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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 identi?ca 
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 US. patent appli 
cation Ser. No. 11/872,547, ?led Oct. 15, 2007, Which is a 
divisional of US. patent application Ser. No. 10/903,866, 
?led Jul. 30, 2004 (now US. Pat. No. 7,283,062 issued Oct. 
16, 2007) Which claims priority to commonly oWned US. 
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 RelatedApplications,” ?led 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 around an 
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, di?icult-to-access 
meters, or haZardous-to-read meters. When used in such 
areas, MAMR can dramatically improve meter reading e?i 
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 de?ned 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 identi?es 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 bene?t 
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 ?le 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 ofa 
data structure used in route playback. 
[0017] FIG. 13 is a How 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 How 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 How 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 signi?cant digit or digits in a reference number refer to 
the ?gure number in Which that element is ?rst introduced 
(e.g., element 204 is ?rst 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 orpatent disclosure (including Figures), as it 
appears in the Patent and Trademark O?ice patent ?le 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 
speci?c 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 



US 2010/0010700 A1 

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 speci?c 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 speci?cally de?ned 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 identi?ca 
tion and graphical route playback. In some embodiments, 
some of the monitoring and management activities occur at a 
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 con?gured 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 cndpoints 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 con?gured for 
further processing of the information. The utility service pro 
vider may then use this information to recon?gure or opti 
miZe meter reading routes and to otherWise increase the e?i 
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 identi?cation 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 ef?ciency, 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, orpersonal/ laptop computer). Those skilled in the 
relevant art Will appreciate that the invention can be practiced 
With other communications, data processing, or computer 
system con?gurations, 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 speci?cally 
programmed, con?gured, 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 identi?cation 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 con?gured 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 con?gurations for locally collecting data, such as 
utility consumption data, and not only the sample con?gura 
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 speci?c endpoints. 
[0035] To facilitate MAMR or similar techniques, the 
mobile data collection system 108 may be installed in a 
vehicle 109 or be otherWise con?gured 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 ?le 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 ef?cient 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 ?ash card 213. For example, an operating 
system (not shoWn) associated With the mobile data collection 
system 108 may recogniZe the ?ash card 213 as a removable 
drive, alloWing standard ?le 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 ?ash card can be 
con?gured 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 con?gured 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 ?eld 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 ?le (shoWn as 
input 220) provided to the mobile data collection system 108 
provides information on endpoint locations. 

III. USER INTERFACE 

[0045] 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 ?elds to be ?lled 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 3 10 
may provide access to functionality that displays information 
about reads collected for endpoints that are not included in 
loaded route ?les (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-speci?c 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 dashboard button 
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 
disk 324, the frequency and tones that the system is transmit 
ting to read meters 326, the number of satellites available to a 
mapping system 328, etc. In addition, the dashboard vieW 3 00 
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 322 displays 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 










