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(57) ABSTRACT 

A locate device for a locate operation to detect a presence or 
an absence of one or more underground facilities is con?g 
ured to access and display facilities map information, and/or 
other image information, as a visual aid to facilitate the locate 
operation. In various aspects, methods and apparatus relate 
to: selection of an appropriate “base” facilities map, or infor 
mation from a database of facilities map data, relating to a 
given Work site/dig area; selection of an appropriate pan 
and/or Zoom (resolution) for displaying facilities map infor 
mation; appropriately updating displayed facilities map 
information While a locate device is used during a locate 
operation (e. g. changing pan, Zoom and/or orientation); over 
laying on the displayed facilities map information locate 
information and/or landmark information relating to the 
locate operation; and storing locally on the locate device, 
and/or transmitting from the locate device, facilities map 
information and/ or overlaid locate/ landmark information 
(e.g., for further processing, analysis and/or subsequent dis 
play). 
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BACKGROUND 

[0009] 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. 
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[0010] 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. 
[0011] 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. 

[0012] FIG. 1 illustrates an example in Which a locate 
operation is initiated as a result of an excavator 1 providing an 
excavation notice to a one-call center 2. 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 elec 
tronic mail message, information entry via a Website main 
tained by the one-call center, or a telephone conversation 
betWeen the excavator and a technician at the one-call center. 
The locate request may include an address or some other 
location-related information describing the geographic loca 
tion of a Work site at Which the excavation is to be performed, 
as Well as a description of the dig area (e.g., a text descrip 
tion), 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). 
[0013] 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. 

[0014] 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 
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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. 
[0015] 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. 

[0016] 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. 
[0017] Once facilities implicated by the locate request are 
identi?ed by a one-call center (e.g., via the polygon map/ 
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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 4 and/or one or more locate service providers 
3 (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 4 may operate its oWn ?eet of 
locate technicians (e.g., locate technician 6), in Which case 
the one-call center 2 may send the ticket to the underground 
facility oWner 4. 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. 

[0018] 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 5 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 5 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.” 

[0019] 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 20 (indicated by the 
dashed box) that includes a transmitter 22 and a locate 
receiver 24. The transmitter 22 is connected, via a connection 
point 26, to a target object (in this example, underground 
facility 28) located in the ground 21. The transmitter gener 
ates the applied signal 23, Which is 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 25. The magnetic ?eld in turn is detected by the locate 
receiver 24, Which itself may include one or more detection 
antenna (not shoWn). The locate receiver 24 indicates a pres 
ence of a facility When it detects electromagnetic ?elds aris 
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ing from the applied signal 23. Conversely, the absence of a 
signal detected by the locate receiver generally indicates the 
absence of the target facility. 
[0020] 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. 
[0021] 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. 
[0022] 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). 
[0023] 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. 
[0024] 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 
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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 displaced 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. 

[0025] 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 for use 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”). 

[0026] 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. 

[0027] 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 




















































