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SYSTEM AND METHOD FOR DIGGING 
NAVIGATION 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This patent application claims the bene?t of the 
?ling date of US. Provisional Patent Applications Ser. Nos. 
60/818,032, ?led on Jun. 30, 2006 and entitled “UTILITY 
LOCATION SYSTEM;” and Ser. No. 60/838,692, ?led on 
Aug. 18, 2006 and entitled “SYSTEM AND METHOD FOR 
DIGGING NAVIGATION,” the entire contents of Which are 
hereby expressly incorporated by reference. 

FIELD OF THE INVENTION 

[0002] The present invention relates to a system and 
method for avoiding damage to utility assets. 

BACKGROUND 

[0003] There are many assets above ground and beloW 
ground that need to be protected and avoided. Included in 
these assets are utility lines and components and protected 
areas, such as archeological sites and habitat of endangered 
species. There are millions of miles of utility lines around the 
World, some buried and some above ground. These utility 
lines include, Without limitation, electric poWer lines, tele 
phone lines, Water lines, seWer lines, ?ber-optic cable lines, 
natural gas transmission lines, natural gas distribution lines, 
and utility lines for transporting haZardous liquids. 
[0004] Every year incidents occur in Which mobile ground 
breaking equipment comes in contact With utility lines With 
costly results in loss of life and/or loss of money. In order to 
understand the full impact of such incidents, one Would have 
to also include environmental damage and economic loss as a 
result of a service disruption. 
[0005] There have been many attempts to address damage 
prevention When groundbreaking equipment is used around 
utilities and other assets that need protection. Examples of 
these attempts include marking the location of a utility by 
painted lines, making a record of the location of the utility 
lines as the line Was placed in the earth or generating data 
identifying the location of the utility using a ?xed object, such 
as the curbing of a road. In addition, some techniques record 
the location of a facility as the record to compare to the 
location of a piece of ground breaking equipment. The loca 
tion of a utility may be acquired by underground imaging, 
Which may be accomplished by the use of ground penetrating 
radar or other means. 

SUMMARY 

[0006] In some embodiments, the present invention is a 
method and system for protecting installed utility assets, such 
as electric poWer lines, telephone lines, Water lines, seWer 
lines, ?ber-optic cable lines, natural gas transmission lines, 
natural gas distribution lines, and utility lines for transporting 
haZardous liquids. The system and method include recording 
a location of an utility asset as the utility asset is being 
installed; displaying the location of the installed utility asset 
With imagery and mapping information on a display, in rela 
tion to a location of a ground breaking equipment; and auto 
matically guiding the ground breaking equipment to avoid 
damage to the installed utility asset. 
[0007] Automatically guiding the ground breaking equip 
ment may include receiving information from a GPS about 
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the location of the ground breaking equipment; comparing 
the received location information to a site data record stored 
in a data base; generating steering commands for ground 
breaking equipment responsive to the comparing; and utiliZ 
ing the steering commands to steer the ground breaking 
equipment to avoid damage to the installed utility asset. 
[0008] In some embodiments, the present invention is a 
method and system for protecting installed utility assets. The 
system and method include placing a GPS receiver on a 
ground breaking equipment; calculating the location of the 
utility asset being installed responsive to the location of the 
GPS receiver placed on the ground breaking equipment 
according to predetermined length or angle of components of 
the ground breaking equipment; recording the location of the 
utility asset; displaying the location of the installed utility 
asset With imagery and mapping information on a display, in 
relation to a location of the ground breaking equipment; and 
signaling a Warning signal When the ground breaking equip 
ment is closer than a predetermined distance to the installed 
utility asset. 
[0009] The system and method may further include placing 
a RFID on the utility asset being installed; reading a position 
of the RFID placed on the utility asset by a RFID reader; and 
recording the position of the RFID placed on the utility asset. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0010] FIGS. 1A, 1B, and 1C shoW examples ofthe utility 
system located on a ground breaking equipment, according to 
some embodiments of the present invention; 
[0011] FIGS. 2A, 2B, and 2C shoW examples of the utility 
system located on exemplary ground breaking equipment, 
according to some embodiments of the present invention; 
[0012] FIGS. 3A-3E shoW exemplary apparatuses and 
methods that provide precision locations of a utility asset, as 
it is being installed, according to some embodiments of the 
present invention; 
[0013] FIG. 4 is an exemplary utility designating unit, 
according to some embodiments of the present invention; 
[0014] FIG. 5 is an exemplary control unit that may be 
located on a ground breaking equipment, according to some 
embodiments of the present invention; 
[0015] FIG. 6 is an exemplary process How diagram, 
according to some embodiments of the present invention; 
[0016] FIG. 7 is an exemplary portable controller, accord 
ing to some embodiments of the present invention; 
[0017] FIG. 8 is an exemplary scrolling display, according 
to some embodiments of the present invention; 
[0018] FIG. 9 is an exemplary scrolling display including a 
pop-up display screen, according to some embodiments of the 
present invention; and 
[0019] FIG. 10 is an exemplary block diagram ofan exem 
plary digging navigation system, according to some embodi 
ments of the present invention. 

DETAILED DESCRIPTION 

[0020] In some embodiments, a utility location and damage 
prevention system of the present invention is used to locate, 
protect and avoid various assets that may be located above 
ground and/or beloW ground. Such assets include, for 
example, utility lines and components, protected areas such 
as archeological sites and habitat of endangered species, and 
areas including military-related objects such as a mine ?eld, 
an area With unexploded ordinance, etc. Utility lines include, 
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Without limitation, electric power lines, telephone lines, 
Water lines, seWer lines, ?ber-optic cable lines, communica 
tion cables, natural gas transmission lines, natural gas distri 
bution lines, and utility lines for transporting hazardous liq 
uids. For convenience, the term “asset” may be used herein to 
refer to any utility or other object that may be located, etc., 
using a system constructed or a method practiced in accor 
dance With the teachings herein. 
[0021] In some embodiments at least a portion of the utility 
location system is located on utility installation equipment 
that may be positioned at or near a location Where the asset is 
to be, is or has been installed. For example, the utility location 
system may be installed on equipment that lays or installs a 
utility (e.g., a pipe), before, during and after installation of the 
asset. In a typical embodiment a GPS receiver is located in a 
cab of the installation equipment. Sensors or other mecha 
nisms may then be employed to determine the relative posi 
tion betWeen the GPS receiver and an end of a boom or other 
member of the installation equipment that holds the utility as 
it is laid in the ground. In this Way, the location of the utility 
may be recorded as it is laid in the ground. Alternatively, a 
GPS antenna and associated components may be located at or 
near an end of the boom that holds the utility as it is laid in the 
ground. In this Way, the location of the utility may be more 
directly recorded as it is laid in the ground. 
[0022] As another example, the utility location system may 
be installed on equipment that creates a trench or tunnel for a 
utility (e.g., a pipe). Here, a GPS antenna and associated 
components may be located at or near an end of the equipment 
that creates the trench or tunnel. In this Way, the location of 
Where the pipe Will be installed may be recorded. 
[0023] These and other aspects of a utility location system 
Will be described in the context of a utility location and 
damage prevention system that may incorporate precision 
integration. It should be appreciated that the folloWing is but 
one example of an application of a system as taught herein. 
Accordingly, the teachings herein may be applicable to a 
variety of applications including applications other than those 
explicitly described here. 
[0024] In some embodiments a utility location system con 
structed in accordance With the teachings herein may include 
a data logger. The data logger may, for example, locate assets 
such as utility lines and components by measuring and 
recording the positional coordinates provided by a GPS sys 
tem. This coordinate data and other data may then be merged 
With a digital site data record (e.g., a grid, construction site, 
Work area, and the like) process (e. g., stored in a database or 
other data memory). 
[0025] The site data record may later be used by a damage 
prevention module to determine Whether there are any assets 
in the area that could potentially be damaged by, for example, 
a piece of equipment that may be operating in the area. As an 
example, a piece of equipment (e.g., a bulldoZer or a trencher) 
may be digging in an area that is close to a buried utility (e. g., 
a pipeline or cable). 
[0026] In some embodiments a utility location system may 
include a GPS antenna, a GPS receiver, a computer (including 
input and display components) and other components inte 
grated With asset installation equipment. Here, the GPS 
antenna and, optionally, other components may be co-located 
With the equipment. The GPS antenna receives GPS signals 
and routes them to a GPS receiver. The GPS receiver is 
con?gured to calculate the GPS coordinates of the antenna. 
The location of the equipment may thus be accurately deter 
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mined based on the location of the GPS antenna. The location 
of an asset may, in turn, be determined based on the location 
of the equipment used to install the asset. 

[0027] A utility location system may be incorporated into 
installation equipment such as excavation equipment to 
record the location Where an asset is to be installed. For 
example, a GPS receiver and antenna may be located in a cab 
of excavation equipment and a mechanism (e.g., sensors) 
provided to reference the location of the GPS receiver to the 
location of a component of the excavation equipment that 
creates a trench, a tunnel, etc., Within Which the asset is 
installed. In this Way, the location of the trench may be accu 
rately determined. 
[0028] In reference to a digging, excavation, installation, or 
ground-penetrating machine/equipment (collective referred 
to as ground breaking equipment), a Digging Tool typically 
refers to the object that disturbs the earth, soil or rock. The 
tool may be the teeth on a backhoe bucket, the teeth on a 
continuous trenching machine or the penetrating drill on a 
directional drilling apparatus, to name a feW examples. A 
Digging Tool is typically mounted on a controllable extension 
or arm called a Boom. Booms may be singular, as in one 
piece, or they may include several pieces that can move inde 
pendently of one another, as in an articulated boom typically 
found on a backhoe. A Boom vertical axis is the point from 
Which the boom moves in the horiZontal plane and a Boom 
lateral axis is a point from Which the boom moves in the 
vertical plane. 
[0029] FIGS. 1A, 1B, and 1C shoW examples of the utility 
system located on a ground breaking equipment, according to 
some embodiments of the present invention. In the embodi 
ment of FIG. 1A a GPS receiver and antenna 120 may be 
located in a cab of a trencher 106 and sensors 116 and 118 are 
provided to reference the location of the GPS receiver to the 
location of an end of a trench arm 104 that creates a trench TR 
for a utility. Similarly, as shoWn in the embodiment of FIG. 
1B, a GPS receiver and antenna 120 may be located in a cab 
of a backhoe 110 and sensors 116 and 118 are provided to 
reference the location of the GPS receiver to a bucket 108 that 
creates a trench TR for a utility. In the embodiment of FIG. 
1C, a GPS receiver and antenna 120 may be located in a cab 
of tunneling equipment 114 and one or more sensors (not 
shoWn) are provided to reference the location of the GPS 
receiver to a tunneling arm 112 that creates a tunnel TU for a 
utility. 
[0030] Alternatively, in FIG. 1A a GPS antenna (and, 
optionally, other components) 102 may be located at or near 
an end of an arm 104 of a trencher 106 that is used to create a 
trench TR for a utility. Similarly, as shoWn in FIG. 1B, the 
GPS antenna (and, optionally, other components) 102 may be 
located at or near a bucket 108 at the end of an arm 109 of a 

backhoe 110 that digs a trench TR. Also, as shoWn in FIG. 1C, 
the GPS antenna (and, optionally, other components) 102 
may be located on an arm 112 of tunneling equipment 114 
that creates a tunnel TU for a utility. It should be appreciated 
based on the teachings herein that the GPS antenna and other 
components may be installed on other types of equipment 
other than those speci?cally mentioned here. 
[0031] By locating the GPS antenna on the equipment, the 
location Where an asset it to be laid may be ascertained. For 
example, a precise location at or near the bottom of the result 
ing trench TR may be recorded by determining the location of 
the GPS antenna in FIGS. 1A and 1B. Similarly, a precise 
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location in a tunnel TU (e. g., the center of the tunnel) may be 
recorded by determining the location of the GPS antenna in 
FIG. 1C. 

[0032] Similar results may be obtained by locating the GPS 
antenna (and, optionally, other components) at a location With 
a knoWn or accurately determinable relative position With 
respect to Where the trench TR Will be made. For example, a 
GPS antenna (represented as element 102' in FIGS. 1A and 
1B) may be located on an arm of the trencher or backhoe. The 
location of bottom of the trench may then be calculated based 
on the relative position betWeen the location of the GPS 
antenna 102' and the location of the end of the trenching arm 
or location of the bucket. Here, one or more mechanisms may 

be provided for measuring the angle of the arm(s) of the 
trencher or backhoe. For example, arms and/or axis 116 and 
118 of an arm may include one or more sensors that determine 

a relative angle of the arm. Since the length of an arm and the 
position of components (e.g., the GPS antenna 102', the 
bucket 108, the end of trenching arm 104) on the arm(s) are 
knoWn, the difference in location (e.g., in X, Y and Z coordi 
nates) betWeen the components may be calculated based on 
the angle of the arm(s). 
[0033] FIGS. 2A, 2B, and 2C shoW examples of the utility 
system located on exemplary ground breaking equipment, 
according to some embodiments of the present invention. A 
GPS antenna also may be co-located on asset installation 
equipment such as, for example, pipe-laying equipment or 
cable-laying equipment as shoWn in the embodiments of 
FIGS. 2A, B and C. In this Way, the location of an asset as it 
is being installed may be accurately recorded. 
[0034] FIG. 2A illustrates one embodiment of pipe laying 
equipment incorporating a utility location system. In FIG. 2A 
several side booms 220A, B and C cooperate to install a long 
pipe 222 into a trench TR. It should be appreciated that 
depending on the needs of a given job a different number of 
side booms may be used to install a given pipe. Each side 
boom carries the pipe via a respective cradle (or sling) 224A, 
B or C attached to a respective cable 226A, B or C that is 
carried by a respective boom 228A, B or C. Each cradle 
includes rollers (e.g., rollers 230) that facilitate relative move 
ment betWeen the cradle and the pipe in a longitudinal direc 
tion. By moving the boom and cradle (e.g., by moving the 
cable) in the appropriate manner, the pipe may be lifted from 
a staging area just outside of the trench then loWered into the 
trench. For example, a ?rst side boom 220A may initially lift 
a ?rst sectionA of the pipe off of skids in the staging area. As 
the ?rst boom moves doWn the pipe in the direction indicated 
by the arroW to lift a second section B of the pipe, a second 
boom 220B may further lift the ?rst section of the pipe and 
move that section partially into the trench. As the ?rst boom 
moves further doWn the pipe to lift a third section C of the pipe 
and the second boom moves further doWn the pipe to further 
lift and move the second section, a third boom 220C may 
further lift the ?rst section and move the pipe further into the 
trench and, ultimately, to the bottom of the trench as illus 
trated in FIG. 2A. 

[0035] The side boom (e.g., side boom 220C) that installs 
the pipe at its ?nal position in the trench includes a utility 
location system that is used to track the location of the pipe as 
the pipe is laid. In some embodiments, a GPS receiver and 
antenna 232 is located in the cab of the side boom 220C. 
Accordingly, the precise location of the GPS receiver may be 
determined as the pipe section A is being laid. 
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[0036] In addition, a mechanism is provided for determin 
ing the relative position (e.g., in X, Y and Z coordinates) 
betWeen the GPS receiver and the installed pipe section (e. g., 
section A). For example, one or more sensors 234 may be 
provided for measuring the angle(s) of the boom. In addition, 
one or more sensors 236 may be provided for determining the 
length of cable extending from the top of the boom to the 
cradle. Since the length of the boom, the siZe of the cradle and 
the position of the GPS receiver are knoWn, the difference in 
location (e.g., in X, Y and Z coordinates) betWeen the GPS 
receiver and the cradle may be calculated based on the angle 
(s) of the boom and the length of the cable. Consequently, the 
precise location of the cradle (and hence the section of pipe 
being held by the cradle) may be determined When that sec 
tion of the pipe is installed in the trench. Alternatively, one or 
more sensors 238 may be incorporated into the cradle 
Wherein a mechanism is provided to determine the relative 
position betWeen a sensor 238 and the GPS receiver 232. 

[0037] In some embodiments other mechanisms may be 
employed to assist in determining the location or other 
attributes of an installed utility. For example, an imaging 
device may be installed on the utility installation equipment 
to provide a visual record of the installed utility. The imaging 
device may be installed, for example, at a location that pro 
vides a good vieW of the trench. In some embodiment an 
imaging device is installed on or near a component of the 
installation equipment that holds or otherWise places the util 
ity. In the example, of FIG. 2A, an imaging device 239 is 
located on the cradle 224C. A variety of imaging devices may 
be used to provide the desire visual record. For example, a 
camera, a laser scanner or a video recorder may be used to 
record still images and/or video. 
[0038] FIG. 2B illustrates one embodiment of cable laying 
equipment incorporating a utility location system. The cable 
laying equipment includes a ploW 240 that digs a trench TR 
and includes a mechanism (e.g., including an arm 248) for 
subsequently laying a cable 242 into the trench. Here, a GPS 
receiver 244 may be located in the cab of the ploW and a 
mechanism (e.g., sensors) 246 provided to reference the loca 
tion of the GPS receiver 244 to the location of the ploW 240 or 
to the location of the arm 248 that lays the cable 242 into the 
trench TR. 

[0039] Alternatively, the GPS antenna may be located at a 
location at or near a portion of the equipment that holds the 
asset as it is being installed to ascertain the location Where the 
asset is being or has been laid. In the example of FIG. 2C, the 
GPS antenna 102 may be located at or near an end of an arm 
204 of pipe-laying equipment 202. A clamping device (e.g., a 
pair of j aWs) 206 located on an end of the arm 204 holds a pipe 
208 that is being installed. Thus, since the relative positions of 
the GPS antenna 102 and the pipe 208 are knoWn or accu 
rately determinable, the precise location of the pipe 208 upon 
installation may be obtained by determining the position of 
the GPS antenna 102 at that time. 

[0040] Similar results may be obtained by locating the GPS 
antenna at a location With a knoWn relative position With 
respect to the Where the asset is held upon installation. For 
example, a GPS antenna (represented as element 102' in FIG. 
2C) may be located on an arm used to maneuver the jaWs 206 
that hold the pipe 208. The location of the pipe 208 upon 
installation may then be calculated based on the relative dif 
ference betWeen the location of the GPS antenna 102' and the 
location of the jaWs 206. Here, one or more mechanisms may 
be provided for measuring the angle of the arm(s) of the 
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pipe-laying equipment 202. For example, an arm and/or axis 
210 and 212 of an arm may include one or more sensors that 

determine the relative angle of the arm. Since the length of an 
arm and the position of components (e.g., the GPS antenna 
102', the jaWs 206) on the arm(s) are known, the difference in 
location (e.g., in X, Y and Z coordinates) betWeen the com 
ponents may be calculated based on the angle of the arm(s). 

[0041] In some embodiments, the GPS antenna may be 
located at or near an end of an arm of equipment that may 
access the asset after it has been installed. For example, the 
equipment may have a boom capable of accessing the 
installed asset. Here, the GPS antenna may be installed on the 
end of the boom or at some other location on the equipment 
such that the relative positions of the GPS antenna and the end 
of the boom may be accurately determined. In this Way, the 
location of the asset after it has been installed may be accu 
rately measured. 
[0042] Other components of the utility location system that 
are used in conjunction With the components described above 
may be located on or near the equipment upon Which the GPS 
antenna is installed. For example, one or more components 
120 (Which may be different than the receiver 120 discussed 
above) may be installed in a cab of the equipment. In this Way, 
an operator of the equipment may easily operate the system as 
needed. In addition or alternatively, personnel in the area may 
operate one or more portable components 122 of the system. 

[0043] Accordingly, depending on system requirements, 
the components of the system as described above may be 
distributed and con?gured to communicate With one another 
to achieve the desired system operation. For example, to 
minimize the amount of circuitry subjected to the harsh con 
ditions on, for example, a mechanical arm of the equipment, 
only a minimal amount of equipment may be located on the 
arm. In some embodiments, only the GPS antenna and asso 
ciated antenna components (e.g., an ampli?er and ?lter) may 
be located on the arm. In this case, the GPS receiver may be 
located in the cab and connected to the GPS antenna and 
associate components via cabling or another mechanism (not 
shoWn). An associated computer may thus be installed in the 
cab or external to the cab. The GPS receiver and computer 
may communicate With another via an appropriate commu 
nication medium. 

[0044] It should be appreciated that various combinations 
of distributed components may be used in implementing a 
location system as taught herein. For example, in some 
embodiments the GPS antenna and associated components 
may communicate With an integrated GPS receiver and com 
puter system that may be installed in the cab or located exter 
nal to the cab. In some embodiments the GPS receiver may be 
co-located or integral With the GPS antenna. 

[0045] It also should be appreciated that the distributed 
components may use one or more of a variety of communi 
cation media to communicate With one another. For example, 
the components may communicate via electrical, optical or 
RF signals. Accordingly, the component may include one or 
more Wire-based, optical or Wireless transmitters and/or 
receivers to facilitate such communication. 

[0046] The GPS location data collected for an asset as 
described herein, may be combined With other information 
relating to the asset. Such information may include, for 
example, information regarding characteristics of the utility 
such as the oWner of the utility, the type of utility (e. g., Water, 
line, electrical cable) and the date of installation, Such infor 
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mation also may describe attributes of the surrounding area 
and may be used in conjunction With a damage prevention 
system. 
[0047] The data location and damage prevention system 
may utiliZe real-time-imaging (“RTI”) to provide a real time 
visual location in the context of a project area map enhanced 
With photo imagery of the project area. During utility data 
gathering the data collector can see Where he is on the map, 
and verify the locations that he is taking against identi?able 
landmarks (e.g., as seen and as represented by the display). 
RTI may shoW, in real-time, data points that are collected and 
symbology and other meta-data attributes that may be asso 
ciated With collected data. Thus, as assets are located they 
may be displayed on a display device (e.g., of the computer) 
in conjunction With other attributes of the surrounding area 
(e.g., streets, landscape features, positional coordinates, etc.). 
[0048] Accordingly, an operator may use the system to 
collect oruse utility position data. For example, When a utility 
(e.g., a utility pipe to be buried underground) is initially laid 
in the ground, the GPS antenna assembly may be positioned 
near the utility as discussed above. A display device may thus 
display the equipment’s current location including, for 
example, the GPS position and nearby landmarks (e. g., build 
ings, roads, vegetation, etc.). The operator may then use the 
device to make an entry in a database as to the nature (e.g., 
attributes) of the utility. Through the GPS receiver system, the 
device may automatically record the GPS coordinates at that 
location. 
[0049] After the operator logs the utility data, the data may 
be sent (e.g., via a Wireless transceiver) to a central database. 
To this end, the system may include one or more transceivers 
to establish communication With a server associated With the 
database. Such transceivers may communicate, for example, 
via a personal, local or Wide area netWork (e.g., Bluetooth, 
cellular, satellite-based netWorks). Accordingly, the netWork 
may include appropriate access points for communicating 
With the system in the ?eld. 
[0050] It should be appreciated that various types of infor 
mation may be recorded and used in conjunction With the 
system. For example, an operator may record or retrieve 
imagery (e.g., video, pictures, graphics, etc.) and/ or audio 
(e.g., operator’s comments regarding data acquisition, utility 
location, etc.) in conjunction With the collection of location 
data. Here, imagery, audio and other information may be 
handled as data objects and synchronized With the central 
server in the same manner as transactional point data (e.g., 
utility location data). 
[0051] An operator may then use the system to see Where he 
is on the map and verify the locations of identi?ed utilities, 
etc., against his current position and identi?able landmarks. 
Here, the damage prevention module may incorporate visual 
and audio presentation of Warning signals to Warn the system 
operator (e.g., an equipment operator) about potential utility 
haZards during digging and earth-moving activities. 
[0052] In some embodiments the system presents a mov 
able map that is displayed to shoW the accurate position of the 
data logger or other data collection or data usage device (e. g., 
damage prevention module) and the operator (e.g., of the 
equipment) in relation to the site data record. For example, as 
an operator using the system moves around a project area 
(changes position) or turns (changes direction) the displayed 
image may change accordingly (e.g., keeping the operator in 
the middle of the displayed project area and orientating the 
project area so that it “faces” the same direction as the opera 
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tor). This may be done While simultaneously showing the 
location of utilities (e.g., via a visual representation) Within 
operator de?ned utility location buffer areas. Thus, utility 
information may be vieWable in reference to imagery of the 
related or project area, in real time, providing the current 
position of equipment or personnel relative to the location of 
utilities and may be vieWable as the person moves in any 
direction. 
[0053] Highly accurate information products and applica 
tions for ?eld use have been developed for utility asset man 
agement or utility damage prevention as described in US. 
patent application Ser. No. 11/185,579, ?led Jul. 19, 2005, the 
disclosure of Which is hereby incorporated by reference 
herein. Here, some embodiments produce an information 
product, called a Precision Integration (PI) Site Data Record 
(SDR) that is comprised of (above or beloW ground) utility 
location data combined With a GIS Landbase that includes 
satellite and/or other imagery and mapping information. 
[0054] In some embodiments the PI SDR advantageously 
provides the utility location data accurate to Within centime 
ters, Without using real-time kinetics (RTK), and Within mil 
limeter accuracy using RTK. Some embodiments also pro 
vide for the accurate recall of the information based on the 
generation of data using precision GPS technologies that 
provide absolute, as opposed to relative, position data. Here, 
the term precision GPS refers to a GPS system that may 
provide position information With accuracy as set forth herein 
for PI. Utility location information may be recalled any 
Where, anytime in the World With the above mentioned accu 
racy. 
[0055] Such a system may be used for all phases of under 
ground utility management, from initial planning and engi 
neering, through construction and life-cycle maintenance. 
Utility data may be accurately located and captured or col 
lected by a data logging application using precision GPS 
technologies. The resultant data, as a PI SDR, may be used in 
a damage prevention (damage avoidance) application by a 
damage prevention module Which Warns users of the proxim 
ity of above orbeloW ground utilities in order to avoid damage 
due to con?ict. 

[0056] In some embodiments an important component of 
the development of location data With the aforementioned 
accuracy and recall is Precision Integration (PI). In one aspect 
PI is a methodology and process and technology used to 
assure that data points at each step of the information product 
development are capturedusing precision GPS and integrated 
into the information product in a manner that produces data of 
the accuracy previously described. 
[0057] In some embodiments Precision Integration (PI) 
involves the use of an X, Y coordinate, and sometimes also a 
Z coordinate (e. g., altitude or depth), signal having a horiZon 
tal Qi, Y coordinate) accuracy Within Centimeters, Without 
RTK and millimeter accuracy With RTK and vertical (Z coor 
dinate) accuracy Within centimeters Without RTK. This accu 
racy may be provided in collecting utility location data and in 
creating a geographical information system (GIS) database, 
called a PI Landbase, that are combined in various steps of the 
system to provide a PI SDR that in combination substantially 
implements the PI process. Accordingly, collected utility 
location information may be accurate to Within centimeters 
Without RTK and Within millimeters When using RTK. As 
used herein, the term precision location may be de?ned as 
being Within centimeters Without RTK, and Within millime 
ters When using RTK. 
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[0058] Referring noW to FIGS. 3-6, one embodiment of a 
damage prevention system Will be discussed in more detail. 
The damage prevention system comprises of several func 
tional components, some of Which may be implemented 
Within a common structure. These functional components 
include an apparatus and method for collecting data, an appa 
ratus and method for manipulating the data to put it into a 
standardiZed form, and an apparatus and method for using the 
data in conjunction With equipment to prevent damage by the 
equipment or to minimiZe damage to the equipment. 
[0059] FIGS. 3A-3E shoW exemplary apparatuses and 
methods that provide precision locations of a utility asset, as 
it is being installed, according to some embodiments of the 
present invention. Precision asset location data may be cre 
ated by the apparatus and method of this invention. For 
example, FIG. 3A shoWs an exemplary apparatus and method 
that provides a precision location of the asset, such as a utility 
line, as it is being placed/ installed in the earth. A permanent 
record of this precision location is based on latitudinal and 
longitudinal coordinates that are stored for later use. A pre 
cision GPS receiver 310 provides the precise latitudinal and 
longitudinal coordinates for the asset position recorder 311 
While the utility line is being placed in the ground. 
[0060] Another approach for creating a permanent record 
of the precise location of assets, such as utility lines under 
ground, is shoWn in FIG. 3B. In this approach, transponders 
or RFID tags (RFIDs) are placed on the utility line as it is 
being placed in the ground. Thereafter, When the location of 
the utility line is to be recorded, a transponder-on-line or 
RFID reader 314 is moved along the ground to locate the 
transponders or RFIDs that are on the utility line. As the 
transponders or RFIDs are read, the position of the transpon 
ders or RFIDs, and therefore the utility line, is recorded by the 
use of an asset position recorder 315 and a precision GPS 
receiver 316 that is coupled to the recorder 315. The precision 
GPS receiver 316 may be the same receiver as the GPS 
receiver 310 of FIG. 3A. The output of the asset position 
recorder 315 may be an ASCII stream having ?elds for the 
latitudinal coordinates, the longitudinal coordinates and the 
identi?cation of the underground asset. The RFIDs placed on 
the utility assets may have storage capabilities to record and 
store other information, as described above. 
[0061] The tWo above-described apparatus and method for 
producing precision asset location data involve the recording 
of the location during construction While the asset is being 
placed underground or recording the output of transducers 
that have been placed on the asset, such as the utility line. 
Many areas do not have any information as to the location of 
assets such as utility lines that are underground in the area. An 
effective Way of determining the location of such assets and 
permanently recording the location for later use is the exem 
plary apparatus that is shoWn in FIG. 3C. 
[0062] This apparatus includes a radar/ sonar asset position 
reader and recorder 318 coupled to and controlled by a pre 
cision GPS receiver 319. This GPS receiver 319 may be the 
same as the GPS receiver 310 of FIG. 3A. Reader and 
recorder 318 includes an antenna array for transmitting radar 
and sonar signals into the ground and recording the return 
signals for locating any assets, such as utility lines, that are 
underground. This apparatus and methodprovides a measure 
ment and record of the depth of the utility as Well as the 
longitudinal and latitudinal coordinates of the location of the 
utility. Further, the reader and the recorder 318 determines 
and records the siZe and material of the pipe or conduit of the 
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utility, such as gas pipes, communication lines, Water lines 
and so forth. The output of the reader and recorder 318 may be 
an ASCII stream With ?elds for the longitudinal coordinate, 
latitudinal coordinate and identi?cation of the asset or utility 
that is underground at the precise location. 

[0063] There are various devices for locating utilities and 
recording the location of these utilities such as radar/sonar 
readers and ground penetrating radar readers. However, the 
records created by these readers may have the location of the 
underground asset or facility as much as several feet aWay 
from the actual location. For example, geological conditions 
may have an adverse effect on the ability to detect infrastruc 
ture in an area. Clay, river rock and other materials are factors 
in many parts of the World that make underground imaging 
less effective or relatively ineffective. If the soil conditions 
are not conducive for radar, accurate detection lines may be 
relatively undetectable or not very reliable. Thus, if this infor 
mation is to be used in a precision damage control system, it 
is necessary to determine the extent of error and correct for 
this error When the data is employed. 

[0064] An exemplary apparatus for employing the records 
of earlier readers and recorders 321 is shoWn in FIG. 3D. The 
output of the reader and recorder 321 passes through an error 
detector Which develops an error correction signal that is 
coupled to the data and is used in correcting the location of the 
asset When the data is employed in a damage control system. 
Further, there are some existing asset position records that 
have been created When the utility or asset has been placed in 
the ground. These records also may not be accurate in the 
location of the asset. Consequently, the difference betWeen 
recorded location and actual location may be determined as 
shoWn in FIG. 3E. An error detector 324 is coupled to the 
output of existing asset position records medium 323 for 
developing an error correction signal to be coupled to the data 
for use by a damage control system. 

[0065] FIG. 4 is an exemplary utility designating unit, 
according to some embodiments of the present invention. The 
asset location data at the output of the apparatus of FIGS. 
3A-3E may be coupled as the input to a utility designating 
unit 440 shoWn in FIG. 4. The utility designating unit 440 may 
be located in the ?eld and employed at the same time as the 
precision asset location data is being read and recorded by the 
various apparatuses 311, 314, and 318 shoWn in FIGS. 3A, 3B 
and 3C. The precision asset location data that is in the form of 
ASCII codes in designated ?elds has ASCII ?elds added in 
unit 440 to identify the type of utility employing symbology 
information from a library. A layer de?nition ?eld is also 
added based on the type of utility that has been identi?ed. For 
example, a gas pipeline is a very dangerous utility to cut into 
in the ?eld While digging in the ?eld. Consequently, gas lines 
are identi?ed at a higher level than other utilities and have a 
greater buffer Zone around the line to prevent the accidental 
hitting of the line in the ?eld. The output of the utility desig 
nating unit 440 is coupled to a converter 441 that converts the 
data stream into a GIS format. 

[0066] The GIS format is selected on the basis of the sub 
sequent use of the data by a damage control unit. In addition 
to the information concerning the asset or utility, it is often 
times desirable to have the infrastructure, such as road, 
fences, Waterways, and so forth, that are in the area mapped 
on a display that is being used for displaying the location of 
the assets. A location of the infrastructure in the GIS data 
should be as precise as the location of the utilities from the 
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precise asset location data. The ?le of such data is contained 
in the memory 442 shoWn in FIG. 4. 
[0067] The utility designating unit 440 may also have input 
from the readers and recorders 321 and 323 of FIGS. 3D and 
3E. In this case, the asset location data Will also include the 
error compensation signal at the output of error detectors 322 
and 324. This error signal is used by the utility designating 
unit 440 to provide an additional buffer or area around the 
utility based on the degree of error that is shoWn by the error 
correction signal. 
[0068] There may be, for example, tWo types of equipment 
that use the data that is provided by the utility designating unit 
440 and converter 441 at a Work area Where the location of 
assets, need to be known to prevent damage to the asset and/or 
the equipment at the Work area. One type of equipment is used 
in breaking ground near above-ground as sets and near under 
ground assets. Another type of equipment that may use the 
data is emergency equipment, such as ?re ?ghting equipment, 
Where it is useful to knoW the location of the various utilities, 
such as poWer lines and gas lines. The use of the data Will be 
described in connection With digging equipment at a site. 
[0069] FIG. 5 is an exemplary control unit that may be 
located on a ground breaking equipment, according to some 
embodiments of the present invention. The asset location data 
in the form of a facility ?le at the output of the converter 441 
may be provided to a control unit 550 that is positioned on the 
digging equipment (not shoWn) at the project site. The control 
unit or controller 550 may be a computer that includes storage 
media, an input modem for a GPS location device and admin 
istrative modules. 

[0070] The facility ?le may be provided by a direct cou 
pling betWeen the converter 441 and the controller 550 on the 
digging equipment. In this case the asset location data is 
provided to the utility designating unit 440 on the digging 
equipment by a memory device or by an Internet coupling or 
line coupling to a location Where the asset location data is 
stored. Alternatively to the direct coupling, the facility ?le 
data may be provided on a memory medium to the controller 
550 or may be transmitted to the controller 550 by Way of the 
internet, Wireless communication, or direct coupling by line 
to a facility Where the facility ?le is stored for the particular 
project site. The controller 550 may include a facility ?le 
memory 551 and a GIS ?le memory 552. The controller 550 
further includes a microprocessor and memory 553 that 
includes softWare for performing a unique ?ltration process 
that identi?es the utilities and/or protected areas that are 
Within the selected range of the equipment at the project site. 
The equipment (digger) is represented by an input modem 
554 that provides the OPS location of the equipment at the 
project site. The OPS location of the equipment is determined 
by a precision GPS receiver 560 that provides its input to the 
controller 550 through the modem or GPS equipment loca 
tion block 554. 

[0071] An administration module 555 is provided in the 
controller 550 so that the user of the controller 550 may input 
control signals for the digger at the particular project site. 
These control signals include critical distances betWeen iden 
ti?ed utilities and the digging equipment for displaying 
alarms and for also causing audible alarms. The administra 
tion module 555 also requires a passWord to be entered for the 
user to log into the controller 550 for use at the project 
location. The user also inputs to the administration module 
555 parameters such as the siZe and reach of the digging 
equipment and the scale for the display on the display 561. 
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Numerous other parameters may be input to the administra 
tion module by the user at the project site. The apparatus at the 
project site also includes an audible alarm 562 Which may be 
internal of the controller 550 or external of the controller 550 
as shoWn in FIG. 5. 

[0072] The microprocessor 553 of the controller 550 scans 
the data in the facility ?le 551 and displays all utilities Within 
a selected range of the digging equipment. The selected range 
may be 100 feet or 1000 feet, for example. The controller 550 
prevents the accidental hitting or damage to assets, such as 
gas pipelines, by the digging equipment by a unique ?ltration 
process. 
[0073] FIG. 6 is an exemplary process How diagram, 
according to some embodiments of the present invention. In 
block 601 the softWare for ?ltration, Which is part of the 
microprocessor 553, retrieves stored positional coordinates 
of assets and incoming GPS positional coordinates of the 
digging equipment. In block 602, the ?ltration process com 
pares the positional coordinates; that is, performs a cross data 
query in real time betWeen the positional coordinates of the 
assets and the incoming GPS positional coordinates of the 
digging equipment. Block 603 of the ?ltration process 
includes the calculation of the distance of the assets from the 
equipment by the positional coordinate differences and iden 
ti?es those Within selected Zones. For example, the selected 
Zones may be 10 ft., 20 ft. or 30 ft. from the digging equip 
ment. In block 604, the softWare retrieves and scans the linear 
segments of each asset’s data stream of the asset Within the 
selected Zone to produce target ?ltration records (TFR). In 
block 605, the softWare separates the target ?ltration record 
segments and orders them numerically by a calculated target 
distance value While continuously checking against the real 
time GPS positional coordinates. In block 606 of the process 
the softWare identi?es the present nearest target record (N TR) 
and isolates this record from the other TFRs. In block 607, the 
softWare locks onto the linear record of the present nearest 
target record and notes the distance of this asset from the 
digging equipment. 
[0074] Inblock 608, the softWare displays the nearest target 
record asset’s position relative to the position of the digging 
equipment on the display 561. While the nearest target record 
asset is being displayed on the display 561, the buffer distance 
for the identi?ed asset is used. In block 609, the process 
retrieves the positional coordinates and the buffer Zone of the 
asset that has been identi?ed as the nearest target record. 

[0075] In block 610, the Warning Zone for the particular 
asset is retrieved and is an input as part ofblock 611. In block 
611, the distance of the asset that has been identi?ed With the 
nearest target record (including the assets buffer Zone) from 
the digging equipment is determined and compared to Wam 
ing Zones. 
[0076] As discussed herein, the system may adjust the NTR 
Warning process to take into account movement of the equip 
ment and the time it takes to calculate a distance to an NTR. 
For example, the system could measure the amount of time it 
takes to perform the processes ofblocks 601-610, or a portion 
thereof. Alternatively, this amount of time may be obtained in 
advance based on, for example, tests, simulations, estimates, 
etc. 

[0077] The system also could measure the speed and/or 
direction of the vehicle at any time during this process. For 
example, the speed and direction may be measured at one or 
more points in time that coincide With blocks 601-610 or at 
some other time during the process. 
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[0078] In block 612, Warning signals and colors are gener 
ated. In block 613, the Warning signal and color are coupled to 
the display 561 (as represented by lines 615) and to the 
audible alarm 562. In one embodiment the asset on the dis 
play is displayed With a ?ashing yelloW to indicate that the 
asset is Within the designated range for caution. As the relative 
distance betWeen the asset and digging equipment decreases, 
the display changes to orange to inform the user that it is in the 
Warning Zone. As the distance reaches a critical point of 
danger, the location of the asset is indicated in a ?ashing red 
and the audible alarm signal in block 614 is created and the 
alarm is sounded in the audible alarm 562. For critical assets 
such as high pressure gas lines, When the relative distance 
betWeen the asset and the digging equipment reaches the 
danger Zone, and depending upon the system settings, the 
digging equipment may be automatically disabled so that no 
further digging may take place and there Will be no damage to 
the asset and also to the equipment and equipment operator. 
[0079] Referring noW to FIGS. 7-9, a system and method of 
dynamically tracking a location of one or more selected utili 
ties as a movement occurs Within a municipal service area 

Will noW be described. 

[0080] FIG. 7 is an exemplary portable controller, accord 
ing to some embodiments of the present invention. As shoWn 
in FIG. 7, a portable controller, generally indicated by refer 
ence numeral 710 includes a memory 712 and a global posi 
tioning system (GPS) co-ordinate device 714. A scrolling 
display 716 is also coupled to controller 710. A series of GPS 
co-ordinates 718 for one or more selected utilities 720 Within 
an assigned service area of a municipality are stored in 
memory 712, as shoWn in FIG. 8. A GPS co-ordinate device 
714 is utiliZed to dynamically provide GPS co-ordinates 718 
to controller 710 as positioning of GPS co-ordinate device 
714 changes location. 
[0081] FIG. 8 is an exemplary scrolling display, according 
to some embodiments of the present invention. As shoWn, a 
scrolling display 716 is used to display GPS co-ordinates of 
GPS co-ordinate device 714 on a display 722 of global posi 
tioning system co-ordinates, together With a series of GPS 
co-ordinates 718 for one or more of selected utilities 720, 
such that the relative position of GPS co-ordinate device 714 
to one or more selected utilities 718 is alWays known. 

[0082] As shoWn in FIG. 8, scrolling display 716 has a 
graphic indicator 724, Which indicates a direction of travel for 
GPS co-ordinate device 714. A numeric indicator 726, Which 
indicates the distance in the direction of travel before GPS 
co-ordinate device 714 encounters the closest of selected 
utilities 720 is also displayed. A graphic indicator 728 depicts 
a target, Which graphically indicates the positioning of satel 
lites available to GPS co-ordinate device 714. 
[0083] Also as shoWn in FIG. 8, scrolling display 716 has a 
numeric indicator 730, Which indicates longitude, and a 
numeric indicator 732, Which indicates latitude. The display 
also has a graphic indicator 734, Which indicates speed of 
travel of GPS co-ordinate device 714. For example, When a 
creW (e.g., construction, excavation or emergency creW) is on 
foot the speed Will be negligible. HoWever, When the creW is 
traveling in a vehicle, the speed of the vehicle Will be indi 
cated. As shoWn, the scrolling display 716 places GPS co 
ordinates 718 in the context of a geographical map 736 With 
road infrastructure 738. In some embodiment the geographi 
cal map 736 may be in the form of an aerial photo. 
[0084] FIG. 9 is an exemplary scrolling display including a 
pop-up display screen, according to some embodiments of the 












