection system of FIG. 
1. 
0008 FIG. 3 is a display diagram showing a dashboard 
view associated with the mobile data collection system of 
FIGS. 1 and 2. 
0009 FIG. 4 is a display diagram showing mapping sym 
bology associated with a mapping component of the mobile 
data collection system of FIGS. 1 and 2. 
0010 FIG. 5 is a display diagram showing mapped end 
points associated with the mapping component of the mobile 
data collection system of FIGS. 1 and 2. 
0011 FIG. 6 is a display diagram showing a second map of 
endpoints associated with the mapping component of the 
mobile data collection system of FIGS. 1 and 2. 
0012 FIG. 7 is a display diagram showing map and Zoom 
ing features associated with the mapping component of the 
mobile data collection system of FIGS. 1 and 2. 
0013 FIG. 8 is a display diagram showing an out of route 
view associated with the mobile data collection system of 
FIGS. 1 and 2. 
0014 FIG. 9 is a display diagram showing importing a 
route file to be viewed in association with the route playback 
component of the mobile data collection system of FIGS. 1 
and 2. 
0015 FIGS. 10 and 11 are display diagrams showing play 
back of a route in association with the route playback com 
ponent of the mobile data collection system of FIGS. 1 and 2. 
0016 FIG. 12 is a block diagram showing an example of a 
data structure used in route playback. 
0017 FIG. 13 is a flow chart showing an example of a 
routine for identifying and displaying out of route endpoints, 
which is performed at the mobile data collection system of 
FIGS. 1 and 2. 
0018 FIG. 14 is a flow chart showing a logging routine for 
a route playback performed at the mobile data collection 
system of FIGS. 1 and 2. 
0019 FIG. 15 is a flow chart showing a route playback 
routine. 
0020. In the drawings, the same reference numbers iden 
tify identical or substantially similar elements or acts. To 
facilitate the discussion of any particular element or act, the 
most significant digit or digits in a reference number refer to 
the figure number in which that element is first introduced 
(e.g., element 204 is first introduced and discussed with 
respect to FIG. 2). 
0021 A portion of this disclosure contains material to 
which a claim for copyright is made. The copyright owner has 
no objection to the facsimile reproduction by anyone of the 
patent document or patent disclosure (including Figures), as it 
appears in the Patent and Trademark Office patent file or 
records, but reserves all other copyright rights whatsoever. 

DETAILED DESCRIPTION 

0022. The invention will now be described with respect to 
various embodiments. The following description provides 
specific details for a thorough understanding of and enabling 
description for, these embodiments of the invention. How 
ever, one skilled in the art will understand that the invention 
may be practiced without these details. In other instances, 
well-known structures and functions have not been shown or 
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described in detail to avoid unnecessarily obscuring the 
description of the embodiments of the invention. 
0023. It is intended that the terminology used in the 
description presented be interpreted in its broadest reasonable 
manner, even though it is being used in conjunction with a 
detailed description of certain specific embodiments of the 
invention. Certain terms may even be emphasized below: 
however, any terminology intended to be interpreted in any 
restricted manner will be overtly and specifically defined as 
such in this Detailed Description section. 

I. OVERVIEW 

0024. The method and system described herein allows for 
monitoring and management of mobile automatic meter read 
ing (MAMR) activities via out of route meter read identifica 
tion and graphical route playback. In some embodiments, 
Some of the monitoring and management activities occurata 
mobile data collection system. The mobile data collection 
system may include a combination of components (including 
both hardware and software) that generally facilitate the col 
lection of meter data from utility meters (e.g., electric, gas, 
water, etc.) and the graphical display of meter routes in 
progress via the use of maps or other features. 
0025. In some embodiments, the mobile data collection 
system may be configured to identify and record information 
relating to out of route meters (e.g., meters not associated 
with a route presently known by the mobile data collection 
system). Such meters (or 'endpoints') may be unexpectedly, 
inadvertently, unintentionally, or otherwise, encountered dur 
ing a meter reading route. In the event of an out of route 
endpoint, the mobile data collection system may alert an 
operator of the mobile data collection system. For example, 
the mobile data collection system may display information 
relating to each of the out of route endpoints on the route 
and/or may provide an audible alert when such a meter is 
encountered. 
0026 Information relating to the reading of out of route 
endpoints on the route may include the physical location of 
each of the encountered out of route endpoints and the physi 
cal location of the vehicle at the time the endpoint was read. 
The same information may be provided for in route end 
points. The mobile data collection system may provide this 
information to the operator using a map and/or in another 
formats, such as in text on a list or other display. While driving 
the route, the operator may use the information relating to the 
out of route endpoints to make decisions about how to drive 
the route. In some embodiments, the mobile data collection 
system may automatically determine an optimized driving 
path for the operator based on the collected out of route 
endpoint information. The automatic determination of an 
optimized driving path may be based on mathematical com 
putations and algorithms applied to the collected information, 
including information about the route, the vehicle, the end 
points, etc. 
0027. In addition, the mobile data collection system may 
provide information relating to the out of route endpoints to a 
host processing system, or any other system configured for 
further processing of the information. The utility service pro 
vider may then use this information to reconfigure or opti 
mize meter reading routes and to otherwise increase the effi 
ciency of the mobile collection system. For example, the 
information related to out of route meters may be used to 
automatically determine which endpoints to include within 
predetermined routes, thus reducing the number of out of 
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route endpoints encountered on each route. Information 
about out of route endpoints may also be of use when a utility 
is managing the billing of off cycle reads, which are often 
associated with customers that are moving. 
0028. The mobile data collection system may also log 
route data so that it can be played back after the route is 
completed. For example, the mobile data collection system 
may provide a map showing the path that the vehicle took 
during the route, the order that the meters were read, the 
timing of the route, etc. The type of information displayed on 
the map may include the location of the vehicles, the reading 
of meters or groups of meters, the identification of in route 
and out of route meters, etc. This information may be used for 
almost any purpose, including training, Supervision of 
employees, improving route efficiency, assisting contractors 
or Substitute meter readers, route optimization, etc. 

II. REPRESENTATIVE SYSTEM 

0029 FIG. 1 and the following discussion provide a brief 
general description of a suitable environment in which the 
invention can be implemented. Although not required, 
aspects of the invention are described in the general context of 
computer-executable instructions. Such as routines executed 
by a general-purpose computer (e.g., a server computer, wire 
less device, or personal/laptop computer). Those skilled in the 
relevant art will appreciate that the invention can be practiced 
with other communications, data processing, or computer 
System configurations, including Internet appliances, hand 
held devices (including personal digital assistants (PDAS)), 
wearable computers, all manner of cellular or mobile phones, 
embedded computers (including those coupled to vehicles), 
multi-processor Systems, microprocessor-based or program 
mable consumer electronics, set-top boxes, network PCs, 
mini-computers, mainframe computers, and the like. Indeed, 
the terms “computer,” “host, and “host computer are gen 
erally used interchangeably and refer to any of the above 
devices and systems, as well as any data processor. 
0030 Aspects of the invention can be embodied in a spe 
cial purpose computer or data processor that is specifically 
programmed, configured, or constructed to perform one or 
more of the computer-executable instructions explained in 
detail herein. Aspects of the invention can also be practiced in 
distributed computing environments where tasks or modules 
are performed by remote processing devices, which are 
linked through a communication network. In a distributed 
computing environment, program modules may be located in 
both local and remote memory storage devices. 
0031 Aspects of the invention may be stored or distrib 
uted on computer-readable media, including magnetically or 
optically readable computer disks, as microcode on semicon 
ductor memory, nanotechnology memory, organic or optical 
memory, or other portable data storage media. Indeed, com 
puter-implemented instructions, data structures, screen dis 
plays, and other data under aspects of the invention may be 
distributed over the Internet or over other networks (including 
wireless networks), on a propagated signal on a propagation 
medium (e.g., an electromagnetic wave(s), a Sound wave, 
etc.) over a period of time, or may be provided on any analog 
or digital network (packet Switched, circuit Switched, or other 
scheme). Those skilled in the relevant art will recognize that 
portions of the invention reside on a server computer, while 
corresponding portions reside on a client computer, such as a 
mobile device. 
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0032 Referring to FIG. 1, a MAMR system 100 on which 
the out of route meter read identification and graphical route 
playback can be implemented provides various networked 
components. The system 100 is an example of one arrange 
ment of elements, but others are possible. The system 100 
includes a collection of utility meters (102,104, and 106). The 
utility meters may be of the same or different types (e.g., 
electric 102, gas 104, water 106, or other (not shown)). The 
utility meters (102, 104, and 106) may be distributed in a 
bounded or unbounded geographical area. Each utility meter 
(102,104, or 106) is connected to or associated with a utility 
consuming facility (not shown). For example, a utility meter 
may correspond with a household, a commercial facility, or 
another utility consuming facility or device. 
0033. While not illustrated in detail, each meter (102,104, 
or 106) includes a storage component (not shown) for storing 
collected data before transmission to a data collection system. 
The storage component may also store information identify 
ing the meter, such as a meter address. In addition, each meter 
may be configured with a receiver/transmitter telemetry 
device (e.g., ERT) capable of sending and receiving signals to 
and from a mobile data collection system 108. In general, 
these components (meter, Storage, and telemetry device) may 
be collectively referred to as an “endpoint.” However, the 
term “endpoint may herein refer to any one of a number of 
possible configurations for locally collecting data, Such as 
utility consumption data, and not only the sample configura 
tion described above. 

0034. In some embodiments, the mobile data collection 
system 108 may send a wake-up signal to an endpoint. The 
received wake-up signal prompts the endpoint to transmit 
meter reading data to the mobile data collection system 108. 
In alternative embodiments, “bubble-up' (broadcast) tech 
niques may be used instead of the “wale-up' technique 
described above. In yet other embodiments, the mobile data 
collection system 108 may be capable of point-to-point com 
munications with specific endpoints. 
0035) To facilitate MAMR or similar techniques, the 
mobile data collection system 108 may be installed in a 
vehicle 109 or be otherwise configured to be transported 
through a route. For example, the vehicle may include the 
appropriate antennas, power cables, mounts, etc. 
0036. The system 100 also includes a host processing sys 
tem and meter reading application(s) 110 for processing col 
lected meter reading data. The host processing system and 
meter reading applications) 110 may be operating in associa 
tion with systems operated by a utility company, Such as a 
utility billing system 112 or, more generally, a customer infor 
mation system (CIS). In this way, the host processing system 
and meter reading application 110 can also be used to com 
municate data to the data collection system 108. This infor 
mation may include standard route data. In general, the meter 
reading application uses customer information downloaded, 
for example, to create a route file used when driving the route 
to collect meter data. The collected data is returned to the 
meter reading application for processing. Examples of meter 
reading applications may include MV-RSTM, Premier 
plus4TM, VienatM, and IntegratorTM, all by Itron, Inc. of Spo 
kane, Wash. 
0037 Referring to FIG. 2, the mobile data collection sys 
tem 108 of FIG. 1 is shown in more detail. A mobile collector 
applications component 204 maintains route-related meter 
reading statistics, provides operating status information, and 
stores, processes, formats, and displays collected data. It may 
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also include administrative functionality that administrative 
users can use to control preferences and settings of the data 
collection system. 
0038 A processor 206 and memory or other data storage 
208 provide capabilities to control several processes, includ 
ing management of collected meter reading data and process 
ing of input for purposes of determining an efficient route for 
meter reading. For example, the memory 208 can store not 
only collected meter data, but also route and other informa 
tion. A CD ROM 209 may handle removable media in the 
mobile data collection system 108. A user input/output com 
ponent 210 provides an appropriate user interface for an 
operator of the data collection system 108. For example, the 
mobile data collection system 108 may provide a color touch 
screen display for ease of use and clear graphical mapping 
displays. Other user input/output options may be used includ 
ing mouses, microphones, speakers, joysticks, keyboards, 
LCD screens, audio, etc. 
0039. One application of the input/output component 210 
includes displaying and controlling mapping images gener 
ated by a mapping component 212. In this way, the operator is 
provided with feedback, so that he or she can determine 
which meter readings have been completed on a particular 
route and so he or she can view meters on the route in relation 
to the vehicle and to other meters. The mapping component 
212 may interface with the mobile collector applications 
component 204. 
0040 Any one of the components described above may be 
contained on notebook computer or other device that can be 
easily removed from the vehicle when not in use, such as the 
Itronix GoBook MAXTM. 

0041. In some embodiments, route data may be trans 
ferred to and from the mobile data collection system 108 
using a removable flash card 213. For example, an operating 
system (not shown) associated with the mobile data collection 
system 108 may recognize the flash card 213 as a removable 
drive, allowing standard file access. In other embodiments, 
the routes may be transferred to the mobile data collection 
system via a local area network (LAN), a wide area network 
(WAN), etc. Periodic data backups to the flash card can be 
configured in the mobile collector applications component 
204. 

0042. The mobile data collection system 108 also includes 
a radio based remote reading component 214, which, in some 
embodiments, may include a transceiver. The radio based 
remote reading component 114 may, via a radio antenna 215. 
send signals to wake-up meters that function in “wake-up” 
mode and to receive and manage incoming data. The mobile 
data collection system 108 may also include a Global Posi 
tioning System (GPS) component 216, a Global Information 
Services (GIS) component 218, or like systems, which may 
be used to facilitate mapping and other related functionality, 
Such as route playback features. 
0043. In general, UPS uses a network of satellites that 
continuously transmit coded information that makes it pos 
sible to precisely triangulate locations on earth by measuring 
the distance from satellites. GPS signals broadcast line of 
sight, meaning that the signals will pass through clouds, glass, 
and plastic but will not pass through most solid objects, 
including people, buildings, and mountains. The GPS 
receiver provides increased accuracy of positioning data as 
the number of accessible satellites increases. Accordingly, 
aspects of the mapping component can be configured to 
inform the operator of the number of satellites available. 
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0044) Where the GPS component 216 (or GIS component 
218) is implemented, operators of the mobile data collection 
system 108 can use latitude and longitude coordinates to 
locate endpoints in the field and to track the progress of the 
mobile collection vehicle while driving the route. This infor 
mation may also be used in implementing a playback feature, 
which is described in more detail below with respect to FIGS. 
9-12. In some embodiments, the GPS component 216 uses 
embedded mapping software to map the GPS coordinates in 
any given area (including geography, roads, landmarks, etc.). 
In some embodiments, an endpoint location file (shown as 
input 220) provided to the mobile data collection system 108 
provides information on endpoint locations. 

III. USER INTERFACE 

0.045 Various user screens, views, and other interfaces 
may allow users to monitor and manage meter reading route 
activities. Examples of such screens are described with 
respect to FIGS. 3-12. While only certain examples are given, 
a person skilled in the art will appreciate that many other 
interfaces could be implemented without departing from the 
scope of the invention. The terms “view.” “screen,” “win 
dow, and “page' are generally used interchangeably herein. 
The pages described herein may be implemented using, for 
example, WML (wireless markup language), XHTML (ex 
tensible hypertext markup language), XML (eXtensible 
markup language), or HTML (hypertext markup language). 
In some embodiments, WML and XHTML decks offer simi 
lar functionality but may differ with respect to style guide and 
design requirements between the two languages (use of color, 
icons, etc.). 
0046. In some cases, the screens or pages provide facilities 

to receive input data, such as a form with fields to be filled in, 
pull-down menus or entries allowing one or more of several 
options to be selected, buttons, sliders, hypertext links, or 
other known user interface tools for receiving user input. 
While certain ways of displaying information to users are 
shown and described with respect to certain Figures, those 
skilled in the relevant art will recognize that various other 
alternatives may be employed. The terms "screen.” “web 
page and page' are generally used interchangeably herein. 
The pages or screens are stored and/or transmitted as display 
descriptions, as graphical user interfaces, or by other methods 
of depicting information on a screen (whether personal com 
puter, PDA, mobile telephone, or other) where the layout and 
information or content to be displayed on the page are stored 
in memory, database, or other storage facility. 
0047. When implemented as web pages or wireless con 

tent, the screens are stored as display descriptions, graphical 
user interfaces, or other methods of depicting information on 
a computer screen (e.g., commands, links, fonts, colors, lay 
out, sizes and relative positions, and the like), where the 
layout and information or content to be displayed on the page 
are stored in a database. In general, a “link” refers to any 
resource locator identifying a resource on a network, such as 
a display description provided by an organization having a 
site or node on the network. A "display description, as gen 
erally used herein, refers to any method of automatically 
displaying information on a computer screen in any of the 
above-noted formats, as well as other formats, such as email 
or character/code-based formats, algorithm-based formats 
(e.g., vector generated), or matrix or bit-mapped formats. 
While aspects of the invention are described herein using a 
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networked environment, some or all features may be imple 
mented within a single-computer environment. 
0048. In general, for ease in describing features of the 
invention, aspects of the invention will now be described in 
terms of a user (e.g., a mobile data collection system operator) 
interacting with the mobile data collection system. 
A. System Performance Monitoring 
0049 Referring to FIG. 3, a dashboard view 300 allows a 
user to monitor current (e.g., over the last minute) system 
performance while collecting meter reads. A view toot bar 
302 provides access to other system functionality via a set of 
buttons. For example, a mapping button 304 provides access 
to mapping functionality that displays a graphic view of the 
route showing each endpoint or group of endpoints on a map 
of a meter reading area (described in detail with respect to 
FIGS. 4-7). A remaining button 306 may provide access to 
functionality that displays the endpoints that still need to be 
read in a route. A tamper change button 308 may provide 
access to functionality that displays collected reads that con 
tain a change to their tamper status. An out of route button 310 
may provide access to functionality that displays information 
about reads collected for endpoints that are not included in 
loaded route files (described in detail with respect to FIG. 8). 
An incoming button 312 may provide access to functionality 
that dynamically displays each new reading as the system 
collects it. A segment Summary button 314 may provide 
access to functionality that monitors the progress of routes by 
segment including segment-specific messages. A route sum 
mary button 316 may provide access to functionality that 
displays a view of the routes that are currently loaded in the 
system, the total number of endpoints in the route, the per 
centage of endpoints that have been read already, and the 
primary and secondary status of the route. A dashboardbutton 
318 provides access to the dashboard view 300 from other 
screens or views. 
0050. In the illustrated embodiment, the dashboard view 
300 provides a continuously updated summary of data col 
lection system performance. Performance indicators can 
include the number of reads per minute 320, error or alert 
messages 322, the amount of free space available on a backup 
disk324, the frequency and tones that the system is transmit 
ting to read meters 326, the number of satellites available to a 
mapping system328, etc. In addition, the dashboard view 300 
may provide an indication of a current GPS position 330 of 
the vehicle. 
0051. In the illustrated embodiment, the reads per minute 
feature 320 shows the total number of new in route and out of 
route reads collected within a given time frame (e.g., over the 
last 60 seconds) in a speedometer-like display that refreshes 
periodically (e.g., every 15 seconds). The session alerts fea 
ture 322displays the total number of uncleared alerts that is in 
an audit log, as well as the most severe alert that is currently 
active. In some embodiments, a bar (not shown) below the 
session alerts feature displays a color-coded warning, 
depending on the severity of the highest priority alert. For 
example, red may indicate a critical alert that requires imme 
diate action, while orange may notify of a temporary mal 
function or loss of data and yellow may indicate a condition 
where no immediate action is needed. 
0052. In some embodiments, the dashboard view may be 
displayed alone, while in other embodiments, it may be dis 
played in addition to other screens or views, such as a route 
mapping view. 
B. Route Mapping 
0053 Referring to FIGS. 4-7, a user may monitor route 
reading progress using a mapping view 500. The mapping 
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view 500 allows the user to see the vehicle's location and the 
changing status (e.g., unread, read, out of route, etc.) of route 
endpoints as travel over a route progresses. A mapping sym 
bology key 400 is shown in FIG. 4, and provides sample 
symbols for a single unread endpoint (single red dot) 402. 
groups of unread endpoints (single red dot with white in the 
middle) 404, duplicate endpoints (red dot with white cross) 
406, a single read endpoint (single green triangle) 408, groups 
of read endpoints (single green triangle with white in the 
middle) 410, a vehicle with a good GPS signal 412, and a 
vehicle without a good GPS signal 414. As illustrated, end 
points in close proximity are displayed as groups (404 and 
410). ProXimity for grouping varies depending on the Zoom 
level of the map and, possibly, grouping settings. Endpoints 
are duplicates 406 if the same endpoint ID exists more than 
once in the system, either in the same route file or in multiple 
routes. In the illustrated embodiment, if as few as one end 
point in the group is unread, the group is displayed as a group 
of unread endpoints. 
0054 The mapping symbology also includes symbols for 
unread out of route endpoints (blue rectangle) 416 and read 
out of route endpoints (blue rectangle with white in the 
middle) 418. 
0055 FIG. 5 provides an example of a mapping view 500 
showing an application of the symbology introduced in FIG. 
4. For example, many different types of endpoints are shown, 
including single read endpoints, single unread endpoints, 
single groups of read endpoints, single groups of unread 
endpoints, and the vehicle. In the illustrated embodiment, the 
map is dynamic, meaning that it changes as the meter reading 
route progresses. For example, unread endpoints may change 
to read endpoints as readings occur, and new endpoints may 
appear on the map as they come into range. In addition, the 
mapping may provide information about the order or timing 
of a communication with an endpoint. For example, the most 
recent endpoints (e.g., most recently read) may appear in a 
bright resolution while the older endpoints (e.g., least 
recently read) may appear slightly faded. 
0056 Out of route endpoints also appear on the map, 
allowing the operator of the vehicle to make decisions on how 
to progress on the route (e.g., which street to turn on next). For 
example, if significant numbers of out of route endpoints are 
appearing on the map, this signals to the driver that he or she 
is nearing the edge or border of a route, and may need to 
change course. 
0057. In some embodiments, the map may be interactive 
by allowing users to drill down on specific endpoints. For 
example, clicking on or touching an out of route endpoint on 
the map may result in the display of specific information 
regarding the out of route endpoint, such as the specific infor 
mation described with respect to FIG. 8. 
0058 Referring to FIG. 6 the mapping view 500 may 
provide several ways to move around the map (e.g., up and 
down, side to side, diagonally, etc.). In some embodiments, 
the mapping feature uses Software such as Microsoft's Map 
Point 2004 engine, which provides maps for North America. 
However, many other implementations are possible. Naviga 
tion controls 602 on the top, bottom, sides, and corners of the 
map allow the user to move the map up, down, side to side, 
and diagonally. In some embodiments, an auto pan feature 
may be available, which enables moving of the map as the 
vehicle moves. The auto pan feature may be selected using an 
auto pan button 604. A full map screen button 606 may be 
used to toggle between a full screen view and a navigation 
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mode. In some embodiments, a map filtering may be used to 
view map data that matches given search criteria. The map 
filtering may be accessed from a filter option button 608. 
0059 Referring to FIG. 7, the mapping functionality may 
also provide for Zooming capability so that users can change 
the altitude or detail level of the map. In some embodiments, 
a user Zooms in a selected portion of the map by dragging an 
adjustable size box 702 around the map display to a selected 
area. In the illustrated embodiment, the size of the box (se 
lected area) determines the Zoom level. Other techniques for 
Zooming in and out may be used, such as a Zoom size toolbar 
704. 
0060. In some embodiments, the mapping functionality 
described herein may be combined with other functionality 
including Voice enhancements, layering of maps to portray 
varying levels of detail (e.g., utility infrastructure Vs. meters), 
or varying meter types (e.g., gas VS. electric VS. water), etc. 
Many combinations and features are possible. 

C. Out of Route Meters 

0061 Referring to FIG. 8, an out of route 800 view may 
include a static display that shows collected reads that do not 
belong to any of the routes currently loaded in the mobile 
collection system database. By providing information about 
out of route endpoints, routes can be reconfigured and 
updated on an ongoing basis to improve efficiency. For 
example, if there is a new house on a route that results in an 
out of route read when the driverpasses through the area using 
the mobile collection system, the mobile data collection sys 
tem can provide this information to the utility, so that it can be 
used to modify the route. In general, the out of route view 800 
provides a visual graphical display that tells the driver when 
the system is performing an out of route meter read. 
0062. In some embodiments, the out of route view 800 
may use information contained in the route file received from 
the utility or other source. In some embodiments, the mobile 
data collector captures the vehicle's location at the time the 
out of route endpoint was read, while any processing of the 
data may be performed remotely (e.g., at the host processor of 
FIG. 1). Information regarding out of route reads may be 
stored at the remote processing location for a period of time so 
that the utility can query a history of reads and avoid having 
to conduct a reread after a corresponding route for the out of 
route meter is confirmed. 
0063. In some embodiments, the out of route view 800 
includes a list portion802 and a properties portion 804, so that 
users can compare multiple reads simultaneously (via the list 
portion 802) or focus on a single read (via the properties 
portion 804). A default sort order in the list portion 802 
displays out of route reads by the time collected, beginning 
with the most recent and continuing in descending order. The 
out of route view 800 may show an endpoint ID 806, a latest 
endpoint reading for the endpoint 808 (e.g., kilowatt hours 
used), a message count for the endpoint 810 (e.g., the number 
of times the endpoint was heard at the time the reading was 
collected), a reading time 812, and an endpoint type 814 (e.g., 
ERT type), as reported by the endpoint. 
0064. The out of route view 800 may also provide infor 
mation on the location of the out of route endpoint, and the 
location of the vehicle at the time it read the out of route 
endpoint. More specifically, the out of route view may pro 
vide endpoint latitude data 816, endpoint longitude data 818, 
vehicle latitude data 820, and vehicle longitude data 822. To 
facilitate the collection, storage, processing, and display of 
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out of route endpoints, this information may be contained 
within one or more data structures. In addition, the data struc 
tures may include information used to facilitate the mapping 
the out of route endpoints (shown, for example, in FIG. 5) or 
presenting the out of route endpoints in a route playback 
feature (as described with respect to FIGS. 9-12. 
0065 Based on the information related to out of out end 
points, the mobile data collection system may automatically 
determine an optimized driving path for the operator of the 
vehicle to take. This may be implemented using various math 
ematical computations and/or algorithms associated with the 
route and the geographic locations of the out of route end 
points. After the route is completed, the mobile data collec 
tion system may provide stored information relating to the out 
of route endpoints to a host processing system, or other sys 
tem, where the information may go through additional pro 
cessing. The utility service provider may then use this infor 
mation to reconfigure or optimize meter reading routes and to 
otherwise increase the efficiency of the mobile collection 
system. For example, the information related to out of route 
meters may be used to automatically determine which end 
points to include within predetermined routes, thus reducing 
the number of out of route endpoints encountered on each 
rOute. 

0066 Other aspects of the user interface for out of route 
endpoints includes optional alerts that alert the operator of out 
of route endpoints while a route is being driven. Examples of 
alert Sounds include high beeps, low beeps, rings, bells, etc. In 
the illustrated embodiment, a series of beep configuration 
choices are available to the user by selection of a radio button. 
0067. While the illustrated examples show out of route 
endpoints in a MAMR system, one skilled in the art will 
recognize that similar techniques can be implemented infixed 
network meter reading systems and other systems without 
departing from the scope of the invention. Fixed network 
meter reading systems may include wireless and or wire line 
transmission of meter reading data over large areas without 
the use of a vehicle or other localized collection techniques. 

D. Route Playback 
0068 Referring to FIGS. 9-12, a route playback compo 
nent allows a user (e.g., a Supervisor) to replay a driver's 
route. More specifically, it allows the user to see exactly how 
the driver drove the route, which meters were read, the timing 
of meter reads, the order of meter reads, etc. In some embodi 
ments, the routes may be made up of segments and the route 
playback component allows the user to view one segment of 
the route at a time. The route playback component can have 
many uses, including reviewing routes for driving efficiency, 
troubleshooting missing endpoints, monitoring route drivers, 
investigating the occurrence of out of route readings, training, 
creating new routes, etc. 
0069. The route playback component may be imple 
mented, in part, using a logging feature that tracks the 
progress of the vehicle as it drives a route. As shown in FIG. 
9, the user can play back a route from a playback view by first 
importing a route file (e.g., .tlr) from a log directory. 
0070. As shown in FIGS. 10 and 11, to start the playback 
in a corresponding playback view 1000, the user selects a 
play/pause button 1002, causing the route to play back, and 
showing the driving path as a colored line 1004. As with the 
mapping view of FIGS. 4-7, the user may use navigation 
controls 1102 to move the map up and down, side to side, and 
diagonally. The playback view 1000 may also have Zoom 
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features 1104. The user may pause the playback using the 
pause/play button 1002 or stop the playback using a stop 
button 1105. In addition, a progress bar 1106 shows the 
progress of the vehicle on the route. In some embodiments, 
the user may slide the vehicle icon progress bar 1106 to jump 
to a specific part of the route. In some embodiments, the 
playback speed can be adjusted to range from slow to fast 
using a playback speed adjustment bar 1108. Indicators of 
time since the route began 1110, number of satellites acquired 
1112, vehicle/van speed 1114, and current system time 1116 
may also be provided. 
(0071. While not shown in detail in FIGS. 10 and 11, the 
playback may include showing graphical depictions of the 
various endpoints (both in route endpoints and possibly out of 
route endpoints) in the order and timing that the mobile data 
collection system read and acknowledged them. Examples of 
such graphical depictions are shown with respect to FIGS. 
5-7. An example of the symbology used for such depictions is 
shown with respect to FIG. 4. However, other depictions are 
possible, including depictions that use color, Sounds, fading, 
animation, etc. 
0072. In some embodiments, like the mapping features 
shown with respect to FIGS. 5-7, the user may be able to drill 
down for details of specific endpoints by selecting the pause? 
play button 1002, and then clicking or touching the endpoints 
shown on the screen. 
0073 Referring to FIG. 12, the information used to imple 
ment the route playback may be contained in a data structure 
1200. In some embodiments, the data structure may include a 
header 1202 (e.g., ITRON-X74LV5R9C Administrator. 
sub.-2003-07-03) that is comprised of the current user (e.g., 
Windows user) and the current date. The data structure 1200 
may also include a UTCTime component 1204 (e.g., 
213355), a LocalTime component 1206 (e.g., Jul. 3, 20042: 
32:23 PM), a Latitude component 1208 (e.g., 
47.6835316666667), a Longitude component 1210 (e.g., 
-117.195015), a Satellites component 1212 that provides a 
number of available satellites (e.g., 6), a Speed component 
1214 that provides the speed of the vehicle when taking the 
reading (e.g., 35), a Direction component 1216 that provides 
the direction of the vehicle when talking the reading (e.g., 
direction in terms of degrees), etc. 

IV. SYSTEM FLOWS 

(0074 FIGS. 13-15 are representative flow diagrams that 
show processes that occur within the system of FIG.1. These 
flow diagrams do not show all functions or exchanges of data 
but, instead, provide an understanding of commands and data 
exchanged under the system. Those skilled in the relevant art 
will recognize that Some functions or exchanges of com 
mands and data may be repeated, varied, omitted, or Supple 
mented, and other aspects not shown may be readily imple 
mented. For example, while not described in detail, a message 
containing data may be transmitted through a message queue, 
over HTTP, etc. 
(0075 Referring to FIG. 13, the mobile data collection 
system may perform a routine 1300 for identifying, collect 
ing, and providing information about out of route endpoints 
encountered on a route. In some embodiments, the routine 
1300 takes place while a MAMR route is being performed. In 
alternate embodiments, the routine 1300 takes place during 
data collection in a fixed network automatic meter reading 
system. At block 1301 the routine 1300 receives a next end 
point reading containing information associated with an end 
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point. The endpoint information may include an identifier for 
the endpoint, meter reading data, meter tamper data, etc. The 
received endpoint information may also include information 
about the endpoints location, including the endpoint's 
address or GPS coordinates. This information may be 
received within a single data structure or within a combina 
tion of data structures. In some embodiments, this informa 
tion is known locally at the mobile data collection system 
and/or at a host processing system. 
0076. At decision block 1302, the routine 1300 determines 
whether the endpoint is an out of route endpoint (e.g., whether 
it is associated with the current route, whether it is associated 
with a route known by the mobile collection system, etc.). If 
at decision block 1302 the routine 1300 determines that the 
endpoint is not an out of route endpoint, the routine 1300 
continues at block 1305, where the routine records and/or 
displays the information for an in route endpoint. If, however, 
at decision block 1302 the routine 1300 determines that the 
endpoint is an out of route endpoint, the routine continues at 
block 1303, where it records the received information for the 
out of route endpoint. In addition, the routine 1300 may 
record information about the location of the vehicle at the 
time the out of route endpoint was read. This information may 
be stored within a single data structure or within a combina 
tion of data structures. 
0077. At block 1304 the routine 1300 provides an indica 
tion of the out of route endpoint to the operator of the mobile 
data collection system. For example, the routine 1300 may 
show the out of route endpoint on a map, sound an alert when 
the out of route endpoint is read, add the out of route endpoint 
to a displayed list of out of route endpoints, or providespecific 
textual information for the out of route endpoint. 
0078. At block decision block 1306 the routine 1300 
checks whether the route is completed (e.g., all meters on the 
route have been read). If the route is completed, the routine 
continues at block 1307, where the routine transmits com 
pleted route information to the host processing system. The 
routine 1300 then ends. If, however, at decision block 1306, 
the route is not completed, the routine 1300 loops back to 
block 1301 to receive the next endpoint reading. 
0079 Referring to FIG. 14, the mobile data collection 
system may perform a routine 1400 for logging route events 
for use with a graphical playback tool that shows a mapping 
of the vehicle traveling the route and the route's endpoints as 
the mobile data collection system establishes communication 
with such endpoints. At block 1401 the routine 1400 records 
the vehicle's location at a time t. At block 1402, the routine 
1400 identifies communications with endpoints made 
between time t and a previous time (t–1). The identified 
communications may include receiving a wake-up signal 
response from an endpoint, reading an endpoint, etc. At block 
1403 the routine 1400 records information associated with 
the identified communications. The recorded information 
may include information about the ID, location, status, and/or 
reading of each of the endpoints associated with the identified 
communications. This information may be recorded using a 
single data structure or a combination of data structures. 
0080. At decision block 1404 the routine 1400 checks 
whether the route is completed (e.g., all meters on the route 
have been read). If the route is completed, the routine 1400 
continues at block 1405, where the routine transmits the 
recorded route information to the host processing system 
(e.g., in the form of a log file). The routine 1400 then ends. If, 
however, at decision block 1404, the route is not completed, 
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the time t is set to equal (t+1) and the routine 1400 loops back 
to block 1401 to record the next vehicle location. 
I0081 Referring to FIG. 15, a routine 1500 for playback of 
a graphical display showing a mobile data collection system 
performing a meter reading route may be performed at a 
device configured for displaying maps or similar information 
and for executing a log file containing route information. At 
block 1501, the routine 1500 receives a user request to 
execute a selected route file. At block 1502, the routine 1500 
imports the selected route file. An example of this is shown 
with respect to FIG. 10. For example, the routine 1500 may 
import the selected route file from a host processing system. 
At block 1503, the routine 1500 loads a map associated with 
the selected route file. At block 1504, the routine 1500 
receives a user request to start the route playback. For 
example, the user may select a play button to initiate the 
request. At block 1505, the routine 1500 plays back the 
graphical display on the route. An example of this is shown 
with respect to FIGS. 10 and 11. The routine 1500 then ends. 

V. CONCLUSION 

I0082 Unless the context clearly requires otherwise, 
throughout the description and the claims, the words "com 
prise.” “comprising.” and the like are to be construed in an 
inclusive sense as opposed to an exclusive or exhaustive 
sense; that is to say, in the sense of “including, but not limited 
to.” Additionally, the words “herein.” “above,” “below,” and 
words of similar import, when used in this application, shall 
refer to this application as a whole and not to any particular 
portions of this application. When the claims use the word 
“or” in reference to a list of two or more items, that word 
covers all of the following interpretations of the word: any of 
the items in the list, all of the items in the list, and any 
combination of the items in the list. 
I0083. The above detailed description of embodiments of 
the invention is not intended to be exhaustive or to limit the 
invention to the precise form disclosed above. While specific 
embodiments of, and examples for, the invention are 
described above for illustrative purposes, various equivalent 
modifications are possible within the scope of the invention, 
as those skilled in the relevant art will recognize. For 
example, while processes or blocks are presented in a given 
order, alternative embodiments may perform routines having 
steps, or employ systems having blocks, in a different order, 
and some processes or blocks may be deleted, moved, added, 
subdivided, combined, and/or modified. Each of these pro 
cesses or blocks may be implemented in a variety of different 
ways. Also, while processes or blocks are at times shown as 
being performed in series, these processes or blocks may 
instead be performed in parallel, or may be performed at 
different times. Where the context permits, words in the 
above Detailed Description using the singular or plural num 
ber may also include the plural or singular number, respec 
tively. 
I0084. The teachings of the invention provided herein can 
be applied to other systems, not necessarily the system 
described herein. The elements and acts of the various 
embodiments described above can be combined to provide 
further embodiments. 
I0085 All of the above patents and applications and other 
references, including any that may be listed in accompanying 
filing papers, are incorporated herein by reference. Aspects of 
the invention can be modified, if necessary, to employ the 
systems, functions, and concepts of the various references 
described above to provide yet further embodiments of the 
invention. 
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I0086. These and other changes can be made to the inven 
tion in light of the above Detailed Description. While the 
above description details certain embodiments of the inven 
tion and describes the best mode contemplated, no matter 
how detailed the above appears in text, the invention can be 
practiced in many ways. Details of the mobile data collection 
system may vary considerably in their implementation 
details, while still be encompassed by the invention disclosed 
herein. As noted above, particular terminology used when 
describing certain features or aspects of the invention should 
not be taken to imply that the terminology is being re-defined 
herein to be restricted to any specific characteristics, features, 
or aspects of the invention with which that terminology is 
associated. In general, the terms used in the following claims 
should not be construed to limit the invention to the specific 
embodiments disclosed in the specification, unless the above 
Detailed Description section explicitly defines such terms. 
Accordingly, the actual scope of the invention encompasses 
not only the disclosed embodiments, but also all equivalent 
ways of practicing or implementing the invention under the 
claims. 
0087 While certain aspects of the invention are presented 
below in certain claim forms, the inventors contemplate the 
various aspects of the invention in any number of claim forms. 
For example, while only one aspect of the invention is recited 
as embodied in a computer-readable medium, other aspects 
may likewise be embodied in a computer-readable medium. 
Accordingly, the inventors reserve the right to add additional 
claims after filing the application to pursue such additional 
claim forms for other aspects of the invention. 
What is claimed is: 
1. In a mobile data collection system, an apparatus for 

providing an indication of out of route endpoints encountered 
along an automatic meter reading route having multiple pre 
determined endpoints from which utility consumption data is 
gathered, the apparatus comprising: 

data storage for storing 
meter reading route data, wherein the meter reading 

route data includes information identifying each of 
multiple endpoints in the automatic meter reading 
route, and 
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collected information relating to each of the endpoints 
detected along the automatic meter reading route, 
wherein the collected information includes 

(a) utility consumption information collected from at 
least Some of the detected endpoints, and 

(b) identification information; and 
a processor coupled to the data storage, wherein, for each 

endpoint for which information is collected, the proces 
Sor is configured to 
(i) determine whether the endpoint is one of the multiple 

endpoints in the automatic meter reading route, 
wherein the determining is based, at least in part, on 
the meter reading route and the identification infor 
mation identifying at least Some of the detected end 
points in the collected information, and 

(ii) if the endpoint is not in the automatic meter reading 
route, then identifying the endpoint as an out of route 
endpoint, and providing utility consumption informa 
tion and identification information for the identified 
out of route endpoint. 

2. The apparatus of claim 1, wherein the provided indica 
tion of the location of the out of route endpoint is a set of 
location coordinates. 

3. The apparatus of claim 1, further comprising a wireless 
receiver, coupled to the processor, for wirelessly receiving the 
collected information while traveling the automatic meter 
reading route. 

4. The apparatus of claim 1, wherein the apparatus is con 
figured to provide the indication of the location of the out of 
route endpoint to a systemata utility provider associated with 
the out of route endpoint. 

5. The apparatus of claim 1, wherein at least the processor 
is a host processing system of a public utility. 

6. The apparatus of claim 1, wherein the processor is fur 
ther configured to provide, via an output device, driving direc 
tions based on the indication of the location of the out of route 
endpoint. 


