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(57) ABSTRACT 

A holistic approach to management and oversight of locate 
and marking operations is provided. Initial requests to per 
form such operations are improved, and such requests are 
intelligently assessed to appropriately allocate resources to 
perform operations. Technicians are effectively dispatched 
and may be provided With process guides to facilitate perfor 
mance. A host of information regarding the performance of 
locate operations and their environs is acquired (e.g., via 
improved intelligent instrumentation employed by techni 
cians). A quality of operations (e.g., completeness, accuracy, 
ef?ciency) is assessed, corrective actions may be taken in 
essentially real-time as necessary, and information regarding 
operations and their quality assessments is archived for audit 
ing purposes. Relevant information is communicated to one 
or more parties associated With the operations; in particular, 
requesting parties are apprised of the status of ongoing opera 
tions, and given con?rmation that operations have been per 
formed and are completed. Requesting parties and/or other 
interested parties (e.g., excavators, facility oWners, locate 
contractors, municipalities, regulators, auditors, damage 
investigators, insurance companies, etc.) also may be pro 
vided With detailed information regarding the performance of 
operations and quality assessment of same. 
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SYSTEMS AND METHODS FOR MANAGING 
ACCESS TO INFORMATION RELATING TO 
LOCATE AND/OR MARKING OPERATIONS 

CROSS-REFERENCE TO RELATED 
APPLICATION 

[0001] The application claims the bene?t, under 35 U.S.C. 
§ 120, as a continuation (CON) of US. Non-provisional appli 
cation Ser. No. 12/704,485, entitled “Management System, 
and Associated Methods and Apparatus, for Providing 
ImprovedVisibility, Quality Control andAudit Capability for 
Underground Facility Locate and/or Marking Operations,” 
?led Feb. 11, 2010, under attorney docket no. D0687. 
70025US01. 

[0002] US. Ser. No. 12/704,485 claims a priority bene?t, 
under 35 U.S.C. §119(a), to Canadian application serial no. 
2,691,780, entitled “Management System, and Associated 
Methods and Apparatus, for Providing Improved Visibility, 
Quality Control and Audit Capability for Underground Facil 
ity Locate and/or Marking Operations,” ?led on Feb. 10, 
2010, under attorney docket no. PAT 7083 1 - 1 CA. 

[0003] US. Ser. No. 12/704,485 claims a priority bene?t, 
under 35 U.S.C. §119(e), to US. provisional application Ser. 
No. 61/151,826, entitled “Management System for Providing 
ImprovedVisibility, Quality Control andAudit Capability for 
Underground Facility Locate Applications,” ?led on Feb. 1 1, 
2009, under attorney docket no. D0687.70025US00. 
[0004] Each of the above-identi?ed applications is hereby 
incorporated herein by reference. 

BACKGROUND 

[0005] 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. 
[0006] 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. 
[0007] 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 
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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. 

[0008] 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). 

[0009] 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. 

[0010] 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 
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. 
[0011] 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. Whether using 
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 
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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. 

[0012] 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. 
[0013] 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 
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request tickets and perform a locate and marking operation in 
response to received tickets on their behalf. 

[0014] Upon receiving the locate request, 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.” 

[0015] 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. FIG. 
2 illustrates a conventional locate device 1500 (indicated by 
the dashed box) that includes a transmitter 1505 and a locate 
receiver 1510. The transmitter 1505 is connected, via a con 
nection point 1525, to a target object (in this example, under 
ground facility 1515) located in the ground 1520. The trans 
mitter generates the applied signal 1530, Which is coupled to 
the underground facility via the connection point (e.g., to a 
tracer Wire along the facility), resulting in the generation of a 
magnetic ?eld 1535. The magnetic ?eld in turn is detected by 
the locate receiver 1510, Which itself may include one or more 
detection antenna (not shoWn). The locate receiver 1510 indi 
cates a presence of a facility When it detects electromagnetic 
?elds arising from the applied signal 1530. Conversely, the 
absence of a signal detected by the locate receiver generally 
indicates the absence of the target facility. 
[0016] 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. 
[0017] 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 



US 2010/0318465 A1 

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. 

[0018] FIGS. 3A and 3B illustrate a conventional marking 
device 50 With a mechanical actuation system to dispense 
paint as a marker. Generally speaking, the marking device 50 
includes a handle 38 at a proximal end of an elongated shaft 
36 and resembles a sort of “Walking stick,” such that a tech 
nician may operate the marking device While standing/Walk 
ing in an upright or substantially upright position. A marking 
dispenser holder 40 is coupled to a distal end of the shaft 36 so 
as to contain and support a marking dispenser 56, e.g., an 
aerosol paint can having a spray nozzle 54. Typically, a mark 
ing dispenser in the form of an aerosol paint can is placed into 
the holder 40 upside doWn, such that the spray nozzle 54 is 
proximate to the distal end of the shaft (close to the ground, 
pavement or other surface on Which markers are to be dis 
pensed). 
[0019] In FIGS. 3A and 3B, the mechanical actuation sys 
tem of the marking device 50 includes an actuator or 
mechanical trigger 42 proximate to the handle 38 that is 
actuated/triggered by the technician (e.g., via pulling, 
depressing or squeezing With ?ngers/hand). The actuator 42 
is connected to a mechanical coupler 52 (e.g., a rod) disposed 
inside and along a length of the elongated shaft 36. The 
coupler 52 is in turn connected to an actuation mechanism 58, 
at the distal end of the shaft 36, Which mechanism extends 
outWard from the shaft in the direction of the spray nozzle 54. 
Thus, the actuator 42, the mechanical coupler 52, and the 
actuation mechanism 58 constitute the mechanical actuation 
system of the marking device 50. 
[0020] FIG. 3A shoWs the mechanical actuation system of 
the conventional marking device 50 in the non-actuated state, 
Wherein the actuator 42 is “at rest” (not being pulled) and, as 
a result, the actuation mechanism 58 is not in contact With the 
spray nozzle 54. FIG. 3B shoWs the marking device 50 in the 
actuated state, Wherein the actuator 42 is being actuated 
(pulled, depressed, squeezed) by the technician. When actu 
ated, the actuator 42 displaces the mechanical coupler 52 and 
the actuation mechanism 58 such that the actuation mecha 
nism contacts and applies pressure to the spray nozzle 54, 
thus causing the spray nozzle to de?ect slightly and dispense 
paint. The mechanical actuation system is spring-loaded so 
that it automatically returns to the non-actuated state (FIG. 
3A) When the actuator 42 is released. 

[0021] 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 
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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”). 
[0022] 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 
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. 
[0023] Inaccurate locating and/or marking of underground 
facilities can result in physical damage to the facilities, prop 
erty 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 entity Who dispatched the technician (e.g., locate 
contractor, facility oWner, municipality, etc.) may in turn 
assert that the facility Was indeed properly located and 
marked. Proving Whether the underground facility Was prop 
erly located and marked can be dif?cult after the excavation 
(or after some damage, e.g., a gas explosion), because in 
many cases the physical locate marks (e.g., the marking mate 
rial 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 

[0024] Entities that oversee the performance of locate 
operations, such as locate contractors, facility oWners, and 
municipalities, may manage locate technician Work forces of 
various sizes. Applicants have recognized and appreciated 
that even for relatively modest-sized technician Work forces, 
implementing and performing meaningful oversight and 
quality control activities in a timely fashion in connection 
With locate operations may be dif?cult; for example, each 
technician may be assigned numerous locate tickets to com 
plete during the course of a given time period, and may cover 
appreciable geographic territory. 
[0025] Conventionally, at best there are limited oversight 
and/or quality control activities in connection With under 
ground facility locate operations, and in many instances there 
are no quality control activities Whatsoever. As a result, in 
some cases locate operations may not even be performed 
pursuant to issued tickets (e.g., technicians don’t go to Work 
sites); in other instances, poor performance, increased risk of 
damage to facilities, and/or a failure to comply With various 
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regulations or contract requirements may go undetected, 
thereby adversely affecting customer satisfaction. Perhaps 
more importantly, locate operations that are not in fact per 
formed pursuant to issued tickets, or poorly performed and/ or 
poorly managed locate operations, may jeopardize public 
safety and/ or the safety of Workers in and around Work sites, 
and may lead to Wide scale utility outages having dramatic 
economic impact on businesses and communities. Addition 
ally, the time, effort and cost that is associated With re-per 
forming Work in the ?eld requiring correction and/or 
improvement of poorly performed locate operations may be 
unacceptable. 
[0026] Moreover, data and infrastructure generally is lack 
ing to facilitate tracking activities and processes in conven 
tional underground facility locate operations and other ?eld 
service operations. Consequently, in order to provide 
improved oversight and quality control, improved instrumen 
tation is required so as to acquire and communicate relevant 
data pertaining to operations, as Well as computer-imple 
mented methods (e.g., computing devices executing softWare 
applications) for effectively and e?iciently acquiring, analyZ 
ing and processing relevant data, and communicating relevant 
information pursuant to such analysis at multiple operational 
levels (e.g., regulators, auditors, management, supervisors, 
technicians) and/or With all interested parties (excavators or 
other requesting parties, one-call centers and their members, 
municipalities, facility oWners, locate contractors, locate 
technicians). 
[0027] Accordingly, a need exists for Ways of providing 
oversight, quality control and proof of compliance With appli 
cable regulations and relevant customer-supplier agreements 
in ?eld service applications in order to remove uncertainty, 
improve customer satisfaction, identify and reduce the num 
ber of poorly performed ?eld calls, and improve manage 
ment’s visibility into the activities of its distributed Workforce 
operations. More speci?cally, a need exists for improved 
approaches to quality control in the underground facility 
locate industry in order to improve customer satisfaction, 
prove performance of relevant customer-supplier agree 
ments, insure compliance With applicable federal, state or 
local regulations and reduce the risk of damage to under 
ground facilities due to poorly performed underground facil 
ity locate operations. 
[0028] In vieW of the foregoing, various embodiments dis 
closed herein relate to inventive systems, methods and appa 
ratus for managing locate operations (i.e., locate and/or mark 
ing operations) to identify (e.g., detect and/or mark) a 
presence or absence of one or more underground facilities 
Within a dig area. In various aspects described herein, the 
systems, methods and apparatus according to the present 
invention provide a holistic approach to management and 
oversight of locate operations in one or more of the folloWing 
Ways: 

[0029] Improving initial requests to perform locate 
operations (e.g., by including image information and/or 
geospatial metadata relating to the Work site/ dig areas in 
Which operations are to be performed); 

[0030] Intelligently processing and assessing locate 
requests (e.g., assessing Work scope, risk, complexity, 
etc., and appropriately allocating available technician 
resources); 

[0031] Effectively and e?iciently dispatching techni 
cians in response to requests (e.g., based on multi-day 
performance WindoWs, shift information relating to 
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available technician resources, technician skill set and 
history, job complexity, etc.); 

[0032] Providing process guides to technicians to facili 
tate locate operations (e.g., locally displaying ticket 
information on locating equipment used in the ?eld, 
and/or providing checklists or Work?oWs for performing 
operations); 

[0033] Acquiring a host of information regarding the 
performance of locate operations and their environs 
(e.g., via improved intelligent instrumentation 
employed by technicians) and/ or generating “electronic 
manifests” of locate operations; 

[0034] Assessing the quality (e.g., completeness, accu 
racy, ef?ciency) of locate operations during perfor 
mance of operations (e.g., in essentially real-time) and/ 
or upon completion of operations; 

[0035] Archiving information regarding locate opera 
tions and their quality assessments to facilitate auditing 
of same; 

[0036] Communicating relevant information to one or 
more parties associated With locate operationsiin par 
ticular, apprising requesting parties of the status of 
ongoing locate operations, con?rming With requesting 
parties that operations have been performed and are 
completed, and providing requesting parties and/or 
other interested parties (e.g., regulators, auditors, dam 
age investigators and assessors, etc.) With detailed infor 
mation regarding the performance of the operation and a 
quality assessment of same; and 

[0037] Enabling facility oWners, locate service provid 
ers/contractors, one-call centers, and/or excavators to 
comply With any applicable reporting requirements 
regarding their respective activities, facilities, and/or 
geographic areas under their jurisdiction. 

[0038] In some exemplary implementations, an improved 
locate request including image data (and optionally non-im 
age data/information associated With the image data) is elec 
tronically created (e.g., by a requesting party, such as an 
excavator, property oWner, facility oWner, regulatory author 
ity, damage investigator, etc.), in Which one or more dig areas 
at a Work site are identi?ed by one or more dig area indicators 
superimposed on an image of the Work site, so as to create a 
marked-up image. Such a request may form the basis of a 
locate request ticket to be forWarded to one or more parties 
that may have underground facilities in an area surrounding 
the Work site (e.g., via a one-call center polygon map process 
as discussed above), in Which the locate request ticket 
includes accompanying image data for the dig area indicator 
(s) and/or the marked-up image itself. 
[0039] In some implementations, a party receiving such a 
ticket may parse the ticket to extract relevant information, 
and/orperform a comprehensive assessment process based on 
information extracted from the ticket (i.e., “ticket informa 
tion”), to provide information that can be used to improve 
activity scheduling, resource allocation, quality control, and/ 
or regulatory compliance. In some aspects, a ticket assess 
ment process may establish the integrity, accuracy, and/or 
completeness of ticket information in connection With speci 
?ed location of planned excavation, and provide assessments 
relating to scope of Work (amount and nature of Work), com 
plexity involved, duration (amount of time required), risk 
(potential liability for damages), business value (penalty and/ 
or pro?tability), and skill/certi?cation requirements for tech 
nicians in performing the operation. 
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[0040] In another aspect of the inventive embodiments dis 
cussed herein, ticket assessment outcomes may be employed 
to inform a scheduling process for dispatching technicians. 
More generally, according to exemplary scheduling pro 
cesses relating to the management systems and methods dis 
closed herein, scheduling of technicians and allocation of 
technicians to particular locate operations may be based at 
least in part on one or more of: performance deadlines for the 
operations and relevant shift times of available technicians; 
various parameters relating to the operations themselves (job 
performance information and/ or quality assessment informa 
tion), technicians (e.g., historical ef?ciencies, particular 
skills/certi?cation, security clearance), and/or relevant envi 
ronmental conditions (e.g., Weather, traf?c); ticket assess 
ment outcomes (e.g., risk information; penalty or pro?tability 
information; complexity information; technician skill/certi 
?cation requirements); contractual obligations betWeen the 
entity dispatching technicians and responsible for/overseeing 
the locate operations, and one or more parties for Which the 
operation(s) is/are being performed; statutory and/ or regula 
tory requirements, such as Wage and hour compliance for 
resources (e.g., availability of resources for scheduling com 
plies With applicable Wage and hour statutes/regulations), 
and/or the time and/or manner in Which a given operation 
needs to be performed pursuant to applicable statutes/regula 
tions. 

[0041] In yet other embodiments of management systems 
and methods, a process guide may be provided to a techni 
cian, once dispatched, to facilitate performance of the locate 
operation. For example, ticket information (Which may 
include an original locate request ticket issued by a one-call 
center, a Work order derived from one or more locate request 
tickets, or other process guide) may be displayed and/or pro 
cessed on one or more pieces of locating equipment used in 
the ?eld by a technician, and/or one or more other computing 
devices (e.g., tablet computer, personal digital assistant, 
smart phone, or other portable/handheld computing device). 
As part of performing the locate operation, the technician 
may provide some input to generate an electronic record or 
log of technician activity during the operation. In one exem 
plary implementation, a process guide in the form of a check 
list may be generated (e.g., based at least in part on the ticket 
information), either at a remote computer and then doWn 
loaded to the locating equipment, or generated at the locate 
equipment itself, and displayed locally to the technician as a 
guide to perform and verify various aspects of the operation 
(s). In another exemplary implementation, a set of instruc 
tions or “Work?oW” may be generated (either remotely or on 
the locate equipment) to guide the technician through a 
sequence of steps to perform the locate operation. Perfor 
mance via a process guide (e.g., checklist or Work?oW) may 
be interactive in that the technician may provide input, or 
automated/semi-automated by analyZing various information 
collected by the locating equipment With respect to the ticket 
information and/or other available information germane to 
the operation(s). 
[0042] With respect to information collected by locating 
equipment, in various implementations of the inventive con 
cepts disclosed herein, a technician may employ one more 
pieces of “intelligent locating equipment,” e.g., one or more 
of a marking device, a locate transmitter, a locate receiver, or 
a combined locate and marking device, that is con?gured to 
acquire, store, process, analyZe and/or transmit a variety of 
information germane to the locate operation. In exemplary 
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aspects, such intelligent locating equipment typically com 
prises a communication interface, memory, one or more pro 
ces sors, a user interface/ display device, and one or more input 
devices/ sensors for acquiring various information germane to 
the operation. Acquired information may be logged into an 
electronic record stored in memory, analyZed/processed in 
any of a variety of manners, and/ or transmitted to one or more 
other devices (e.g., remote computers, other locating equip 
ment, etc.). In some implementations, multiple pieces of 
intelligent locating equipment may be communicatively 
coupled to each other, as Well as one or more other computing 
devices, and Work in tandem to acquire, analyZe or otherWise 
process various information collected in connection With the 
locate operation. 
[0043] For example, intelligent locating equipment may be 
con?gured With a location tracking system to acquire geo 
location data relating to Where underground facilities are 
detected and/or marked. Locate devices may be con?gured 
With proces sor-controlled detection electronics to receive sig 
nals relating to facility detection and to analyZe one or more 
characteristics of such signals. Marking devices may be con 
?gured With marking material detection mechanisms to pro 
vide various information relating to characteristics of mark 
ing material dispensed to mark ground, pavement or other 
surfaces. Both locate and marking devices may be equipped 
With various environmental and/or operational sensors to 
acquire information relating to environmental conditions in 
and around the area of use and/or storage of the locating 
equipment, and/ or operational conditions of the locate equip 
ment itself. Additionally, both locate and marking devices 
may include one or more input devices to acquire information 
relating to landmarks in and around the Work site. Further, one 
or both of the user interface and the communication interface 
of such intelligent locating equipment may serve as conduits 
for receiving various information relating to the operation; for 
example, as discussed above, ticket information or other ser 
vice-related information may be received via the communi 
cation interface, and/or entered in via a user interface, and 
such information may also be logged into an electronic record 
of the locate operation. 
[0044] Whether intelligent locating equipment is utiliZed in 
the ?eld by a technician, or conventional locating equipment 
is employed (e.g., as discussed above in connection With 
FIGS. 2 and 3), in other aspects of the inventive systems, 
methods and apparatus disclosed herein, an electronic mani 
fest of a locate operation is generated during and/or upon 
completion of the locate operation to memorialize various 
aspects of the Work performed. In one example of an elec 
tronic manifest, a technician may utiliZe a computing device 
(e.g., a tablet computer or PC disposed in the technician’s 
vehicle, a portable/handheld device such as personal digital 
assistant or smart phone, the intelligent locating equipment 
itself, etc.) to access an electronic manifest application, Which 
provides a digital image of the Work site and its surroundings 
to the technician (via a display of the computing device), 
together With a draWing tool that alloWs the technician to 
mark-up the image to indicate Where facilities Were detected 
and/or marked, Where landmarks Were detected and/or 
marked, and the like. The electronic manifest application also 
may be con?gured to include With the image information, and 
in some instances alloW the technician to provide, other 
graphic or text based information regarding the operation 
(e.g., date and timestamp for the locate operation, geographic 
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location/geo-coordinates of the Work site/dig area, identi?er 
(s) for the locate technician, facility oWner(s), and/or the 
locate company, etc.). 
[0045] In some implementations in Which the technician 
employs one or more pieces of intelligent locating equipment, 
information stored in one or more electronic records of the 
locating equipment, or information generated in real-time by 
the locating equipment, may be passed to the electronic mani 
fest application and used to automatically populate/mark-up 
an image With electronic detection marks, electronic locate 
marks, and/or electronic landmarks indicating Where facili 
ties/ landmarks Were detected and/ or marked. In the event that 
no underground facilities are found (e. g., a “clear”), in some 
instances one or more physical locate marks may nonetheless 
be applied to the dig area to indicate the absence of an under 
ground facility, and as such one or more electronic locate 
mark indicators may be added to the electronic manifest; 
hoWever, in other instances, no physical locate marks may be 
applied to the dig area in the event of a “clear,” and accord 
ingly in some cases no electronic locate mark indicators may 
be added to the electronic manifest in the event of a “clear.” In 
yet another aspect, the image used by the electronic manifest 
application to create an electronic manifest may be derived 
from image information included With the original locate 
request, Which image information may include information 
relating to one or more dig area indicators; in this manner, 
visual information regarding the locate operation as per 
formed may be superimposed upon an image that includes the 
dig area indicator(s) provided as part of the original locate 
request, so as to generate an electronic manifest. 

[0046] In some implementations, an electronic manifest 
generated either manually by a technician via a draWing tool, 
or automatically populated at least in part With information 
acquired via intelligent locating equipment, may accompany 
or constitute a “completed” electronic locate request ticket. 
For purposes of the present disclosure, a “completed” elec 
tronic locate request ticket refers to an electronic communi 
cation generated by a technician indicating that a locate 
operation has been attempted or performed, at least to some 
extent. Accordingly, it should be appreciated that a “com 
pleted” ticket does not necessarily imply that a locate opera 
tion itself Was successfully performed in its entirety (as dic 
tated by one or more locate request tickets), but that it Was at 
least initiated and attempted in some fashion. For example, a 
technician may be dispatched to a Work site, may begin per 
forming a locate operation, and may encounter some unfore 
seen impediment to completing the operation, or some con 
dition or circumstance that Warrants special action or 
attention. Accordingly, the technician may generate a “com 
pleted” ticket that re?ects the attempted operation but in some 
manner re?ects the anomalous situation attendant to the 
attempted locate operation. In any event, according to various 
embodiments, an electronic manifest, including a marked-up 
image, and/or any of the data/ information associated With the 
image contents, may be provided as part of, or an attachment 
to, a completed locate request ticket so as to augment the 
information content provided pursuant to the locate opera 
tion. 

[0047] In yet other aspects of the inventive systems, meth 
ods and apparatus disclosed herein, completed tickets may be 
revieWed, in essentially real-time during performance of a 
locate operation, and/or at any time folloWing attempt/ 
completion of a locate operation, to provide a quality assess 
ment of the locate operation (e.g., an assessment of the com 
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pleteness, accuracy, and/or ef?ciency of the operation). 
Quality assessment processes according to various embodi 
ments may be primarily under the discretion of a human 
revieWer, albeit facilitated in some respects by computer 
aided display of information, and electronic record keeping 
and communication functions associated With the quality 
assessment result(s). In other embodiments, information 
related to a locate operation (e.g., electronic manifest infor 
mation accompanying or constituting a completed ticket) is 
electronically analyZed such that a quality assessment is 
based at least in part on some predetermined criteria and/or 
metrics that facilitate an automated determination of quality 
assessment. In one aspect, if the locate operation represented 
by the completed ticket complies With a predetermined qual 
ity standard (e.g., based on predetermined criteria and/or 
metrics), the locate operation may be “approved” (e.g., a 
quality assessment process/engine may generate an 
“approved completed locate request ticket”). In another 
aspect, real-time quality assessment during performance of a 
locate operation may facilitate identi?cation of risks or prob 
lems that may be ?agged for proactive corrective action (e. g., 
immediately, or as soon as practicable). 

[0048] In yet other aspects, various quality assessment 
functions may be implemented in a centraliZed or distributed 
fashion. For example, in one implementation, a central server 
or other computing device(s) operated by a locate service 
provider or other entity may collect relevant information from 
the ?eld relating to locate operations and perform quality 
assessments of same. In another implementation, intelligent 
locating equipment may be con?gured to perform some 
degree of quality assessment local to the Work site; for 
example, intelligent locating equipment may be con?gured to 
acquire information about the locate operation and its envi 
rons, compare elements of acquired information to various 
criteria relating to functionality and/or use of the locating 
equipment, and/or one or more environmental conditions 
proximate to the locating equipment and/or Work site in 
Which it is being used, and provide one or more local alerts 
(e.g., visual, audible, and/or tactile indications) to a techni 
cian to indicate any detected out-of-tolerance conditions. 
Such locally detected conditions also may be transmitted by 
intelligent locating equipment to one or more other pieces of 
intelligent locate equipment in the area, and or one or more 
remote computing devices, for further and/ or corroborative 
quality assessment or other analysis. In this fashion, a host of 
quality assessment functionality may be facilitated at various 
organiZational levels, and/or amongst multiple distributed 
computing resources. 

[0049] In other aspects, any information acquired in con 
nection With the locate operation (e.g., electronic records 
acquired by intelligent locating equipment, electronic mani 
fests), as Well as quality assessment results, may be archived 
(e.g., in a database and/ or central data store) for future refer 
ence/ access by various parties that may be interested in such 
information (e.g., excavators, one-call centers, facility oWn 
ers, locate contractors, municipalities, regulatory authorities, 
damage investigators/assessors, insurance companies, etc.). 
In particular, any information relating to an approved com 
pleted locate request ticket may be electronically transmitted 
and/or electronically stored so as to provide a searchable, 
secure, and unalterable electronic record of the locate opera 
tion (e.g., using any of a variety of conventionally available 
encryption algorithms, such as TripleDES/TDEA, or the 
BloW?sh keyed symmetric block cipher). Such an electronic 






















































