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VIRTUAL WHITE LINES FOR DELIMITING 
PLANNED EXCAVATION SITES 

CROSS-REFERENCE TO RELATED 
APPLICATION 

This application claims the bene?t under 35 U.S.C. § 120 as 
a continuation of US. patent application Ser. No. 12/050, 55 5, 
?led Mar. 18, 2008, entitled “Virtual White Lines for Delim 
iting Planned Excavation Sites.” 

BACKGROUND 

Excavators are required to notify underground facility 
oWners in advance of their excavation activities and to 
describe and communicate the geographic area of those 
activities to the underground facility oWners. The geographic 
area so described is commonly referred to as “the dig area.” In 
turn, facility oWners (Which, as used herein, may include 
facility oWners, operators, and/or their designated represen 
tatives) are required to determine if they oWn or operate any 
underground facilities at an identi?ed dig area. The location 
of those underground facilities, if any, Which exist Within a 
dig area, is marked using paint or some other physical mark 
ing system, such as ?ags. The application of paint, ?ags, or 
some other marking object to indicate the presence of an 
underground facility is called a “locate.” The marks resulting 
from a locate are commonly called underground facility 
“locate marks.” Underground facility oWners may perform 
locates With in-house employees or choose to hire indepen 
dent contract locating ?rms to perform locates on their behalf 
as their designated representatives. 

Currently, excavators may communicate With facility oWn 
ers through “one call centers.” These one call centers are 
generally oWned, controlled, or funded by underground facil 
ity oWners, such as telephone companies, cable television 
multiple system operators, electric utilities, gas utilities, or 
others. One call center operations may be managed by a 
non-pro?t entity or outsourced to a for-pro?t ?rm. Excavators 
are required to notify one call centers in advance of their 
excavation activities and identify through a “locate request” 
the dig area Where individual excavating activities Will be 
performed. Locate requests consist of information supplied 
by the excavator to the one call center regarding the speci?c 
geographic location of the dig area, date, time, purpose of 
excavation, etc. The locate request, in turn, requires activity 
from an underground facility oWner to perform a locate 
operation in the speci?ed dig area. 
One call centers may receive locate requests from excava 

tors via electronic delivery or verbally through a telephone 
conversation betWeen the excavator and a human operator 
Working for a one call center. Whether communicated elec 
tronically or verbally, excavators must describe the planned 
geographic locations of dig areas. This description is ulti 
mately reduced to text, Which, along With other data about a 
locate request, is communicated to the appropriate under 
ground facility oWner or oWners responsible for locating any 
underground facilities Within the dig area so described. Tex 
tual descriptions of dig areas can be very imprecise as to exact 
physical locations. In addition, addresses Which are provided 
may be unclear, not yet assigned, or only indicating cross 
streets and vague descriptions of the extent of the dig area. 
On occasion, information provided in the locate request is 

supplemented by the excavator, Who travels to the actual dig 
area and physically marks the dig area in order to physically 
delimit the actual area to be excavated. These marks are 
commonly made using chalk or paint, and are generally 
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2 
knoWn as “White lines.” In some states, White lining the path 
of excavation may be required by the responsible regulatory 
body. 

SUMMARY 

In one aspect, a method may include sending an aerial 
image to a user via a netWork; receiving a marked-up version 
of the aerial image from the user via the netWork that includes 
one or more virtual White lines added to the aerial image that 
delimit a dig area in Which excavation is planned; and pro 
viding the marked-up version of the aerial image, via one of 
an electronic or tangible delivery system, to another entity. 

In another aspect, a computer-readable medium may con 
tain instructions for controlling at least one processor to per 
form a method. The method may include obtaining an aerial 
image; receiving user input specifying a location on the aerial 
image Where excavation is planned; visually rendering virtual 
White lines on the aerial image based on the user input, Where 
the virtual White lines delimit the location Where the excava 
tion is planned, in order to produce a marked-up digital 
image; receiving data that describes details of the planned 
excavation; and sending the marked-up digital image and the 
data that describes details of the planned excavation to a 
server across a network. 

In further aspect, a server may include a communication 
interface coupled to a netWork; and a processing unit. The 
processing unit may be con?gured to cause the communica 
tion interface to send an aerial image to a user via the netWork; 
receive a marked-up version of the aerial image from the user 
via the communication interface that includes one or more 
virtual White lines added to the aerial image Which delimit a 
dig area; and cause the marked-up version of the aerial image 
to be provided, via one of an electronic or tangible delivery 
system, to another entity. 

In still another aspect, a method may include providing a 
dig area marking tool application to a computing device at a 
client via a netWork; receiving an aerial image from the client 
that has been marked up, using the dig area marking tool 
application, to delimit a dig area on the aerial image; and 
providing the marked-up aerial image, via an electronic or 
tangible delivery system to another entity. 

In another aspect, a system may include means for sending 
a digital aerial image to a user upon request of the user; means 
for receiving a marked-up version of the digital aerial image 
from the user that includes a virtual White line in the aerial 
image, Where the virtual White line delimits at least a portion 
of a dig area; means for converting the virtual White line to 
latitude/ longitude coordinates or geo-positioning coordi 
nates; means for providing the marked-up version of the 
aerial image and the latitude/longitude coordinates or geo 
positioning coordinates to another entity. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The accompanying draWings, Which are incorporated in 
and constitute a part of this speci?cation, illustrate one or 
more embodiments described herein and, together With the 
description, explain these embodiments. In the draWings: 

FIG. 1 is a diagram of a concept described herein; 
FIG. 2 is a diagram of an exemplary netWork in Which 

systems and methods described herein may be implemented; 
FIG. 3 is a diagram of exemplary components of the user 

device of FIG. 2; 
FIG. 4 is a diagram of exemplary components of the central 

server of FIG. 2; 
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FIG. 5 is a diagram of exemplary routines associated With 
the user device and/or central server of FIG. 2; 

FIG. 6 is a How diagram of exemplary activities of a central 
server for managing a locate request; 

FIG. 7 is a How diagram of exemplary activities of a user 
device for submitting a locate request and for adding virtual 
White lines to an aerial image; 

FIG. 8 is a diagram of an exemplary data set that may be 
stored in the memory of a central server of FIG. 4; and 

FIG. 9 is a diagram of an exemplary user interface that 
includes virtual White line marking tools that may be pre 
sented via the user device of FIG. 3. 

DETAILED DESCRIPTION 

The folloWing detailed description refers to the accompa 
nying draWings. The same reference numbers in different 
draWings may identify the same or similar elements.Also, the 
folloWing detailed description does not limit the invention. 

OvervieW 

FIG. 1 is a diagram of an exemplary concept described 
herein. When a locate request is submitted by an excavator to 
a one-call center, it may be bene?cial for the excavator to 
delimit the particular geographic location of the proposed 
excavation, such as a dig area 100, in a permanent and repro 
ducible manner. The delimited dig area 100 indicates to a 
locate technician the extent of the boundaries Where a locate 
is to be performed at the request of the excavator. Physical 
White lines 110 may be used to physically delimit the dig area 
100. Physical White lines 110 generally may consist of chalk 
or paint on the surface of the ground to identify the dig area 
100 boundary. HoWever, these physical White lines 110 pro 
vide only a temporary indication of dig area 100, as the 
physical White lines 110 may deteriorate or be eliminated 
over time by such events as precipitation, excessive pedes 
trian or vehicle traf?c, erosion, the excavation process, or 
numerous other events. 

In the example of FIG. 1, a locate technician may be 
requested by an excavator to locate and mark underground 
facilities in dig area 100. The precise geographic extent of dig 
area 100 as communicated by the excavator may be uncertain. 
This uncertainty as to the precise extent of dig area 100 may 
result in a locate operation Which does not address the entirety 
of the planned excavation site or conversely may result in a 
locate operation Which covers an area in excess of the precise 
extent of the planned excavation area. When performing the 
locate operation the locate technician may use paint, ?ags, or 
some other object With a particular color or other character 
istic to mark the location of an underground facility. Referring 
to the example shoWn in FIG. 1, the locate technician may be 
required to mark a portion of underground poWer line 120 that 
lie Within the dig area 100. HoWever, the locate technician 
may not be required to mark the portion of underground 
poWer line 120 that lies outside the dig area 100 or telecom 
munications line 130 that lies outside the dig area 100. Addi 
tionally, telecommunication line 140 traverses only a small 
portion of dig area 100. Without a precise and certain descrip 
tion of dig area 100, the small portion of telecommunication 
line 140 Within dig area 100 may not be located by the locate 
technician as the technician may believe that the presence of 
telecommunication line 140 is not of interest to the excavator. 
Thus, it is important that the locate technician is provided a 
clear and accurate boundary of dig area 100 to avoid, for 
example, an excavator later digging over an unmarked under 
ground facility. Physical White lines 110 placed by the exca 
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4 
vator and/or descriptive text provided by the one-call center 
may be used to delimit the dig area 100. HoWever, as noted 
above, these methods may lack permanency, accuracy, or 
certainty. 
An aerial image 150 is shoWn in FIG. 1 displayed on a 

laptop computer 170. The aerial image provides a vieW of the 
geographic area surrounding dig area 100. Implementations 
described herein enable excavators to delimit, on aerial 
images of the earth, the speci?c dig areas Where planned 
excavations Will be performed. As used herein, an “aerial 
image” is intended to be broadly interpreted as any image 
taken from above the earth’s surface, such as, for example, 
images generated using a satellite, airplane, helicopter, or 
other moving or ?xed device. These aerial images may be 
indexed to Global Positioning System (GPS) coordinates or 
other coordinate that provides geo-spatial positioning. The 
aerial images may include geo-coding or other geographical 
identi?cation metadata and may be provided in any com 
puter-readable format. The aerial image may also include 
images of map symbols, such as roads and street names, that 
may be superimposed upon or displayed separately from an 
underlying geographic area. 

Virtual White lines 160 may be added to the aerial image 
150 to graphically delimit the dig area 100.Virtual White lines 
160 may be added to the aerial image 150 through the use of 
a draWing application, or dig area marking tool application, 
Which may superimpose over or otherWise display the virtual 
White lines 160 on the aerial image 150. As used herein 
“virtual White lines” may include lines, draWing shapes, 
shades, symbols, coordinates, data sets, or other indicators to 
delimit on an aerial image the dig area in Which excavation is 
to occur. 

The exemplary embodiments described herein may addi 
tionally communicate to the underground facility oWner the 
images Which indicate the boundary of the dig area both 
graphically and as a series of geographical coordinates. These 
images and coordinates enable locate technicians Who are 
dispatched to locate the existing underground facilities to 
knoW With precision the dig area in Which excavating activi 
ties are planned to occur regardless of Whether physical White 
lines exist or Whether a description of the area has been 
accurately provided. Implementations described herein may 
give excavators the ability to provide one call centers With 
virtual White lines as part of a locate request. Other imple 
mentations may provide virtual White lines to facility oWners 
subsequent to the initial locate request to the one call center. 
Use of virtual White lines, as described herein, eliminates 

the uncertainty associated With imprecise excavator locate 
requests. This ensures that underground facility oWners deter 
mine the presence of their underground facilities Within a 
correctly communicated and certain dig area and mark the 
location of their facilities Where excavators in fact plan to 
excavate. The precision and permanency of virtual White lines 
may reduce the occurrence of underground facilities not 
being marked Within a dig area. Also, use of virtual White 
lines may result in less ?eld communication betWeen exca 
vators and locate technicians about imprecise dig area 
descriptions and may reduce confusion about the exact loca 
tion of a dig area. Confusion about precise dig area locations 
can result in costly damages to underground facilities Which 
may imperil the general public. When excavators inadvert 
ently excavate at locations Where underground facility oWn 
ers have not located existing underground facilities, damages 
to underground facilities are highly likely. Additionally, in 
jurisdictions Where excavators are required to physically 
“White line” the dig area, implementations described herein 
may enable excavators (if they so choose and are permitted to 
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do so) to identify the dig area boundaries With precision 
Without being required to physically visit the site. The digital 
description of the dig area, on an aerial image generated by 
exemplary embodiments described herein, also creates a per 
manent record of the dig area that is associated With each 
locate request by an excavator. 

Exemplary Network 

FIG. 2 is a diagram of an exemplary netWork 200 in Which 
systems and methods described herein may be implemented. 
As shoWn in FIG. 2, the netWork 200 may include a user 
device 210 connected to a central server 220 and an image 
server 230 via a netWork 240. A single user device 210, 
central server 220, and image server 230 have been illustrated 
as connected to netWork 240 for simplicity. In practice, there 
may be more or feWer user devices and/or servers. For 

example, in one alternative implementation, the user device 
210 may operate as a comprehensive device and, thus, the 
netWork 200 may include no central server, With user device 
210 communicating directly through netWork 240 to image 
server 230. Also, in some instances, the user device 210 may 
perform one or more of the functions of the central server 220 
and/or central server 220 may perform one or more of the 
functions of the user device 210. In still another implemen 
tation, multiple user devices 210 may be connected to the 
central server 220 through the netWork 240. 

The user device 210 may encompass a computer device, 
such as laptop computer 170, a personal computer, a tablet 
device, a personal digital assistant (PDA), a cellular radio 
telephone, a mobile computing device, a touch-screen device, 
a touchpad device, or generally any device including, or con 
nected to, a processor and a display. The user device 210 may 
be portable so as to be separately carried by the user at a 
prospective dig area. Alternatively, the user device 210 may 
be integrated With or a?ixed to another moveable object, such 
as a vehicle. In other implementations, the user device may be 
a desktop or laptop computer located at, for example, an of?ce 
of an excavating company. In another implementation, the 
user device may be a computer located at the one call center, 
to be used by, for example, a one call center representative or 
another person present at the one call center. 

The central server 220 may include a computer device that 
may store information received from or provided to the user 
device 210 and/or the image server 230. The central server 
may be maintained by, for example, a one call center. In some 
implementations, central server 220 may be a Web-based 
server to facilitate a remote interface through, for example, an 
Internet broWsing application on user device 210. The central 
server 220 may include storage capacity and/or optionally 
include netWorked access to one or more separate hardWare 

components, such as image cache 235, to store cached images 
and the like. Central server may also store applications, such 
as image draWing applications, that can be accessed by user 
device 210 to manipulate the cached images. 

The image server 230 may include a computer device that 
may store and provide aerial images of geographic locations. 
The image server 230 may be associated With the same, or a 
different, party that maintains the central server 220. For 
example, the image server 230 may be associated With a party 
that provides aerial images for a fee. Generally, the aerial 
images provided by the image server may be of suf?cient 
resolution at an optimal elevation to be useful to effectively 
delimit a dig area on the image. The aerial images from the 
image server 230 may include geocoding or other geographi 
cal identi?cation metadata and may be provided in any com 
puter-readable format, such as J PEG ?le interchange format 
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6 
(J PEG), tagged image ?le format (TIFF), portable document 
format (PDF), graphics interchange format (GIF), bitmap 
(BMP), portable netWork graphics (PNG), WindoWs® meta 
?le (WMF), and/ or the like. Also, aerial images from the 
image server 230 may include a combination of images or 
overlays, such as overlays of street names, regions, landmark 
descriptions, and/ or other information about areas displayed 
in an image. The aerial images from the image server 230 may 
be supplied by a third-party provider if the coverage area of 
the third-party image provider overlaps With the desired area 
of the user. 
The netWork 240 may include a local area netWork (LAN), 

a Wide area netWork (WAN), a telephone netWork, such as the 
Public SWitched Telephone NetWork (PSTN) or a cellular 
netWork, an intranet, the Internet, one or more communica 
tions links, or a combination of netWorks. The user device 
210, central server 220, and image server 230 may connect to 
the netWork 240 via Wired and/or Wireless connections. The 
user device 210, central server 220 and image server 230 may 
communicate using any communication protocol. 

Exemplary User Device Architecture 

FIG. 3 is a diagram of exemplary components of user 
device 210. User device 210 may include a bus 310, a pro 
cessing unit 320, a memory 330, an input device 340, an 
output device 350, a location identi?cation unit 360, and a 
communication interface 370. In another implementation, 
user device 210 may include more, feWer, or different com 
ponents. For example, location identi?cation unit 360 may 
not be included, or location identi?cation unit 360 may be 
included as a device located external to user device 210, such 
as a device Worn or carried by a user of user device 210. 

Bus 310 may include a path that permits communication 
among the components of user device 210. Processing unit 
320 may include a processor, a microprocessor, or processing 
logic that may interpret and execute instructions. Memory 
330 may include a random access memory (RAM), a read 
only memory (ROM), a memory card, a magnetic and/or 
optical recording medium and its corresponding drive, or 
another type of memory device. Generally, memory 330 may 
be su?icient to store and manipulate aerial images, such as 
those stored in a local image cache 335. In one implementa 
tion, local image cache 335 may include one or more aerial 
images of a dig area to be marked by a user. In another 
implementation, local image cache 335 may include a series 
of aerial images that correspond to the geographical region to 
Which a particular user is assigned. For example, local image 
cache 335 may include a collection of high-resolution images 
of a particular Zip code or toWn. In a further implementation, 
local image cache 335 may include aerial images of previ 
ously-delimited dig areas, such as dig areas Where a user of 
user device 210 has previously requested locate operations. In 
still another implementation, local image cache 335 may 
include an entire set of aerial images intended to be made 
available to multiple users. 

Input device 340 may include one or more mechanisms that 
permit a user to input information to user device 210, such as 
a keyboard, a keypad, a touchpad, a mouse, a stylus, a touch 
screen, a camera, or the like. Alternatively, or additionally, 
input device 340 may include a microphone that can capture 
a user’s intent by capturing the user’s audible commands. 
Alternatively, or additionally, input device 340 may interact 
With a device that monitors a condition of the user, such as eye 
movement, brain activity, or heart rate. Output device 350 
may include one or more mechanisms that output information 
to the user, such as a display, a speaker, or the like. 
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Location identi?cation unit 360 may include a device that 
can determine its geographic location to a certain degree of 
accuracy, such as a global positioning system (GPS) or a 
global navigation satellite system (GNSS) receiver. In 
another implementation, location identi?cation unit 360 may 
include a device that determines location using another tech 
nique, such as toWer (e.g., cellular toWer) triangulariZation. 
Location identi?cation unit 360 may receive location tracking 
signals (e.g., GPS signals) and determine its locationbased on 
these signals. In one implementation, location identi?cation 
unit 360 may be capable of determining its location Within 
approximately thirty centimeters or less. In another imple 
mentation, location identi?cation unit may receive and store 
location coordinates from an external device. 

Communication interface 370 may include any trans 
ceiver-like mechanism that enables user device 210 to com 
municate With other devices and/or systems. For example, 
communication interface 370 may include mechanisms for 
communicating With another device or system via netWork 
240. For example, communication interface 370 may enable 
communications betWeen user device 210 and central server 
220 and/or image server 230 over netWork 240. 
As Will be described in detail beloW, user device 210 may 

perform certain operations relating to the documentation of 
locate requests and/or the creation of virtual White lines. User 
device 210 may perform these operations in response to pro 
cessing unit 320 executing softWare instructions contained in 
a computer-readable medium, such as memory 330. A com 
puter-readable medium may be de?ned as a physical or logi 
cal memory device. 

The softWare instructions may be read into memory 330 
from another computer-readable medium, or from another 
device via the communication interface 370. The softWare 
instructions contained in memory 330 may cause processing 
unit 320 to perform processes that Will be described later. 
Alternatively, hardWired circuitry may be used in place of, or 
in combination With, softWare instructions to implement pro 
cesses described herein. Thus, implementations described 
herein are not limited to any speci?c combination of hardWare 
circuitry and softWare. 

Exemplary Central Server Architecture 

FIG. 4 is a diagram of exemplary components of central 
server 220. Central server 220 may include a bus 410, a 

processing unit 420, a memory 430, an input device 440, an 
output device 450, and a communication interface 460. In 
another implementation, central server 220 may include 
more, feWer, or different components. 

Bus 410 may include a path that permits communication 
among the components of central server 220. Processing unit 
420 may include a processor, a microprocessor, or processing 
logic that may interpret and execute instructions. 
Memory 430 may include a magnetic and/or optical 

recording medium and its corresponding drive, a RAM, a 
ROM, a memory card, or another type of memory device 
suitable for high capacity data storage. Generally, memory 
430 may be suf?cient to store aerial images of particular 
geographic locations, such as those stored in a central image 
cache 435. In one implementation, central image cache 435 
may include a set of aerial images that correspond to the 
geographical regions to Which a group of users are assigned. 
In still another implementation, central image cache 435 may 
include the entire set of aerial images intended to be made 
available to any of a group of users. For example, central 
image cache 435 may include a collection of high-resolution 
aerial images of a particular county, state or other geographic 
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8 
region. In another implementation, as shoWn in FIG. 2, cen 
tral image cache 435 may be replaced or supplemented With 
one or more netWorked storage components, such as image 
cache 235. 

Input device 440, similar to input device 340 of user device 
210, may include one or more mechanisms that permit an 
operator to input information to central server 220. Output 
device 450 may include one or more mechanisms that output 
information to an operator of the central server, such as a 
display, a speaker, or the like. 
Communication interface 460 may include any trans 

ceiver-like mechanism that enables central server 220 to com 
municate With other devices and/or systems. For example, 
communication interface 460 may include mechanisms for 
communicating With another device or system via netWork 
240. For example, communication interface 460 may enable 
communications betWeen central server 220 and user device 
210 and/or image server 230 over netWork 240. 
As Will be described in detail beloW, central server 220 may 

perform certain operations to facilitate the documentation of 
locate requests and/or virtual White lines and to disseminate 
locate requests (and corresponding virtual White line infor 
mation) to appropriate locate technicians and/ or otherparties. 
Central server 220 may perform these operations in response 
to processing unit 420 executing softWare instructions con 
tained in a computer-readable medium, such as memory 430. 
The softWare instructions may be read into memory 430 

from another computer-readable medium, or from another 
device via communication interface 440. The softWare 
instructions contained in memory 430 may cause processing 
unit 420 to perform processes that Will be described later. 
Alternatively, hardWired circuitry may be used in place of or 
in combination With softWare instructions to implement pro 
cesses described herein. Thus, implementations described 
herein are not limited to any speci?c combination of hardWare 
circuitry and softWare. 

Exemplary Routines 

FIG. 5 is a diagram of exemplary softWare routines for 
central server 220 and user device 210. Central server 220 
may include an image retrieval routine 510, a central image 
cache routine 520, a data extraction routine 530, and a ticket 
manager routine 540. User device 210 may include a image 
request routine 550, an image display routine 560, and a user 
input routine 570. As discussed in more detail herein, the 
examples of routines associated With central server 220 and 
user device 210 may be interchangeable betWeen central 
server 220 and user device 210. Furthermore, some or all of 

routines 510,520,530, 540, 550,550, 560, and 570 need not 
be performed exclusively by any one of central server 220 or 
user device 210. FIG. 5 indicates communication betWeen 
user device 210 and facility oWner 580 and/or image server 
230 passes through central server 220. HoWever, it should be 
noted that in other implementations facility oWner 580 and/ or 
image server 230 may communicate directly With user device 
210. 

Generally, in one implementation, user device 210 may 
permit a user, such as an excavator or a person at a one call 

center, to receive an aerial image and submit virtual White line 
information in association With a locate request placed to a 
one call center. Central server 220 may permit the one call 
center to associate the virtual White line information With the 
locate request and to provide instructions to a facility oWner 
580 Who is required to conduct a locate. Instructions from the 
one call center (via, for example, central server 220) to the 
facility oWner 580 may be provided as a compilation of infor 
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mation, called a “locate request ticket.” The virtual White line 
information may be associated With the locate request ticket 
in the form of, for example, a marked-up aerial image and/or 
geographic coordinates of the virtual White lines. Facility 
oWner 580 may be a facility oWner, facility operator, or any 
contracted representative acting on their behalf. 

Central image cache routine 510, image retrieval routine 
520, data extraction routine 530, and ticket manager routine 
540 of central server 220 may include a variety of function 
alities. In certain implementations, central image cache rou 
tine 510 may receive information about speci?c locate 
requests and parse each locate request in order to discern 
location information. For example, a locate request may iden 
tify the property associated With a dig area by an address of 
the property, a nearby street intersection, or by geographic 
coordinates. The locate request might also specify, for 
example, the description of the dig area to be delimited, and 
the day and/or time that excavations are scheduled to begin. 

Central image cache routine 510 may also convert location 
information for the property associated With the dig area to 
latitude/longitude coordinates or geo-positioning coordi 
nates. When location information from a locate request is 
suf?ciently precise to alloW for identi?cation of correspond 
ing imagery associated With property surrounding a dig area, 
central image cache routine 510 may calculate the image 
extent (Which may be generally de?ned as the bounding 
region of the property of interest), and generate a locate 
request ticket for the facility oWner With the calculated extent. 
The image extent may, for example, include the coordinates 
of the comers of the bounding region (e.g., the loWer left x and 
y coordinates and the upper right x and y coordinates). In one 
implementation, central image cache routine 510 may deter 
mine an image date, coordinates, and resolution of each 
image that may be stored in central image cache 435 or in 
another location. In another implementation, When location 
information from a ticket is imprecise (or “fuZZy”), central 
image cache routine 510 may mark the locate request ticket to 
indicate that no corresponding image Was able to be retrieved 
based on the locate request. 

Image retrieval routine 520 may catalog and store images 
from image server 230 to central server 220. For example, 
images may be stored in central image cache 435 in memory 
430 of central server 220. In one implementation, image 
retrieval routine 520 may query central image cache 435 or 
other cache for an image associated With a particular planned 
dig area relating to a locate request, and determine, based on 
(for example) the age and resolution of the cached image, 
Whether the image in central image cache 435 needs to be 
updated from image server 230. 

In another implementation, image retrieval routine 520 
may interface With multiple image providers and/or image 
servers 230. Image retrieval routine 520 may determine 
Which image provider is the best source for the image corre 
sponding to a particular dig area relating to a locate request 
based on algorithms that factor, for example, each image 
provider’ s geographical coverage, image resolution, cost, and 
availability. Regarding geographical coverage, it Will be ben 
e?cial to con?rm that the image provider’s area of coverage 
includes the desired extent. 

Regarding image resolution, available resolution may be 
measured in meters (or centimeters, feet, or inches) per pixel. 
For example, one provider may offer thirty centimeters per 
pixel, While another offers ?fteen centimeters or less per 
pixel, for the same coverage area. If an image is requested at 
a standard altitude, then image retrieval routine 520 may 
choose a pre-de?ned optimal scale (for example, thirty cen 
timeters per pixel for a rural area, but ?fteen centimeters per 
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10 
pixel for an urban area) and determine Which provider pro 
vides images at the pre-de?ned optimal scale. Alternatively, if 
the image of interest is at a less granular scale (for example, a 
community or neighborhood image that alloWs the locator to 
pan around the image), then resolution may not be a signi? 
cant factor. 

Regarding cost, image retrieval routine 520 may have 
access to pricing information for a variety of image providers. 
Image retrieval routine 520 may identify Which provider has 
the loWest cost for the desired image. Cost analysis may be 
based on images desired for an individual ticket or the algo 
rithm may account for a group of image requests, including 
volume incentives and/orpenalties from each image provider. 

Regarding availability of image providers, image retrieval 
routine 520 may identify What providers are available and/or 
operational. Also, if an image provider has a regular latency 
pro?le (for example, if a provider has a particular server that 
is busiest 3-5 PM Paci?c time), then image retrieval routine 
520 may manage requests to be provided to another image 
provider or to a particular server of that image provider to 
e?iciently load share the image retrieval. 
When an image provider is selected, image retrieval rou 

tine 520 may doWnload the image from the selected image 
provider’ s server, Which may be image server 23 0. The doWn 
loaded image may be stored locally, for example, in the cen 
tral image cache 435. 

It should be understood that some of the routines and/or 
functionalities described above With respect to central image 
cache routine 510 and image retrieval routine 520 may be 
performed by one or both of the routines 510 and 520 above, 
and the arrangement of functionalities are not limited to the 
implementations disclosed herein. 

In certain implementations, data extraction routine 530 
may obtain geographic coordinates (e.g., Global Positioning 
System (GPS) coordinates, other geo-positioning coordi 
nates, or latitude and longitude coordinates) based on a 
marked-up aerial image provided by, for example, user input 
routine 570 in user device 210. Marked-up aerial images may 
also include text or other indicators including, for example, 
text blocks describing the dig area; offsets to environmental 
landmarks; a locate request ticket number; the address or lot 
number of the dig area; and/or the date, time, and purpose of 
the excavation. This additional data may also be extracted 
from the aerial image and stored as a dataset associated With 
the marked-up aerial image. 

In one implementation, central server 220 may interface 
With a ticket management program for coordinating multiple 
locate request tickets and for providing locate request infor 
mation to a facility oWner 580. Ticket manager routine 540 
may facilitate such an interface. The ticket management pro 
gram for coordinating multiple tickets may also reside on 
central server 220, for example, or on a separate server that is 
accessible to central server 220. Generally, locate request 
ticket information may be stored on central server 220 and 
disseminated to a facility oWner 580. When a user submits a 
locate request, the user may also subsequently submit a set of 
virtual White lines on an aerial image to associate With the 
locate request. In another implementation, the user may sub 
mit a set of virtual White lines on an aerial image simulta 
neously With the user’s initial locate request. The ticket man 
ager routine 540 may alloW the user to update data regarding 
the locate request and to synchroniZe the images and user 
input. Ticket manager routine 540 may send virtual White 
lines from central server 220 to facility oWner 580 for locate 
request tickets that need to be completed, and Will copy the 
input from facility oWner 580 to central server 220 for com 
pleted tickets. Ticket manager routine 540 may interface With 
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the routines described above to correlate assigned locate 
request tickets With images and virtual White lines for those 
tickets and download the images to facility oWner 580 from 
central server 220. 

Referring noW to routines in FIG. 5 that may be associated 
With user device 210, image request routine 550 may solicit 
information from a user as the basis of an image to associate 
With a dig area for a locate request. For example, the user 
input may include a postal address, lot number, plat number, 
street intersection, a set of GPS coordinates relating to the 
planned dig area, or the like. The user device may send the 
location information to central server 220 to alloW the central 
server (via, for example, image retrieval routine 520) to iden 
tify a corresponding image. 

In one implementation, image request routine 550 may 
identify an image to retrieve based on GPS coordinates of a 
GPS-enabled device associated With a user. For example, a 
user may arrive at an excavation site in a GPS-enabled vehicle 
and the GPS information from the vehicle may be used to 
identify coordinates corresponding to an image to be 
retrieved. GPS coordinates may also be obtained from other 
GPS-enabled devices being used by or in the vicinity of the 
user. As used herein a GPS-enabled device may include any 
device or combination of devices capable of interfacing With 
a global navigation satellite system, geo-spatial positioning 
system, or other location-identi?cation system to determine a 
location. Examples of GPS-enabled devices may include a 
marking device (e.g., a paint Wand) With an integrated GPS 
receiver; a locating device (e. g., a locating Wand) With a GPS 
receiver; a Wearable GPS-enabled device; a vehicle-mounted 
GPS system; certain PDAs, computers, and cellular tele 
phones; and stand-alone GPS-enabled systems. 

In another implementation, a user may provide a street 
address or other property identi?cation information. If the 
street address or other property identi?cation information is 
insuf?cient to identify a speci?c property, image request rou 
tine may (by, for example, communicating With central server 
220) suggest a list of possible matches or suggest another 
form of information suitable for identifying the property 
associated With a planned dig area. 

In still another implementation, image request routine 550 
may identify one or more images to request based on a des 
ignated geographical area assigned to a user. For example, a 
user may be assigned to Work in several dig areas associated 
With a particular section of a neighborhood. The user may 
input coordinates associated With the entire selected section 
of the neighborhood, and central image cache routine 510 
and/ or image retrieval routine 520 may then retrieve images 
for those coordinates. 
Once an image is loaded from local cache 335 and/or 

central server 220, image display routine 560 may provide a 
variety of vieW options for the user. For example, image 
display routine 560 may support Zooming in and out of the 
image by changing the image scale. Also, image display 
routine 560 may support panning horiZontally and vertically 
in the image. Furthermore, image display routine 560 may 
support “roaming” outside the boundaries of the initial extent. 
Roaming generally occurs When the user Zooms or pans, such 
that images beyond the boundaries of the stored images may 
be required to be retrieved from either local image cache 335 
or central server 220. The additional images retrieved from 
either local image cache 335 or central server 220 may be 
displayed and stitched together to display a complete image. 

User input routine 570 alloWs the user to add information to 
the image to delimit a planned dig area. User input routine 
570 may accept user input from, for example, input device 
340, and may support the addition of lines, freehand forms (or 
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12 
scribbling), shading, draWing shapes such as circles and rect 
angles, or other markings Which delimit the approximate 
location of the dig area. As used herein, a draWing shape may 
generally be any kind of draWing shape or mark. In addition to 
the delimiting of the dig area on the aerial image, user input 
routine 570 may also include offsets from environmental 
landmarks that may be displayed on the image in, for 
example, English or metric units. Environmental landmarks 
may also be marked and/ or highlighted on the aerial image. 
An environmental landmark may include any physical object 
that is likely to remain in a ?xed location for an extended 
period of time. Examples of an environmental landmark may 
include a tree, a curb, a driveWay, a utility pole, a ?re hydrant, 
a storm drain, a pedestal, a Water meter box, a manhole lid, a 
building structure (e.g., a residential or o?ice building), or a 
light post. For example, an edge of a dig area located tWo and 
a half meters behind the curb of a residential street Would be 
documented as being offset tWo and a half meters behind the 
curb. 

In one implementation, there may be occasions Where cen 
tral server 220 is unable to provide an aerial image to associ 
ate With location information for a planned dig area. Instead, 
user input routine 570 may still be utiliZed Without the under 
lying aerial image (e.g., a blank grid). For example, the user 
may use draWing tools in user input routine 570 to sketch 
environmental landmarks and virtual White lines suf?cient to 
delimit a dig area. 

User input routine 570 may also accept positioning infor 
mation from external sources, such as a GPS-enabled device. 
In one implementation, Where a blank grid is being used, the 
positioning information may be uploaded to the blank grid to 
provide, for example, points for relative spacing, proper 
scale, and dimensioning of a user’s sketch. 

In another implementation, user device 210 may also com 
municate With external components to identify geographical 
positioning coordinates of various points related to a dig area, 
such as dig area boundaries, environmental landmarks, and 
the like. Particular coordinates may be stored in a memory of 
the external device, sent to user device 210, and provided as 
information on the aerial image using, for example, user input 
routine 570. The coordinates may appear, for example, as dots 
on the aerial image that can be connected or labeled by the 
user using user interface 570. 

User input routine 570 may further include features to 
annotate the image With text and to revise user inputs by, for 
example deleting, dragging or pasting draWing shapes. In one 
implementation, When the user Zooms the image vieW in or 
out, user input (e.g., lines and/or shapes) that have been added 
to the original image may adhere to the changing image scale 
and remain in the original user-input locations. 
The virtual White lines, Which may be a compilation of the 

aerial image and user inputs, may be saved as an image ?le. In 
another implementation, the user inputs may be saved in a 
marked-up format, including the geo -coordinates of each 
draWing shape added to the image by the user. 

FIG. 6 provides a How diagram 600 of exemplary activities 
of central server 220 for managing a locate request according 
to an implementation. In another implementation, at least 
some of the blocks of How diagram 600 may be performed 
using user device 210. In another implementation, one or 
more of the blocks of FIG. 6 may be manually performed or 
performed by other devices. 

FloW diagram 600 may begin an excavator contacts a one 
call center to place a locate request. The user (e.g., the exca 
vator or a person at the one call center) may use a computer or 
other user device 210 to submit the locate request to central 
server 220. Central server 220 may include, generally, a vir 












