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(57) ABSTRACT 

Methods, apparatus and systems including a computer com 
prising at least one hardware processor, at least one tangible 
storage medium (memory), and at least one input/ output (I/O) 
interface for evaluating a quality of a locate and/or marking 
operation. First information relating to the locate and/or 
marking operation is compared to second information 
obtained from at least one facilities map. One or more indi 
cations of a quality assessment of the locate and/or marking 
operation is automatically generated based on such a com 
parison, and the one or more indications of the quality assess 
ment are electronically stored on the at least one tangible 
storage medium, and/or electronically transmitted via the at 
least one I/O interface, so as to provide an electronic record of 
the quality assessment. 
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METHODS AND APPARATUS FOR 
ANALYZING LOCATE AND MARKING 
OPERATIONS WITH RESPECT TO 

FACILITIES MAPS 

CROSS-REFERENCES TO RELATED 
APPLICATIONS 

[0001] This application claims a priority bene?t, under 35 
U.S.C. §119(e), of US. Provisional Patent Application Ser. 
No. 61/102,169, ?led on Oct. 2, 2008, entitled “Data Acqui 
sition System For And Method Of AnalyZing Locate Opera 
tions With Respect To Facilities Maps.” 
[0002] This application also claims a priority bene?t, under 
35 U.S.C. §120, as a continuation-in-part (CIP) of US. Non 
provisional patent application Ser. No. 12/493, 109, ?led Jun. 
26, 2009, entitled “Methods and Apparatus for Quality 
Assessment of a Field Service Operation.” 

[0003] This application also claims a priority bene?t, under 
35 U.S.C. §120, as a continuation-in-part (CIP) of US. Non 
provisional application Ser. No. 12/569,192, ?led on Sep. 29, 
2009, entitled “Methods, Apparatus, and Systems for Gener 
ating Electronic Records of Locate and Marking Operations, 
and Combined Locate and Marking Apparatus for Same,” 
Which in turn claims the bene?t, under 35 U.S.C. §1 19(e), of 
US. Provisional Application Ser. No. 61/102, 122, ?led on 
Oct. 2, 2008, entitled “Combination Locate and Marking 
Device With a Data Acquisition System Installed Therein, 
and Associated Methods.” 

[0004] Ser. No. 12/569,192 also claims a priority bene?t, 
under 35 U.S.C. §120, as a continuation-in-part (CIP) of US. 
Non-provisional application Ser. No. 12/568,087, ?led on 
Sep. 28, 2009, entitled “Methods and Apparatus for Generat 
ing an Electronic Record of Environmental Landmarks Based 
on Marking Device Actuations,” Which in turn claims the 
bene?t, under 35 U.S.C. §119(e), of US. Provisional Patent 
Application Ser. No. 61/ 102,205, ?led Oct. 2, 2008, and 
entitled “Data Acquisition For And Method Of Analyzing 
Locate Operations With Respect To Environmental Land 
marks.” 

[0005] Ser. No. 12/568,087 also claims a priority bene?t, 
under 35 U.S.C. §120, as a continuation-in-part (CIP) of US. 
Non-provisional application Ser. No. 12/ 539,497, ?led on 
Aug. 11, 2009, entitled “Methods and Apparatus for Gener 
ating an Electronic Record of a Marking Operation based on 
Marking DeviceActuations,” Which in turn claims the bene?t, 
under 35 U.S.C. § 1 19(e), ofU.S. Provisional Application Ser. 
No. 61/102,151, ?led on Oct. 2, 2008, entitled “Data acqui 
sition system for and method of analyZing marking opera 
tions based on marking device actuations.” 

[0006] Each of the above-identi?ed applications is incor 
porated by reference herein in its entirety. 

BACKGROUND 

[0007] Field service operations may be any operation in 
Which companies dispatch technicians and/or other staff to 
perform certain activities, for example, installations, services 
and/or repairs. Field service operations may exist in various 
industries, examples of Which include, but are not limited to, 
netWork installations, utility installations, security systems, 
construction, medical equipment, heating, ventilating and air 
conditioning (HVAC) and the like. 

Apr. 8, 2010 

[0008] An example of a ?eld service operation in the con 
struction industry is a so-called “locate and marking opera 
tion,” also commonly referred to more simply as a “locate 
operation” (or sometimes merely as “a locate”). In a typical 
locate operation, a locate technician visits a Work site in 
Which there is a plan to disturb the ground (e.g., excavate, dig 
one or more holes and/or trenches, bore, etc.) so as to deter 
mine a presence or an absence of one or more underground 

facilities (such as various types of utility cables and pipes) in 
a dig area to be excavated or disturbed at the Work site. In 
some instances, a locate operation may be requested for a 
“design” project, in Which there may be no immediate plan to 
excavate or otherWise disturb the ground, but nonetheless 
information about a presence or absence of one or more 

underground facilities at a Work site may be valuable to 
inform a planning, permitting and/or engineering design 
phase of a future construction project. 
[0009] In many states, an excavator Who plans to disturb 
ground at a Work site is required by laW to notify any poten 
tially affected underground facility oWners prior to undertak 
ing an excavation activity. Advanced notice of excavation 
activities may be provided by an excavator (or another party) 
by contacting a “one-call center.” One-call centers typically 
are operated by a consortium of underground facility oWners 
for the purposes of receiving excavation notices and in turn 
notifying facility oWners and/or their agents of a plan to 
excavate. As part of an advanced noti?cation, excavators typi 
cally provide to the one-call center various information relat 
ing to the planned activity, including a location (e.g., address) 
of the Work site and a description of the dig area to be exca 
vated or otherWise disturbed at the Work site. 

[0010] FIG. 1 illustrates an example in Which a locate 
operation is initiated as a result of an excavator 110 providing 
an excavation notice to a one-call center 120. An excavation 
notice also is commonly referred to as a “locate request,” and 
may be provided by the excavator to the one-call center via an 
electronic mail message, information entry via a Website 
maintained by the one-call center, or a telephone conversation 
betWeen the excavator and a human operator at the one-call 
center. The locate request may include an address or some 
other location-related information describing the geographic 
location of a Work site at Which the excavation is to be per 
formed, as Well as a description of the dig area (e.g., a text 
description), such as its location relative to certain landmarks 
and/or its approximate dimensions, Within Which there is a 
plan to disturb the ground at the Work site. One-call centers 
similarly may receive locate requests for design projects (for 
Which, as discussed above, there may be no immediate plan to 
excavate or otherWise disturb the ground). 

[0011] Using the information provided in a locate request 
for planned excavation or design projects, the one-call center 
identi?es certain underground facilities that may be present at 
the indicated Work site. For this purpose, many one-call cen 
ters typically maintain a collection “polygon maps” Which 
indicate, Within a given geographic area over Which the one 
call center has jurisdiction, generally Where underground 
facilities may be found relative to some geographic reference 
frame or coordinate system. 

[0012] Polygon maps typically are provided to the one-call 
centers by underground facilities oWners Within the jurisdic 
tion of the one call center (“members” of the one-call center). 
A one-call center ?rst provides the facility oWner/member 
With one or more maps (e.g., street or property maps) Within 
the jurisdiction, on Which are superimposed some type of grid 



US 2010/0088164 A1 

or coordinate system employed by the one-call center as a 
geographic frame of reference. Using the maps provided by 
the one-call center, the respective facilities oWners/members 
draW one or more polygons on each map to indicate an area 

Within Which their facilities generally are disposed under 
ground (Without indicating the facilities themselves). These 
polygons themselves do not precisely indicate geographic 
locations of respective underground facilities; rather, the area 
enclosed by a given polygon generally provides an over 
inclusive indication of Where a given facilities oWner’s under 
ground facilities are disposed. Different facilities oWners/ 
members may draW polygons of different siZes around areas 
including their underground facilities, and in some instances 
such polygons can cover appreciably large geographic 
regions (e.g., an entire subdivision of a residential area), 
Which may further obfuscate the actual/precise location of 
respective underground facilities. 
[0013] Based on the polygon maps collected from the 
facilities oWners/members, the one-call center may in some 
instances create composite polygon maps to shoW polygons 
of multiple different members on a single map. Whetherusing 
single member or composite polygon maps, the one-call cen 
ter examines the address or location information provided in 
the locate request and identi?es a signi?cant buffer Zone 
around an identi?ed Work site so as to make an over-inclusive 

identi?cation of facilities oWners/members that may have 
underground facilities present (e.g., to err on the side of 
caution). In particular, based on this generally over-inclusive 
buffer Zone around the identi?ed Work site (and in some 
instances signi?cantly over-inclusive buffer Zone), the one 
call center consults the polygon maps to identify Which mem 
ber polygons intersect With all or a portion of the buffer Zone 
so as to notify these underground facility oWners/members 
and/or their agents of the proposed excavation or design 
project. Again, it should be appreciated that the buffer Zones 
around an indicated Work site utiliZed by one-call centers for 
this purpose typically embrace a geographic area that 
includes but goes Well beyond the actual Work site, and in 
many cases the geographic area enclosed by a buffer Zone is 
signi?cantly larger than the actual dig area in Which excava 
tion or other similar activities are planned. Similarly, as noted 
above, the area enclosed by a given member polygon gener 
ally does not provide a precise indication of Where one or 
more underground facilities may in fact be found. 

[0014] In some instances, one-call centers may also or 
alternatively have access to various existing maps of under 
ground facilities in their jurisdiction, referred to as “facilities 
maps.” Facilities maps typically are maintained by facilities 
oWners/ members Within the juri sdiction and shoW, for respec 
tive different utility types, Where underground facilities pur 
portedly may be found relative to some geographic reference 
frame or coordinate system (e.g., a grid, a street or property 
map, GPS latitude and longitude coordinates, etc.). Facilities 
maps generally provide someWhat more detail than polygon 
maps provided by facilities oWners/members; hoWever, in 
some instances the information contained in facilities maps 
may not be accurate and/or complete. For at least this reason, 
Whether using polygon maps or facilities maps, as noted 
above the one-call center utiliZes a signi?cant buffer Zone 
around an identi?ed Work site so as to make an over-inclusive 
identi?cation of facilities oWners/members that may have 
underground facilities present. 
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[0015] Once facilities implicated by the locate request are 
identi?ed by a one-call center (e.g., via the polygon map/ 
buffer Zone process), the one-call center generates a “locate 
request ticket” (also knoWn as a “locate ticket,” or simply a 
“ticket”). The locate request ticket essentially constitutes an 
instruction to inspect a Work site and typically identi?es the 
Work site of the proposed excavation or design and a descrip 
tion of the dig area, typically lists on the ticket all of the 
underground facilities that may be present at the Work site 
(e.g., by providing a member code for the facility oWner 
Whose polygon falls Within a given buffer Zone), and may also 
include various other information relevant to the proposed 
excavation or design (e.g., the name of the excavation com 
pany, a name of a property oWner or party contracting the 

excavation company to perform the excavation, etc.). The 
one-call center sends the ticket to one or more underground 

facility oWners 140 and/ or one or more locate service provid 

ers 130 (Who may be acting as contracted agents of the facility 
oWners) so that they can conduct a locate and marking opera 
tion to verify a presence or absence of the underground facili 
ties in the dig area. For example, in some instances, a given 
underground facility oWner 140 may operate its oWn ?eet of 
locate technicians (e. g., locate technician 145), in Which case 
the one-call center 120 may send the ticket to the underground 
facility oWner 140. In other instances, a given facility oWner 
may contract With a locate service provider to receive locate 
request tickets and perform a locate and marking operation in 
response to received tickets on their behalf. 

[0016] Upon receiving the locate ticket, a locate service 
provider or a facility oWner (hereafter referred to as a “ticket 
recipient”) may dispatch a locate technician to the Work site 
of planned excavation to determine a presence or absence of 
one or more underground facilities in the dig area to be 
excavated or otherWise disturbed. A typical ?rst step for the 
locate technician includes utiliZing an underground facility 
“locate device,” Which is an instrument or set of instruments 
(also referred to commonly as a “locate set”) for detecting 
facilities that are concealed in some manner, such as cables 
and pipes that are located underground. The locate device is 
employed by the technician to verify the presence or absence 
of underground facilities indicated in the locate request ticket 
as potentially present in the dig area (e.g., via the facility 
oWner member codes listed in the ticket). This process is often 
referred to as a “locate operation.” 

[0017] In one example of a locate operation, an under 
ground facility locate device is used to detect electromagnetic 
?elds that are generated by an applied signal provided along 
a length of a target facility to be identi?ed. In this example, a 
locate device may include both a signal transmitter to provide 
the applied signal (e.g., Which is coupled by the locate tech 
nician to a tracer Wire disposed along a length of a facility), 
and a signal receiver Which is generally a hand-held apparatus 
carried by the locate technician as the technician Walks 
around the dig area to search for underground facilities. The 
transmitter is connected via a connection point to a target 
object (in this example, underground facility) located in the 
ground, and generates the applied signal coupled to the under 
ground facility via the connection point (e.g., to a tracer Wire 
along the facility), resulting in the generation of a magnetic 
?eld. The magnetic ?eld in turn is detected by the locate 
receiver, Which itself may include one or more detection 
antenna. The locate receiver indicates a presence of a facility 
When it detects electromagnetic ?elds arising from the 
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applied signal. Conversely, the absence of a signal detected by 
the locate receiver generally indicates the absence of the 
target facility. 
[0018] In yet another example, a locate device employed 
for a locate operation may include a single instrument, similar 
in some respects to a conventional metal detector. In particu 
lar, such an instrument may include an oscillator to generate 
an alternating current that passes through a coil, Which in turn 
produces a ?rst magnetic ?eld. If a piece of electrically con 
ductive metal is in close proximity to the coil (e.g., if an 
underground facility having a metal component is beloW/near 
the coil of the instrument), eddy currents are induced in the 
metal and the metal produces its oWn magnetic ?eld, Which in 
turn affects the ?rst magnetic ?eld. The instrument may 
include a second coil to measure changes to the ?rst magnetic 
?eld, thereby facilitating detection of metallic objects. 
[0019] In addition to the locate operation, the locate tech 
nician also generally performs a “marking operation,” in 
Which the technician marks the presence (and in some cases 
the absence) of a given underground facility in the dig area 
based on the various signals detected (or not detected) during 
the locate operation. For this purpose, the locate technician 
conventionally utiliZes a “marking device” to dispense a 
marking material on, for example, the ground, pavement, or 
other surface along a detected underground facility. Marking 
material may be any material, substance, compound, and/or 
element, used or Which may be used separately or in combi 
nation to mark, signify, and/or indicate. Examples of marking 
materials may include, but are not limited to, paint, chalk, 
dye, and/or iron. Marking devices, such as paint marking 
Wands and/or paint marking Wheels, provide a convenient 
method of dispensing marking materials onto surfaces, such 
as onto the surface of the ground or pavement. 

[0020] In some environments, arroWs, ?ags, darts, or other 
types of physical marks may be used to mark the presence or 
absence of an underground facility in a dig area, in addition to 
or as an alternative to a material applied to the ground (such as 
paint, chalk, dye, tape) along the path of a detected utility. The 
marks resulting from any of a Wide variety of materials and/or 
objects used to indicate a presence or absence of underground 
facilities generally are referred to as “locate marks.” Often, 
different color materials and/ or physical objects may be used 
for locate marks, Wherein different colors correspond to dif 
ferent utility types. For example, the American Public Works 
Association (APWA) has established a standardized color 
coding system for utility identi?cation foruse by public agen 
cies, utilities, contractors and various groups involved in 
ground excavation (e.g., red:electric poWer lines and cables; 
bluerpotable Water; orange?elecommunication lines; 
yelloW:gas, oil, steam). In some cases, the technician also 
may provide one or more marks to indicate that no facility Was 

found in the dig area (sometimes referred to as a “clear”). 
[0021] As mentioned above, the foregoing activity of iden 
tifying and marking a presence or absence of one or more 
underground facilities generally is referred to for complete 
ness as a “locate and marking operation.” HoWever, in light of 
common parlance adopted in the construction industry, and/ 
or for the sake of brevity, one or both of the respective locate 
and marking functions may be referred to in some instances 
simply as a “locate operation” or a “locate” (i.e., Without 
making any speci?c reference to the marking function). 
Accordingly, it should be appreciated that any reference in the 
relevant arts to the task of a locate technician simply as a 
“locate operation” or a “locate” does not necessarily exclude 
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the marking portion of the overall process. At the same time, 
in some contexts a locate operation is identi?ed separately 
from a marking operation, Wherein the former relates more 
speci?cally to detection-related activities and the latter 
relates more speci?cally to marking-related activities. 
[0022] Inaccurate locating and/or marking of underground 
facilities can result in physical damage to the facilities, prop 
er‘ty damage, and/or personal injury during the excavation 
process that, in turn, can expose a facility oWner or contractor 
to signi?cant legal liability. When underground facilities are 
damaged and/or When property damage or personal injury 
results from damaging an underground facility during an 
excavation, the excavator may assert that the facility Was not 
accurately located and/or marked by a locate technician, 
While the locate contractor Who dispatched the technician 
may in turn assert that the facility Was indeed properly located 
and marked. Proving Whether the underground facility Was 
properly located and marked can be di?icult after the exca 
vation (or after some damage, e.g., a gas explosion), because 
in many cases the physical locate marks (e.g., the marking 
material or other physical marks used to mark the facility on 
the surface of the dig area) Will have been disturbed or 
destroyed during the excavation process (and/ or damage 
resulting from excavation). 

SUMMARY 

[0023] As discussed above, in various ?eld service opera 
tions, a number of ?eldtechnicians typically are dispatched to 
perform ?eld operations at any given time, and over any given 
time period each technician may be assigned numerous Work 
orders, or “tickets” specifying aspects of the ?eld operations 
to be performed. The volume of tickets per technician may be 
particularly high in the construction industry, especially in 
connection With locate and marking operations. The inventors 
have recogniZed and appreciated that implementing and per 
forming meaningful oversight and quality control activities in 
a timely fashion for several ?eld technicians each performing 
several ?eld operations in a given time period may present 
challenges, and that failure to perform meaningful oversight 
and quality control activities may adversely affect customer 
satisfaction. 
[0024] Additionally, the inventors have appreciated that the 
time, effort, and cost that is associated With re-performing 
Work in the ?eld, or With correcting and/ or improving poorly 
performed ?eld calls, may be unacceptable. Consequently, 
the inventors have realiZed that a need exists for methods of 
providing oversight and quality control in ?eld service opera 
tions in order to improve customer satisfaction, to identify 
and reduce the number of poorly performed tickets, and to 
improve visibility into distributed Workforce operations. 
[0025] In vieW of the foregoing, various inventive embodi 
ments disclosed herein relate generally to methods, apparatus 
and systems for computer-aided determination of quality 
assessment for locate and marking operations. In some 
embodiments, a quality assessment decision is solely under 
the discretion of a human revieWer, albeit facilitated in some 
respects by computer-aided display of information, and elec 
tronic record-keeping and communication functions associ 
ated With the quality assessment result(s). In other embodi 
ments, information related to a locate and marking operation 
is electronically analyZed such that a quality assessment is not 
based solely on human discretion, but rather based at least in 
part on some predetermined criteria and/ or metrics that facili 
tate an automated determination of quality assessment. 
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[0026] More speci?cally, in some embodiments, methods, 
apparatus and systems according to the present disclosure 
relate to at least partially automating oversight and quality 
assessment in underground facility locate applications and/or 
other ?eld service operations. For example, in some embodi 
ments, an automated quality assessment system may receive 
information related to a locate and marking operation from 
one or more sources of electronic data (also referred to herein 
as “?eld information” or “?eld data”), analyZe the contents of 
the received electronic data, and automatically assess the 
quality of the operation based at least in part on the analysis. 
In other embodiments, automated analysis of at least some of 
the received electronic data relating to the locate and marking 
operation facilitates further analysis and/ or quality assess 
ment by a human, in Which the quality assessment is not based 
solely on the discretion of the human, but is signi?cantly 
informed in some manner by automated analysis of data. 

[0027] In some exemplary implementations in Which a 
quality of a locate and marking operation is assessed via an at 
least partially automated process, some or all of the available 
?eld information (e.g., Which in some instances is derived 
from data contained in an electronic record of the locate and 
marking operation) is compared to “reference information” 
or “reference data” (Which in some instances is derived from 
data contained in a “reference” electronic record). Examples 
of types of reference information/data used in a quality 
assessment process according to various embodiments dis 
cussed herein may include, but are not limited to: l) informa 
tion/data derived from or relating to one or more facilities 

maps that illustrate the presumed physical locations of under 
ground facilities purportedly present in a geographic area 
proximate to or surrounding and subsuming the Work site; 2) 
information/data derived from or relating to one or more 

previous locate and marking operations at or near the Work 
site (referred to herein as “historical tickets” or “historical 
data”); and/or 3) information/data relating to one or more 
environmental landmarks present in a geographic area proxi 
mate to or surrounding and subsuming the dig area (e.g., the 
Work site and its environs), or Within the dig area itself (re 
ferred to herein as “landmark information,” Which may be 
available, for example, from facilities maps, historical tickets, 
and/ or ?eld data collected at or around the time of the locate 
and marking operation being assessed). 
[0028] In other aspects, the quality assessment of the locate 
operation may be performed, in Whole or in part, by one or 
more analysis components (e.g., one or more processors 
executing instructions) separate and/or remote from the 
locate and/or marking device used in connection With the 
locate operation. Alternatively, the assessment may be per 
formed, in Whole or in part, by one or more analysis compo 
nents incorporated Within or otherWise coupled to a locate 
device, a marking device, and/or a combined locate and mark 
ing device. Depending on the nature of the assessment, it may 
be performed substantially in real time With respect to the 
generation of ?eld information/ data used in connection With 
the assessment (e.g., one or more of locate information, mark 
ing information and landmark information contained in elec 
tronic records of a locate and marking operation and/or an 
electronic manifest of same), otherWise during a locate and/or 
marking operation, or after completion of a locate and/or 
marking operation. 
[0029] In some embodiments described herein, a noti?ca 
tion may be generated based on the quality assessment per 
formed. The noti?cation may provide one or more indications 
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of the quality of the locate and marking operation as a Whole, 
or of some aspect thereof. For example, the noti?cation may 
provide an indication of a degree of correspondence or dis 
crepancy betWeen ?eld data contained in the electronic record 
of the locate and marking operation and reference data con 
tained in the reference electronic record to Which it is com 
pared. LikeWise, the noti?cation may provide an indication 
that the locate and marking operation is or is not approved 
based on the comparison of the ?eld data to the reference data. 
The noti?cation may be transmitted electronically or other 
Wise conveyed, for example, to one or more parties associated 
With one or more underground facilities Within the dig area or 
in a geographic area proximate to or surrounding and sub 
suming the Work site, one or more parties associated With the 
performance or oversight of the locate and marking opera 
tion, and/ or one or more parties associated With excavation of 
the dig area, for example. 
[0030] In exemplary embodiments in Which the reference 
information comprises data derived from or relating to one or 
more facilities maps, ?eld information including geographic 
information, facility type information, and/ or other informa 
tion relating to an underground facility detected and/or 
marked during a locate and marking operation may be com 
pared to reference information including geographic and/or 
other information relating to the corresponding facility as 
indicated on one or more facilities maps (e.g., all or some of 
the contents of a current electronic record of a locate and 
marking operation may be compared to reference information 
derived from one or more facilities maps). The comparison 
may generally involve determining Whether or not there is 
agreement betWeen the ?eld information relating to the locate 
and marking operation and the reference information pro 
vided by the one or more facilities maps, Which may in turn 
involve identifying at least one correspondence or discrep 
ancy betWeen the compared information, and in some 
instances a degree of correspondence. 
[0031] In yet other embodiments, a ?rst electronic repre 
sentation of ?eld information relating to a locate and marking 
operation (e.g., data in an electronic record, an electronic 
manifest, etc.), as Well as a second electronic representation 
of reference information (e.g., data in a reference electronic 
record from any of a variety of sources) to Which the ?rst 
electronic representation is compared, may be visually ren 
dered (e.g., via a computer-generated visual representation in 
a display ?eld) such that the electronic representations are 
overlaid to provide a visual aid to an automated assessment 
process. 

[0032] In sum, one embodiment of the present invention is 
directed to a method, performed in a computer comprising at 
least one hardWare processor, at least one tangible storage 
medium, and at least one input/ output (I/O) interface, for 
evaluating a quality of a locate and/or marking operation to 
identify a presence or an absence of at least one underground 
facility at a Work site. The method comprises: A) comparing 
?rst information relating to the locate and/ or marking opera 
tion to second information obtained from at least one facilities 
map; B) automatically generating, based on A), at least one 
indication of a quality assessment of the locate and/ or mark 
ing operation; and C) electronically storing on the at least one 
tangible storage medium, and/ or electronically transmitting 
via the at least one I/O interface, the at least one indication of 
the quality assessment so as to provide an electronic record of 
the quality assessment. 



US 2010/0088164 A1 

[0033] Another embodiment is directed to an apparatus for 
evaluating a quality of a locate and/or marking operation to 
identify a presence or an absence of at least one underground 
facility at a Work site. The apparatus comprises: at least one 
input/output (I/O) interface; at least one memory storing pro 
ces sor-executable instructions; and a processor coupled to the 
memory and the at least one I/O interface. Upon execution of 
the processor-executable instructions by the processor, the 
processor: A) compares ?rst information relating to the locate 
and/ or marking operation to second information obtained 
from at least one facilities map; B) automatically generates, 
based on A), at least one indication of a quality assessment of 
the locate and/or marking operation; and C) controls the at 
least one memory so as to electronically store, and/or controls 
the at least one I/O interface so as to electronically transmit, 
the at least one indication of the quality assessment so as to 
provide an electronic record of the quality assessment. 
[0034] Another embodiment is directed to at least one com 
puter-readable storage medium encoded With instructions 
that, When executed by a processor in a computer comprising 
at least one input/output (I/O) interface, perform a method for 
evaluating a quality of a locate and/or marking operation to 
identify a presence or an absence of at least one underground 
facility Within a Work site. The method comprises: A) com 
paring ?rst information relating to the locate and/ or marking 
operation to second information obtained from at least one 
facilities map; B) automatically generating, based on A), at 
least one indication of a quality assessment of the locate and 
marking operation; and C) electronically storing on the at 
least one computer-readable storage medium, and/or elec 
tronically transmitting via the at least one I/O interface, the at 
least one indication of the quality assessment so as to provide 
an electronic record of the quality assessment. 

[0035] For purposes of the present disclosure, the term “dig 
area” refers to a speci?ed area of a Work site Within in Which 
there is a plan to disturb the ground (e.g., excavate, dig holes 
and/ or trenches, bore, etc .), and beyond Which there is no plan 
to excavate in the immediate surroundings. Thus, the metes 
and bounds of a dig area are intended to provide speci?city as 
to Where some disturbance to the ground is planned at a given 
Work site. It should be appreciated that a given Work site may 
include multiple dig areas. 
[0036] The term “facility” refers to one or more lines, 
cables, ?bers, conduits, transmitters, receivers, or other 
physical objects or structures capable of or used for carrying, 
transmitting, receiving, storing, and providing utilities, 
energy, data, substances, and/or services, and/or any combi 
nation thereof. The term “underground facility” means any 
facility beneath the surface of the ground. Examples of facili 
ties include, but are not limited to, oil, gas, Water, seWer, 
poWer, telephone, data transmission, cable television (TV), 
and/or internet services. 

[0037] The term “locate device” refers to any apparatus 
and/or device, used alone or in combination With any other 
device, for detecting and/or inferring the presence or absence 
of any facility, including Without limitation, any underground 
facility. In various examples, a locate device often includes 
both a locate transmitter and a locate receiver (Which in some 
instances may also be referred to collectively as a “locate 
instrument set,” or simply “locate set”). 
[0038] The term “marking device” refers to any apparatus, 
mechanism, or other device that employs a marking dispenser 
for causing a marking material and/or marking object to be 
dispensed, or any apparatus, mechanism, or other device for 
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electronically indicating (e. g., logging in memory) a location, 
such as a location of an underground facility. Additionally, the 
term “marking dispenser” refers to any apparatus, mecha 
nism, or other device for dispensing and/or otherWise using, 
separately or in combination, a marking material and/or a 
marking object. An example of a marking dispenser may 
include, but is not limited to, a pressurized can of marking 
paint. The term “marking material” means any material, sub 
stance, compound, and/or element, used or Which may be 
used separately or in combination to mark, signify, and/or 
indicate. Examples of marking materials may include, but are 
not limited to, paint, chalk, dye, and/or iron. The term “mark 
ing object” means any object and/or objects used or Which 
may be used separately or in combination to mark, signify, 
and/or indicate. Examples of marking objects may include, 
but are not limited to, a ?ag, a dart, and arroW, and/ or an REID 
marking ball. It is contemplated that marking material may 
include marking objects. It is further contemplated that the 
terms “marking materials” or “marking objects” may be used 
interchangeably in accordance With the present disclosure. 
[0039] The term “locate mark” means any mark, sign, and/ 
or object employed to indicate the presence or absence of any 
underground facility. Examples of locate marks may include, 
but are not limited to, marks made With marking materials, 
marking objects, global positioning or other information, 
and/or any other means. Locate marks may be represented in 
any form including, Without limitation, physical, visible, 
electronic, and/ or any combination thereof. 

[0040] The terms “actuate” or “trigger” (verb form) are 
used interchangeably to refer to starting or causing any 
device, program, system, and/or any combination thereof to 
Work, operate, and/or function in response to some type of 
signal or stimulus. Examples of actuation signals or stimuli 
may include, but are not limited to, any local or remote, 
physical, audible, inaudible, visual, non-visual, electronic, 
mechanical, electromechanical, biomechanical, biosensing 
or other signal, instruction, or event. The terms “actuator” or 
“trigger” (noun form) are used interchangeably to refer to any 
method or device used to generate one or more signals or 
stimuli to cause or causing actuation. Examples of an actua 
tor/trigger may include, but are not limited to, any form or 
combination of a lever, sWitch, program, processor, screen, 
microphone for capturing audible commands, and/or other 
device or method. An actuator/trigger may also include, but is 
not limited to, a device, softWare, or program that responds to 
any movement and/or condition of a user, such as, but not 
limited to, eye movement, brain activity, heart rate, other data, 
and/or the like, and generates one or more signals or stimuli in 
response thereto. In the case of a marking device or other 
marking mechanism (e.g., to physically or electronically 
mark a facility or other feature), actuation may cause marking 
material to be dispensed, as Well as various data relating to the 
marking operation (e.g., geographic location, time stamps, 
characteristics of material dispensed, etc.) to be logged in an 
electronic ?le stored in memory. In the case of a locate device 
or other locate mechanism (e.g., to physically locate a facility 
or other feature), actuation may cause a detected signal 
strength, signal frequency, depth, or other information relat 
ing to the locate operation to be logged in an electronic ?le 
stored in memory. 

[0041] The terms “locate and marking operation,” “locate 
operation,” and “locate” generally are used interchangeably 
and refer to any activity to detect, infer, and/or mark the 
presence or absence of an underground facility. In some con 
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texts, the term “locate operation” is used to more speci?cally 
refer to detection of one or more underground facilities, and 
the term “marking operation” is used to more speci?cally 
refer to using a marking material and/or one or more marking 
objects to mark a presence or an absence of one or more 

underground facilities. The term “locate technician” refers to 
an individual performing a locate operation. A locate and 
marking operation often is speci?ed in connection With a dig 
area, at least a portion of Which may be excavated or other 
Wise disturbed during excavation activities. 
[0042] The term “user” refers to an individual utiliZing a 
locate device and/or a marking device and may include, but is 
not limited to, land surveyors, locate technicians, and support 
personnel. 
[0043] The terms “locate request” and “excavation notice” 
are used interchangeably to refer to any communication to 
request a locate and marking operation. The term “locate 
request ticket” (or simply “ticket”) refers to any communica 
tion or instruction to perform a locate operation. A ticket 
might specify, for example, the address or description of a dig 
area to be marked, the day and/or time that the dig area is to be 
marked, and/ or Whether the user is to mark the excavation 
area for certain gas, Water, seWer, poWer, telephone, cable 
television, and/ or some other underground facility. The term 
“historical ticket” refers to past tickets that have been com 
pleted. 
[0044] The term “complex event processing (CEP)” refers 
to a softWare and/or hardware-implemented (e.g., facilitated 
by a computer system, distributed computer system, compu 
tational analysis coded in softWare, and/or a combination 
thereof) technique relating to recognizing one or more events, 
patterns of events, or the absence of an event or pattern of 
events, Within one or more input streams of information and 
performing one or more actions and/ or computations in 
response to such recognition, in accordance With speci?ed 
rules, criteria, algorithms, or logic. CEP generally involves 
detection of relationships betWeen information contained in 
input streams (Which input streams may include indications 
of previously recogniZed events), such as causality, member 
ship, timing, event-driven processes, detection of complex 
patterns of one or more events, event streams processing, 
event correlation and abstraction, and/or event hierarchies. 
CEP may complement and contribute to technologies such as, 
but not limited to, service oriented architecture (SOA), event 
driven architecture (EDA), and/or business process manage 
ment (BPM). CEP alloWs the information contained in the 
events ?oWing through all of the layers of a service business, 
an enterprise information technology infrastructure and/or 
management operation to be discovered, analyZed, and 
understood in terms of its impact on management goals and 
business processes, and acted upon in real time or as a man 
agement process. 
[0045] The following US. published application are 
hereby incorporated herein by reference: 
[0046] US. publication no. 2008-0228294-Al, published 
Sep. 18, 2008, ?led Mar. 13, 2007, and entitled “Marking 
System and Method With Location and/or Time Tracking,” 

[0047] US. publication no. 2008-0245299-Al, published 
Oct. 9, 2008, ?ledApr. 4, 2007, and entitled “Marking System 
and Method,” 
[0048] US. publication no. 2009-00l3928-Al, published 
Jan. 15, 2009, ?led Sep. 24, 2008, and entitled “Marking 
System and Method,” 
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[0049] US. publication no. 2009-0202l0l-Al, published 
Aug. 13, 2009, ?led Feb. 12, 2008, and entitled “Electronic 
Manifest of Underground Facility Locate Marks,” 
[0050] US. publication no. 2009-0202ll0-Al, published 
Aug. 13, 2009, ?led Sep. 11, 2008, and entitled “Electronic 
Manifest of Underground Facility Locate Marks,” 
[0051] US. publication no. 2009-020l3ll-Al, published 
Aug. 13, 2009, ?led Jan. 30, 2009, and entitled “Electronic 
Manifest of Underground Facility Locate Marks,” 
[0052] US. publication no. 2009-0202lll-Al, published 
Aug. 13, 2009, ?led Jan. 30, 2009, and entitled “Electronic 
Manifest of Underground Facility Locate Marks,” 
[0053] US. publication no. 2009-0204625-Al, published 
Aug. 13, 2009, ?led Feb. 5, 2009, and entitled “Electronic 
Manifest of Underground Facility Locate Operation,” 
[0054] US. publication no. 2009-0204466-Al, published 
Aug. 13, 2009, ?led Sep. 4, 2008, and entitled “Ticket 
Approval System For and Method of Performing Quality 
Control In Field Service Applications,” 
[0055] US. publication no. 2009-02070l9-Al, published 
Aug. 20, 2009, ?led Apr. 30, 2009, and entitled “Ticket 
Approval System For and Method of Performing Quality 
Control In Field Service Applications,” 
[0056] US. publication no. 2009-02l0284-Al, published 
Aug. 20, 2009, ?led Apr. 30, 2009, and entitled “Ticket 
Approval System For and Method of Performing Quality 
Control In Field Service Applications,” 
[0057] US. publication no. 2009-02l0297-Al, published 
Aug. 20, 2009, ?led Apr. 30, 2009, and entitled “Ticket 
Approval System For and Method of Performing Quality 
Control In Field Service Applications,” 
[0058] US. publication no. 2009-02l0298-Al, published 
Aug. 20, 2009, ?led Apr. 30, 2009, and entitled “Ticket 
Approval System For and Method of Performing Quality 
Control In Field Service Applications,” 
[0059] US. publication no. 2009-02l0285-Al, published 
Aug. 20, 2009, ?led Apr. 30, 2009, and entitled “Ticket 
Approval System For and Method of Performing Quality 
Control In Field Service Applications,” 
[0060] US. publication no. 2009-0204238-Al, published 
Aug. 13, 2009, ?led Feb. 2, 2009, and entitled “Electronically 
Controlled Marking Apparatus and Methods,” 
[0061] US. publication no. 2009-0208642-Al, published 
Aug. 20, 2009, ?led Feb. 2, 2009, and entitled “Marking 
Apparatus and Methods For Creating an Electronic Record of 
Marking Operations,” 
[0062] US. publication no. 2009-02l0098-Al, published 
Aug. 20, 2009, ?led Feb. 2, 2009, and entitled “Marking 
Apparatus and Methods For Creating an Electronic Record of 
Marking Apparatus Operations,” 
[0063] US. publication no. 2009-020ll78-Al, published 
Aug. 13, 2009, ?led Feb. 2, 2009, and entitled “Methods For 
Evaluating Operation of Marking Apparatus,” 
[0064] US. publication no. 2009-0202ll2-Al, published 
Aug. 13, 2009, ?led Feb. 11, 2009, and entitled “Searchable 
Electronic Records of Underground Facility Locate Marking 
Operations,” and 
[0065] US. publication no. 2009-02046l4-Al, published 
Aug. 13, 2009, ?led Feb. 11, 2009, and entitled “Searchable 
Electronic Records of Underground Facility Locate Marking 
Operations.” 
[0066] It should be appreciated that all combinations of the 
foregoing concepts and additional concepts discussed in 
greater detail beloW (provided such concepts are not mutually 
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inconsistent) are contemplated as being part of the inventive 
subject matter disclosed herein. In particular, all combina 
tions of claimed subject matter appearing at the end of this 
disclosure are contemplated as being part of the inventive 
subject matter disclosed herein. It should also be appreciated 
that terminology explicitly employed herein that also may 
appear in any disclosure incorporated by reference should be 
accorded a meaning most consistent With the particular con 
cepts disclosed herein. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0067] The draWings are not necessarily to scale, emphasis 
instead generally being placed upon illustrating the principles 
of the invention. 
[0068] FIG. 1 shoWs an example in Which a locate and 
marking operation is initiated as a result of an excavator 
providing an excavation notice to a one-call center. 
[0069] FIG. 2 illustrates a block diagram of an automated 
quality assessment system for assessing the quality of a ?eld 
service operation, in accordance With the present disclosure; 
[0070] FIG. 3 illustrates a How diagram ofan example ofa 
process for automatically assessing the quality of a ?eld ser 
vice operation, in accordance With the present disclosure; 
[0071] FIG. 4 illustrates a functional block diagram of an 
example of an automated quality assessment application, in 
accordance With the present disclosure; 
[0072] FIG. 5 is an example of a facilities map to Which 
information relating to a locate and/ or marking operation may 
be compared; 
[0073] FIG. 6 illustrates a How diagram ofan example ofa 
method of automatically performing a quality assessment, in 
accordance With the present disclosure; 
[0074] FIG. 7 illustrates a How diagram of an example of a 
process for automatically generating a quality assessment of 
a locate and marking operation based, at least in part, on a 
comparison of information obtained from equipment used 
during the locate and marking operation and one or more 
facilities maps, in accordance With the present disclosure; 
[0075] FIG. 8 illustrates a How diagram of an example of a 
process for determining the distance betWeen tWo sets of 
geo-location points, in accordance With the present disclo 
sure; 
[0076] FIG. 9 illustrates a block diagram of a computer, on 
Which some embodiments in accordance With the present 
disclosure may be implemented; and 
[0077] FIG. 10 is a diagram ofan overlay ofa locate and/or 
marking operation on an aggregated facilities map, in accor 
dance With the present disclosure. 

DETAILED DESCRIPTION 

[0078] FolloWing beloW are more detailed descriptions of 
various concepts related to, and embodiments of, inventive 
systems, methods and apparatus for analyZing locate and 
marking operations With respect to facilities maps. It should 
be appreciated that various concepts introduced above and 
discussed in greater detail beloW may be implemented in any 
of numerous Ways, as the disclosed concepts are not limited to 
any particular manner of implementation. Examples of spe 
ci?c implementations and applications are provided prima 
rily for illustrative purposes. 
[0079] Various inventive embodiments disclosed herein 
relate to methods, apparatus and systems forperforming over 
sight and quality control in ?eld service operations, such as 
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locate and marking operations. In general, approvers and/or 
managers may revieW the quality of these locate and marking 
operations in real time and/ or Within a certain amount of time 
(e.g., Within one day) of completion of the operation. The 
revieW of a locate and marking operation by a human (e. g., an 
approver or manager) and the determination of a quality 
assessment for the operation based solely on the discretion of 
the human is referred to herein as a “manual quality assess 
ment.” 

[0080] Some embodiments described herein are related to 
methods, apparatus and systems for at least partially automat 
ing oversight and quality assessment in underground facility 
locate operations and/or other ?eld service operations. For 
example, in some embodiments, an automated quality assess 
ment system may receive “?eld information” (also referred to 
as “?eld data”) related to a locate and marking operation from 
one or more sources of electronic data (e.g., electronic 
records of locate and marking operations generated by vari 
ous locate equipment, an electronic manifest for same, ticket 
information, service-related information, etc.), electronically 
analyZe the contents of the ?eld information/ data by compar 
ing it to “reference information” (also referred to as “refer 
ence data”) derived from or related to one or more facilities 

maps, and automatically assess the quality of the operation 
based at least in part on the analysis (e.g., according to pre 
determined criteria on Which the comparison is based and 
metrics for the criteria). 
[0081] In other embodiments, automated analysis of ?eld 
information/data facilitates further analysis and/ or quality 
assessment by a human, in Which the quality assessment is not 
based solely on the discretion of the human, but is signi? 
cantly informed in some manner by automated analysis of 
data. As contrasted With the above-discussed “manual quality 
assessment” of a locate and marking operation by a human, 
this type of assessment (e.g., based on some degree of elec 
tronic analysis of data relating to a locate and marking opera 
tion) is referred to herein as “automated quality assessment.” 

[0082] In some embodiments, methods, apparatus and sys 
tems according to the present invention may automatically 
output one or more of a variety of indications of the assessed 
quality of a locate operation. In one aspect, the indication of 
the assessed quality of a locate operation may be a catego 
riZed into one or more of a plurality of quality categories. Any 
suitable number and type of categories may be used, as the 
invention is not limited in this respect. For example, in some 
embodiments, a locate operation may be automatically cat 
egoriZed as either, (a) approvedino further action needed; 
(b) satisfactory, but the locate technician needs coaching or 
training; (c) unsatisfactoryithe ticket needs quality control 
(QC) action; or (d) real-time promptian aspect of the assess 
ment may be suitable for prompting the locate technician in 
real time With respect to, for example, performing an imme 
diate veri?cation and/ or corrective action. In other implemen 
tations, a score, grade, or other graduated indication (e.g., 
based on some maximum range or scale) may be provided as 
an indication of quality assessment in connection With a 
locate and marking operation. 
[0083] FIG. 2 is a block diagram of an automated quality 
assessment system 1800. Automated quality assessment sys 
tem 1800 may be, for example, a computer system having at 
least one hardWare processor 1803, a memory 1805 that com 
prises at least one tangible storage medium (e. g., RAM, 
ROM, Flash memory, one or more magnetic storage devices, 
one or more optical storage devices, or any other type of 
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tangible storage medium), and at least one communications 
interface 1801. Memory 1805 may store computer-readable 
instructions of an automated quality assessment application 
1200, Which may be executed by processor 1803. When 
executed by processor 1803, automated quality assessment 
application 1200 may obtain information associated With a 
?eld service operation (e. g., a locate and marking operation) 
from data sources 1216 via communication interface 1801, 
analyZe the data to assess the quality of the ?eld service 
operation and may output (e.g., via communication interface 
1801) one or more indications of the quality assessment of the 
?eld service operation. In some implementations, one or 
more indications of the quality assessment may be stored in 
the memory and/ or transmitted via the communication inter 
face to provide an electronic record of the quality assessment. 
[0084] FIG. 3 is a How chart of process 1900 that may be 
performed by quality assessment application 1200 to auto 
matically assess the quality of a ?eld service operation, such 
as, for example, a locate and marking operation. Process 1900 
begins at act 1901, Where the automated quality assessment 
application receives electronic information associated With a 
?eld service operation. The process next continues to act 
1903, Where the automated quality assessment application 
analyZes at least some of the received information to auto 
matically generate a quality assessment of the ?eld service 
operation. The process next continues to act 1905, Where the 
automated quality assessment application outputs an indica 
tion of the quality of the ?eld service operation that is based 
on the assessment generated in the act 1903. 

[0085] Referring to FIG. 4, a more detailed functional 
block diagram of automated quality assessment application 
1200 and data sources 1216 is presented. Automated quality 
assessment application 1200 may be, for example, a rules 
based computer softWare application that includes, for 
example, an information processing component 1210, quality 
assessment outcomes 1212 (e.g., one or more indications of 

the quality assessment), and a feedback component 1214. 
Automated quality assessment application 1200 may be fed 
by any number of data sources 1216, Which may include 
various types of electronic information and/ or records of data 
associated With locate and marking operations performed in 
the ?eld (e.g., both “?eld information/data” and “reference 
information/data”). 
[0086] For example, the automated quality assessment 
application 1200 of the present disclosure may automatically 
revieW a variety of ?eld information, Which may include 
“closed” or completed tickets (i.e., tickets pursuant to Which 
a locate and marking operation has been performed) and their 
associated manifests (Which may or may not include digital 
images relating to the locate operation), and/or any informa 
tion relating thereto, in essentially real time and/or Within a 
speci?ed amount of time, such as Within one day, from the 
ticket being closed. In some embodiments discussed in fur 
ther detail beloW, closed tickets may be revieWed by auto 
matically interrogating received data associated With a locate 
and marking operation against various metrics, such as refer 
ence information/ data derived from or relating to one or more 

facilities maps. 

[0087] In some embodiments, information processing 
component 1210 of automated quality assessment applica 
tion 1200 may be, for example, a rules-based softWare com 
ponent for analyZing the contents of any information that is 
available in data sources 1216 and then automatically per 
forming an assessment With respect to the quality of a locate 
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operation that is performed in the ?eld. For each locate and 
marking operation that is assessed, information processing 
component 1210 may automatically generate a quality 
assessment outcome 1212 that corresponds to the results of 
the automatic quality assessment. 

[0088] Any suitable type of outcome may be generated. For 
example, in some embodiments, the outcome generated may 
be a categorization of the locate operation into one of a 
plurality of quality categories (also referred to herein as 
“scoring” categories or “grading” categories). For example, 
based on the automatic quality assessment, a locate operation 
may be categorized as: 

[0089] APPROVEDithe locate operation is approved, 
no further action needed; 

[0090] SATISFACTORYithe locate operation is 
approved, but the locate technician needs coaching or 
training; 

[0091] UNSATISFACTORYithe locate operation is 
not approved, the ticket needs QC action; or 

[0092] PROMPTian aspect of the locate operation 
assessment may be suitable for transmitting a real-time 
prompt to the locate technician With respect to, for 
example, performing a substantially immediate veri?ca 
tion and/ or corrective action. 

[0093] Other examples of possible outcomes generated by 
automated ticket application 1200 include, but are not limited 
to, a numerical score (e.g., a score of 0-l00%), a grade (e.g., 
a grade of A-F), or other graduated indicator, based on some 
range, scale and/ or resolution (granularity), that is indicative 
of the quality of the assessed locate operation. 
[0094] Feedback component 1214 of automated quality 
assessment application 1200 generates the real-time prompts. 
For example, once the nature of the real -time prompt is deter 
mined, feedback component 1214 queries the ticket informa 
tion in order to ensure that the prompt is directed to the proper 
originating locate technician. Additional details of the opera 
tion of automated quality assessment application 1200 are 
described With reference to the method of FIG. 15. 

[0095] Examples of data sources 1216 that may be pro 
cessed by information processing component 1210 of auto 
mated quality assessment application 100 may include, but 
are not limited to, one or more tickets 1220, a virtual White 

lines (VWL) application 1230, a ticket assessment applica 
tion 1240, locating equipment data 1250, an electronic mani 
fest (EM) application 1260, a collection of facilities maps 
1280, an archive of historical tickets 1290, and any other 
electronic information and/or records 1295. In implementa 
tion, the various data sources 1216 may be supplied by mul 
tiple entities (not shoWn) and accessible to automated quality 
assessment application 1200 via, for example, a netWorked 
computing system for supporting locate operations, an 
example of Which is described With reference to FIGS. 14 and 
15. 

[0096] In various embodiments of automated quality 
assessment based on information/data derived from the data 
sources 1216, it should be appreciated that some of this infor 
mation/data may be treated as “?eld information/data” and 
some of this information/data may be treated as “reference 
information/data” to Which the ?eld information/data is com 
pared during the assessment process. Additionally, it should 
be appreciated that some of the information/data available 
from the data sources 1216 may be used to “pre-process” or 
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?lter one or both of the ?eld information/ data and the refer 
ence information/ data prior to comparison for some types of 
assessments. 

[0097] Tickets 1220 of data sources 1216 are locate request 
tickets that may be submitted by excavators and processed by 
one-call centers. Tickets 1220 may include textual ticket 
information 1222 that comprises instructions With respect to 
performing a locate operation, such as, but not limited to, a 
ticket and/or Work order number, date information, geo 
graphic location information (e.g., address information), 
excavation information, excavator information, site informa 
tion (e.g., a description of the dig area), locate operations 
instructions information, caller information, remarks infor 
mation, task information, and any combinations thereof. 
[0098] Textual descriptions of dig areas included in tickets 
may, in some instances, be very imprecise as to exact physical 
locations at Which digging is planned. Therefore, When a 
locate request is submitted by an excavator, it may be bene? 
cial for the excavator to supplement the locate request With a 
visit to the site of the dig area for the purpose of indicating the 
particular geographic location of the proposed excavation. 
For example, marks (e.g., White paint) on the ground at the 
location at Which digging is planned may be used to physi 
cally indicate a dig area in order to communicate to a locate 
technician the extent of the boundaries Where digging is 
planned. These marks may be chalk marks or paint that is 
applied to the surface of the ground, and are generally knoWn 
as “White lines.” 

[0099] VWL application 1230 of data sources 1216 is a 
computer softWare application that provides an electronic 
draWing tool that may be used by excavators for electronically 
marking up, for example, a digital aerial image of the dig area. 
In this manner, instead of (or in addition to) physically visit 
ing the site of the dig area and marking White lines on the 
ground at that site, an excavator may electronically draW 
markings (e.g., White lines) on an aerial image of the site, 
indicating Where digging is planned. These marked up digital 
images may be saved as, for example, VWL images 1232, 
Which may include accompanied With metadata pertaining to 
various information in the images. One or more VWL images 
1232 in turn may be associated With, for example, tickets 
1220 and transmitted to locate companies. 

[0100] VWL application 1230 may be implemented, for 
example, as described in Us. patent application Ser. No. 
l2/366,853 ?led Feb. 6, 2009, entitled “Virtual White lines for 
delimiting planned excavation sites,” U.S. patent application 
Ser. No. l2/475,905 ?led Jun. 1, 2009, entitled“V1rtual White 
lines for delimiting planned excavation sites of staged exca 
vation projects,” U.S. patent application Ser. No. l2/422,364 
?ledApr. 13, 2009, entitled “V1rtual White lines (V WL) appli 
cation for indicating a planned excavation or locate pat .” 
Each of these patent applications is hereby incorporated by 
reference herein in its entirety. 
[0101] In one example, the dig area indicators in a VWL 
image may include tWo-dimensional (2D) draWing shapes, 
shades, points, symbols, coordinates, data sets, or other indi 
cators to indicate on a digital image the dig area in Which 
excavation is to occur. To generate the electronic image hav 
ing dig area indicators, an image (e. g., an aerial image) of the 
Work site may be sent to an excavator via a netWork, the 
excavator may use a computing device executing the VWL 
application 1230 to create a VWL image by marking up the 
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image to include one or more dig area indicators precisely 
delimiting one or more dig areas Within the Work site and, in 
response, the marked-up VWL image may be received from 
the excavator via the netWork. 

[0102] As noted above, a VWL image 1232 may include 
metadata corresponding to any markings or content in the 
image; in particular, geographic information including geo 
graphic coordinates (e.g., latitude and longitude values) for 
any dig area indicators marked on the image may accompany 
or be included in an image ?le as metadata, and these geo 
graphic coordinates may be employed in some manner as part 
of a quality assessment process. For example, as discussed 
further beloW, in one embodiment geographic information 
derived from a virtual White lines (VWL) application 1230 
(e.g., geographic coordinates associated With one or more dig 
area indicators contained in a VLW image 1232) may be used 
by automated quality assessment application 1200 to ?lter or 
limit the contents of either ?eld data or reference data prior to 
analysis/comparison. 
[0103] In particular, in one exemplary implementation, 
geographic coordinates associated With a dig area indicator 
may be used to select contents that relates only to a geo 
graphic area including the geographic coordinates for the dig 
area indicator, or contents that falls Within a predetermined 
radius of the geographic coordinates for the dig area indicator 
or a polygon-shaped buffer Zone around the geographic coor 
dinates for the dig area indicator. In yet another example, 
geographic coordinates associated With a dig area indicator 
may be used to ?lter out some contents that does not relate to 
a speci?cally delimited dig area Within a Work site as de?ned 
by the VWL application (e. g., ?rst geographic information or 
another portion of information may be selected from the ?eld 
data, and/or second geographic information or another por 
tion of information may be selected from the reference data, 
that relates only to a geographic area delimited by the VWL 
geographic information). Accordingly, it should be appreci 
ated that in some embodiments, the dig area indicator coor 
dinates may identify a plurality of points along a perimeter of 
the delimited dig area, and these coordinates may be used to 
select speci?c geographic information (e.g., ?lter out geo 
graphic information outside of the delimited dig area). In 
other embodiments, the dig area indicator coordinates may 
identify a single point, in Which case the coordinates may be 
used to select particular information based at least in part on 
the coordinates for the single point. 
[0104] With respect to locating equipment data 1250, as 
noted above, a locate technician may use locating equipment, 
such as a locate instrument set (including a locate receiver 
device), a marking device, or a combined locate and marking 
device, so as to perform a locate and marking operation. 
Locating equipment data 1250 of data sources 1216 may be 
any information that is collected and/or generated (e.g., one 
or more electronic records) by any type of locating equipment 
equipped With components that are capable of collecting elec 
tronic information and/or creating electronic records about 
locate and marking operations that are performed in the ?eld. 
In some examples, locating equipment data 1250 is consti 
tuted by “marking information” or marking device data 1252 
that is associated generally With the marking functionality of 
a locate and marking operation, and/or “locate information” 
or locate receiver data 1254 that is associated generally With 
the locating/detection functionality of a locate and marking 












































