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EXECUTIVE SUMMARY 

Considering the several millions of dollars of funds allocated by the Florida Department of 
Transportation (FDOT) every year for roadway and bridge construction every year, it would be 
beneficial to utilize modern technologies to enhance the construction inspection program, 
particularly for measuring quantities of constructed pay items. This study investigated the 
application of modern technologies such as the Global Positioning Systems (GPS), the 
Geographic Information System (GIS), and CADD-Data Integration, specifically using the 
Bentley’s Construction Inspector program and also creating interface between inspectors’ tolls 
and the AASHTO’s SiteManager. A pilot roadway construction project was utilized to 
demonstrate some of the methodologies developed during the study. An extensive literature 
review indicated that the limited direct application of GPS/GIS in construction inspection for 
measuring quantities; commercial GPS programs exist for construction stakeout but they are 
very expensive. A short analysis of the FDOT ‘s several contract administration documents and 
procedure, including the list of standard pay items, revealed the potential benefits of applying 
GPS for construction inspection. It was observed that the GPS could be used to locate and 
measure over 90% of the FDOT’s approximately 4,500 pay items (English Units). For the pilot 
project also, over 90% pay items can be measured using the GPS.  
 
The GIS environment was used as a medium to display the planned work, using the original 
engineering drawing. Subsequent inspections are then transferred to the GIS to display the 
progress of work in a spatial manner. In other words, new work done by date can be displayed or 
queried in the GIS. This study evaluated the use of three types of GPS receivers: a low cost or 
recreational GPS ($150 - $400 price range); mapping grade GPS ($3000 - $4000 price range); 
and the Real Time Kinematic (RTK) GPS receivers (typically more than $45,000 plus 
subscription costs). In addition to cost, two other criteria were evaluated: spatial modeling of the 
inspected pay item; and the accuracy of quantity estimated from the spatial data captured. The 
first criterion is related to being able to display the inspected work relative to the original 
engineering plan. The estimated quantities are simply based on the geometry of the constructed 
pay item, i.e. length, area, or volume. 
 
Using both the commercial ESRI’s ArcGIS software and customized computer programs, 
methodologies were developed utilizing the CAD-GIS Interoperability to import original CAD 
documents into the GIS environment as a reference layer. Procedures were established for 
collection of GPS data for construction inspection, including the development of customized 
entry forms, unique for each pay item; differential GPS correction method; and GPS data transfer 
for analysis, display, and quantity computation. Customized computer program were developed 
for display and computation of inspected pay items. The evaluation of the GPS/GIS tools on the 
pilot project indicated that based on the limited (few) pay items, the GPS-measured quantities 
during inspection took only 5 to 8 minutes to conduct while the manual inspection by the 
inspector took 40 to 90 minutes for the same set of pay items. The latter includes time taken to 
locate the pay item’s exact stationing on the plans, on site, to walk and measure on site, and do 
office computations and reporting. Also, the GPS-calculated quantities were less than 3% 
different from the inspector’s quantities obtained using the traditional methods. The benefits are 
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very obvious in terms of the time efficiency. It should be noted that survey requirements of a 
project establish some features that would enhance the applications of GPS on the project, 
including use of the control points as base stations for differential GPS corrections, and also the 
use of survey-grade GPS receivers for developing final as-built CAD documents for the project. 
 
The interface between the GPS/GIS tools and AASHTO’s Sitemanager was developed and 
successfully demonstrated. A link was established between the GPS/GIS tools using the Contract 
ID, Data, and Pay Item Number fields, before populating the quantity field of the Sitemanager’s 
Daily Work Report (DWR) Module. The Bentley’s Construction Inspector program was also 
demonstrated on the pilot project, including the use of an RTK GPS receiver system, with the 
real-time CAD display and pertinent data of the inspected pay item and automatic computation 
of the quantities; the asphalt tack coat inspection was demonstrated, with deliverables including 
various Microsoft VB.Net application extension programs (dlls), along with the development of 
a daily work report of construction, 
 
It was observed during the study that the current project development procedures at FDOT 
would enhance the application of modern technologies as demonstrated in this study, particularly 
the following attributes: GIS-ready drawings generated from the Microstation; use of the project 
survey control points as base stations for differential GPS corrections; and the availability of the 
GEOPAK’s Quantity Manager.  
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User Manual for GPS/GIS Construction Inspection Tools 

Based on the completed FDOT study on the use of GPS/GIS methodology for quantity inspection during 
highway construction, the following sections are presented as a brief user manual for the inspector in the 
field. The basic steps are described using a mapping grade GPS receiver. The initial activity involves 
gathering the relevant contract documents: Microstation drawings, specifications, etc. The drawings are 
converted into GIS basemaps. The GPS receiver is configured to the project’s local coordinate system and 
custom forms are developed for the project’s specific pay items to be monitored on the construction site. 
Periodic inspections are carried out as required using the GPS receiver. GPS data are downloaded into an 
archival database, displayed (spatially) on the GIS maps and/or transferred to the AASHTO SiteManager.  
 
Step 1. CAD/GIS Map Conversion 
The original CAD data can be used directly or converted into an accepted format of GIS basemap in 
various shapefiles. As shown in Figure 1, the original CAD data in Microstation comes with an already-
established referenced coordinate system. Figure 2 shows an ESRI shapefile converted from a CAD data 
(same project area as the Figure 1), with the orientation on the shapefile now in the North-south direction. 

Figure 1. Microstation CAD Data with Established Coordinate System 
 

Figure 2.  Microstation CAD Data Converted to ESRI Shapefile 
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In addition to direct conversion from CAD to ESRI shapefiles in the ArcGIS environment, a custom 
computer program is also available to view shapefiles or the original design drawings (Figure 3).   
 

 
Figure 3. Spatial Data of Inspected Pay Items on Custom Computer Program  
 
Step 2. GPS Data Collection 
The mapping grade GPS receiver used for illustration here is Trimble’s GeoXT with the TerraSync data 
collection software, and Pathfinder Office Software for data processing. The data collection comprises 
two stages: office preparation and field data collection. 
 
2.1 Office Preparation 
The first task is to use the Trimble Pathfinder Office to create a project, including a data dictionary. The 
latter is a data entry form that is established and pulled up on the construction site when GPS readings are 
being taken. While the GPS receiver is recording the position data, the dictionary forms elicit and stores 
predefined attributes desired for the feature being inspected. Figures 3 and 4 show sample forms created 
for collecting various features.  Based on geometry, GPS position data are recorded for three types of 
features– point, linear, or area feature. For construction inspection, point features represent pay items 
where only one (X, Y) coordinate is enough to locate the constructed item, e.g., traffic signal poles, signs, 
etc., typically with measuring units of EA or each. Linear items will include pay items such as curb and 
gutter, traffic stripes, drainage pipes, etc., while pay items based on area will include asphalt concrete 
work, concrete sidewalk, landscaping, etc. Combination of X, Y coordinates are required for linear and 
area items, with the latter requiring a closure of the points. The pay items measured by volume will be 
computed based on a combination of the area measure and the depth obtained from the GPS elevation 
readings.  
 
Also the GPS receiver has to be checked and set up in terms of the error levels permitted (filter criteria) in 
the field, the data correction methods, the coordinate system of the proposed data, etc. The battery level of 
the GPS receiver should be fully charged. At this stage, an existing GIS layer such as the pertinent project 
drawing or aerial image can be uploaded into the receiver, for viewing as background during data 
collection in the field. 
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 a. Top of Pay Item Listing   b. Bottom of Pay Item Listing 
Figure 4. Predefined Inspection Forms on GPS Receiver Listing Pay Items 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

a. Pay Item No. 102-61 Business Signs b. Pay Item No. 285-715 Base Optional 
Figure 5. Predefined Inspection Forms on GPS Receiver for Specific Pay Items 
 
2. 2. Field Data Collection  
Once out in the field, it is necessary to have the GPS receiver at a location with a clear view of the sky. 
Depending on the sophistication of the receivers, blocking or weakening of the GPS satellite signals may 
be caused by tall buildings, heavy tree cover, very large vehicles, or powerful electromagnetic fields. First 
check the GPS to see the satellites being tracked by the receiver, and those identified as being used to 
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calculate the position.  On the Terrasync’s Skyplot screen, the satellites’ geometry is shown as well as the 
computed position coordinates, including each satellite’s elevation above the horizon, and the Position 
Dilution of Precision (PDOP) value. A minimum of four satellites is needed to compute 3D GPS 
positions, as well as a good geometry (relative location) of the satellites.  
 
The quality of the GPS data can be described in terms of two compromising factors: productivity and 
precision. The productivity means collecting data fast, with less accuracy while precision implies 
collected very accurate data but setting GPS to wait for more time to ensure appropriate satellite signal 
and configuration. A low PDOP value implies wide separation between the satellites in view, which 
translates to better position information. The default PDOP is 6 on the Trimble receiver but it can set 
using a slider control. The low PDOP set means fewer but more precise location positions. In construction 
inspection, the particular pay item will suggest level of precision or productivity to use. For example, 
recording positions of signs, poles, etc, may not require precision but sidewalk dimensions, volume 
measures of excavation, and length of curb and gutter, may require less productivity but more precision. 
But again, if the spatial location of the pay item is important, i.e., when plotted on the original drawing, 
then precision should be a priority. The Signal to Noise Ratio (SNR) is a measure of the satellite signal, 
its value can be set to a minimum; for the Trimble receiver, and the default is 4., i.e., below this value, the 
receiver will not use that particular satellite to calculate position. The minimum elevation, with default of 
15 degrees in the Trimble receiver, also indicates the quality of satellite signal; satellites with low 
elevation from the horizon can indicate poor quality of data transmitted.  
 
The GPS data is recorded for point features by collecting and averaging positions as you remain at the 
point. For linear features, GPS positions are recorded at various points on the line as you move with the 
receiver. It is advised that you remain stationary at pertinent points, such as vertices, to ensure accurate 
capture of the point. The GPS positions for area features are collected in a similar fashion to the linear 
features, and the points are connected to from the area boundary, with the last point connected to the first 
point. 
 
By default, the GPS receiver will use latitude – longitude measure (along earth spherical surface) to 
record the positions in degrees, minutes, and seconds. The coordinate system should be set on the GPS 
receiver to the appropriate projection; a projection means “flattening” the earth spherical surface such that 
the (X, Y, Z) coordinates can be measured and used for arithmetic computations. There are various 
projection systems for different areas of the earth. The common projected coordinate systems in Florida 
are the UTM (statewide) and the State Plane systems (regional). A review of the project plans will show 
the appropriate coordinate system, as indicated on the survey work done for the project. Even the 
electronic CAD file should indicate the projected coordinate system. This is very important for the 
transfer of the recorded GPS positions to the original project plans.  
 
The GPS position recorded is subject to various errors, thereby lowering the accuracy. The major types of 
GPS errors include orbit errors, effect of earth atmosphere, and difference in timing in the satellites and 
the receivers. A suitable way of removing these errors is the differential correction method, leading to the 
term Differential GPS or DGPS. For the DGPS, the data collected simultaneously by a GPS receiver at a 
known location (known X, Y, Z values) or base, can be used to correct the data collected by a GPS 
receiver or rover, at another location, with the father the distance between the points, the lesser the 
correction efficiency. The DGPS correction can be done real-time, as the data is collected, or done in a 
post-processing manner, after the data is downloaded. To implement the differential correction, the base 
is typically located among various reference stations available to the public in the United States, including 
the FDOT Reference Stations, the Continuously Operating Reference Stations (CORS) and several other 
community reference stations. For highway construction projects, the survey efforts will produce a survey 
control network, consisting of several points with the known (X, Y, Z) coordinates; these points will serve 
as excellent base stations. The survey control network for a sample project is shown in Figures 6 and 7. 
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 Figure 6. Project Network Control Locations as Shown on Engineering Plans (HBLC1 And HBLC3 Identified) 
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 Figure 7. Project Network Control Data as Shown on Engineering Plans 
  



Step 3. GPS Data Processing and SiteManager Interface 
The collected GPS data, including some estimated quantities, can be differentially corrected and download 
into a desktop or laptop computer through a single-step batch process in the GeoXT and Pathfinder software 
(Figure 8). Alternatively, the receiver can collect the pertinent geometry points, and the quantities 
calculated in the Custom Computer Program. The data are stored in Microsoft Access tables and called into 
the computer programs, where some analyses are done, including calculation of the quantities. The project’s 
local coordinate system is also important as shown in Figure 9.  
 
Figure 8. Trimble-Enabled GPS Correction and Data Download (Single-Step Data Processing) 

 
Figure 9. Data Download at Project’s Local Projected Coordinate System 
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Also an interface can be made between the GPS/GIS computer programs and the AASHTO’s SiteManager. 
As shown in Figures 10 and 11, the primary fields are the Contract ID, Date of inspection, and the Pay item 
number. These three attributes are utilized from the GPS/GIS tools to link the SiteManager’s Daily Work 
Report (DWR) module. Once contact is made, then the quantity filed of the DWR is populated with the data 
(calculated quantity) sent from the GPS/GIS tools program.  

 
 
Figure 10. Trimble-Enabled GPS – SiteManager Interface Data Flow 

 
Figure 11. Interaction Between the GPS/GIS Tools and the AASHTO SiteManager Program 
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Request for Data
Customized 

VB Programs 
* Process  and Display GPS Data 
* Calculate Pay Item’s Quantity
* Browse/Update Quantity Data

Customized Interface Templates in 
AASHTO SiteManager ®

Daily Work Report (DWR) 

Database

* Historical Data
* Archived GPS Data
* Pay Item’s Quantity Data
* Inspection Attribute Data

Daily Work Report
Contract ID?
Inspector ID?
Pay Item No?

Date?
Quantity?

SitePad Interface?
Customized Interface?

Client/Server ?

Contract ID

Item Code 
(Pay Item No.)

Placed Qty 
(Estimated Qty)

Date

GPS/GIS Tools

AASHTO SiteManager’s Daily Work Report Screen



Final Report  xix 
 

  
 

 

Step 4. Project Query and Analyses 
Using both the ESRI’s ArcGIS and the Custom Computer Program, some basic queries and analyses can be 
performed on the collected data. As illustrated in Figures 12 and 13, inspected GPS data can be displayed 
on the original drawings to see extent of work done so far. Though the Trimble GeoXT will compute the 
quantities for linear and area features, the inspected quantities can also be estimated from the raw GPS 
readings. Historical project data can be stored and queried as shown in Figures  
 

 
Figure 12. ArcGIS: Spatial Data of Inspected Pay Items Relative to the Original Drawing Locations 
 

 
Figure 13. Custom Program: Spatial Data of Inspected Pay Items) Relative to the Original Drawing 
Locations 
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Figure 14. Custom Programs for Review of Project Historical Data for Pay Item’s Quantity Including Site 
Photographs 
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1.  Research Background and Project Kickoff 

Periodic inspection of constructed facilities during the construction process, constitute a vital 
component of the project management, particularly, the quantity measure for estimating 
contractor’s payment. With the current rapid development and availability of advanced 
technologies, the highway construction process was studied for the feasibility of improvement 
using these modern technologies, specifically, the Global Positioning Systems (GPS), 
Geographic Information Systems (GIS), and Computer Aided Design (CAD)-Data integration.  
This section of the report presents the current status of the pertinent knowledge both in terms of a 
literature review, research activities, and industry practice in the construction inspection using 
GPS/GIS and electronic entry software. 
 
1.1 Introduction and Research Objectives 
 
The Florida Department of Transportation (FDOT) allocates funding for and supervises several 
millions dollars of roadway and bridge construction every year. The inspection procedure is 
currently based on traditional methods where tests are conducted and the quantities are taken, to 
enable progress payment to the contractor. Most of the current methods are manual. It will be 
beneficial for the FDOT to utilize modern technologies such as GPS and the GIS, to enhance its 
inspection program on ongoing roadway and bridge construction projects, as well as project 
analysis during construction. 
 

The FDOT generates its engineering drawings, typically using Bentley’s MicroStation® and 
GEOPAK® software programs. The graphical output of these programs can now be easily 
converted into GIS basemaps, with the appropriate establishment of geographical coordinates.  
Many roadway construction work items can be modeled as spatial data (x, y, z coordinates), which 
can be collected using GPS receivers in the field, and mapped in a GIS environment into the 
basemap. The updated GIS basemap can then be analyzed to obtain quantities and costs of pay 
items, as well as enabling a comparison of the GPS field data with the  original construction plans. 
Areas, lengths or number counts and correct positioning can be checked for installed pipes, 
pavement stripping, reflective markers, manholes, etc. Bridge construction could also be monitored 
through collection of appropriate spatial data to capture position data and information on deck area, 
slab thickness, pile length, etc. With the current availability and affordability of submeter and 
subcentimeter accuracy in GPS receivers, coupled with the current effort by the FDOT Mapping 
Office towards GPS enhancement, the application of the tools proposed for the study will be very 
beneficial to FDOT.  
 
FDOT is also interested in computerizing its construction inspection process through use of 
portable computer handheld devices for Computer-Aided-Drawing (CAD)-Data integration.  
These devices would allow users to do the following: graphically compose a selection set of 
elements for inspection; input inspection results for each, linear and area pay item instances; 
review inspection history by graphically selecting elements; perform specialized inspection 
activities using customized forms; and review customized inspection reports. 
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The FDOT currently uses an AASHTO Software SiteManager®, for progress monitoring on 
their construction projects. This study will review the operations of the SiteManager®, in order 
to develop an interface between the proposed GPS/GIS tools and the SiteManager®. 
 
The objective of the research is therefore to develop some tools, based on modern technologies that 
can be used by the FDOT for inspection of ongoing roadway and bridge construction projects. 
Specifically, three goals of the research are described as follows: 

1. Use GPS and GIS to capture spatial data on the construction site, generating an attribute 
database to capture the inspection results.  An as-built documentation of the construction 
project can also be effectively and accurately accomplished using the proposed tools. 

2. Conduct a pilot study using the Bentley Construction Inspector software to perform 
certain specialty inspections such as bituminous materials, concrete placement and pile 
driving information. The Bentley Construction Inspector automates data gathering, 
engineering calculations and input into electronic databases for subsequent review and 
reporting.   

3. Develop an interface program for exchange of data between the inspection tools and 
the AASHTO’s Sitemanager computer program. 

 
 
 
1.2. Literature Review 
 
First, a brief overview is presented on the technologies employed on this research, i.e. the GPS, 
GIS and CAD-Data Integration (using the Bentley Construction Inspector).  Then the pertinent 
applications as found documented through literature review, are discussed, for the construction 
inspection process. In the presentation of the methodology utilized on this research, shown in 
other sections of the report, more details are further discussed on some of the technologies. 
 
1.2.1 The Global Positioning System (GPS) 
The Global Positioning System (GPS) is a navigation system based on 24 operational 
NAVSTAR (NAVigation Satellite Timing and Ranging) satellites orbiting the earth every 12 
hours at an altitude of about 20200 kilometers or 12600 nautical miles and operated by the 
United States Department of Defense (USDoD) providing all-weather worldwide 24-hour 
position and time information.  Basically there are three segments to GPS: space segment 
consisting of the 24 satellites with each satellite containing several high-precisioned atomic 
clocks and constantly transmitting radio signals; control segment involving the USDoD’s four 
ground-based monitor stations three upload stations and one master control station; and the user 
segment, i.e. the GPS receiver. The satellites are continuously tracked by the monitor stations, 
which provide the data to the master control station. The master control station calculates 
satellite paths and clock corrections before forwarding the data to upload stations, which in turn 
transmit the data to each satellite daily.  
 
GPS operation consists of five basic steps: satellite trilateration in which a point is located based 
on its calculated distances from four satellites; satellite ranging i.e. establishing the distance from 
a single satellite by measuring the travel time of the radio signal from the satellite to the receiver; 
accurate timing – since the calculations depends on highly accurate clocks and the satellites have 
accurate atomic clock but the receivers which do not receiver uses data from the fourth satellite 
to correct any clock errors; satellite positioning – identifying the exact locations of the 24 
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satellites; and error corrections including atomic clock errors satellite orbit errors multipath 
interference errors and errors due to the non-constant speed of GPS signals through the earth’s 
ionosphere and troposphere layers.  
 
Satellite trilateration is the basis of the GPS. With satellites acting as precise reference points 
distances are calculated from a number of satellites to a particular position on the earth surface. 
With one satellite, a possible location of the position is reduced to the surface of a sphere. 
Adding the distance from another satellite reduce the possible locations to the intersection of two 
spheres which is a circle. A third satellite measurement reduces the position to possible two 
points while adding the fourth satellite distance measurement narrows the position to one point. 
With the initial three satellites the coordinates of the location can actually be calculated usually 
by disregarding one of the two possible points due to it being far out in space. The fourth satellite 
measurement is needed to obtain the needed coordinate parameters and time. Satellite ranging 
involves the GPS receiver and satellite generating same pseudorandom noise code at the same 
time in order to establish when a signal was transmitted from the satellite.  
 
The receiver examines the incoming signal from the satellite to check the time lapse from when 
the receiver generated the same code. The time difference is multiplied by the speed of light 
(186000 m/s) to calculate the distance. Since the noise code has to generated from both the 
receiver and the satellite at the exactly the same time the receiver which does not have an atomic 
clock may not have the same time stamp as the satellite’s clock. In this case the use of three 
satellites would result in a series of measurements that do not intersect at a single point. It would 
then be necessary to use four satellites to cancel out time errors.  Satellite positioning is 
enhanced by the USDoD stations with four satellites in each of six evenly distributed orbits 
inclined at 55 degrees to the equator. GPS errors primarily depend on the fact that the signals do 
not travel at a constant speed of light as assumed thus resulting in incorrect distance calculations. 
These errors can be corrected by GPS receivers to account for these delays in signal reception. 
Also the atomic clock and satellite orbit errors are minor and are adjusted by the USDoD at the 
monitor stations. Multipath interference errors are due to signals being reflected off other objects 
at or near the earth surface e.g. mountains trees buildings etc. Advanced signal processing and 
good antennas can help minimize the multipath effect. 
 
The DGPS or Differential GPS is same as the GPS but with a correction done to the GPS 
collected data to improve the location accuracy. It involves a GPS receiver at an unknown 
location (rover) collecting data and comparing its data to the GPS data from another GPS 
receiver at a known location (base station). The base stations which are continuously monitored 
with strong antennas and receivers, produce the data that is used to determine errors contained in 
the satellite data. The base station data is then applied to the data collected by the rover GPS 
receiver to remove errors.  Accuracy of differential corrections depends very much on the 
knowledge of the exact location of the base station. There are two types of differential 
correction: real-time and post processed. In real-time differential GPS the base station calculates 
and broadcasts correction data through radio signals for each satellite data that it receives. The 
rover GPS receiver applies this correction immediately to its position calculation. In post-
processing differential GPS the base station records the correction for satellite to a file. The rover 
GPS records its own data also in a file. After data collection by the rover the two files are 
processed to remove the position errors. More precise techniques have been developed by 
surveyors as extensions of DGPS to improve accuracy of locations to within one centimeter. 
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1.2.2 The Geographic Information System (GIS) 
As defined in several literatures the Geographic Information System (GIS) is simply  
 

“A system of hardware software data people organizations and institutional 
arrangements for collecting storing analyzing and disseminating information about 
areas of the earth.”  

 
The GIS consists of two data types – spatial data and attribute data. Spatial data in GIS can be 
either vector data in which geometric elements are shown on a Cartesian plane (point line and 
polygons) or raster data in which information is provided in the form of grid cells.  Spatial data 
or topology contains information on geographic entities with orientation and relationship in a 
two or three-dimensional space. Attribute data usually in the form of a database system is 
pertinent information attached to the geographic entities. For example a roadway section may be 
a linear feature with attribute data such as the road condition on a linear segment or accident 
information at a point location. 
 
The basic data needed for a GIS is the base map. It is a map containing the geographic features 
and necessary location reference information. Base maps can be generated from local regular 
maps aerial photographs CAD (Computer Aided Drawings) or as in many cases from TIGER 
(Topographically Integrated Geographic Encoding and Referencing) files.  The major attractive 
aspect of a GIS is its ability to integrate data from several sources and spatially presenting results 
of queries and other analyses in the forms of maps and reports. The core of this integration is the 
location referencing system. GIS can utilize many location referencing systems but the 
predominant systems are linear referencing or Cartesian coordinates (absolute or relative 
including three dimensional). 
 
1.2.3 Bentley Construction Inspector (CAD-Quantity Integration) 
The most relevant literature found related to CAD-Data integration is Roe (2004), explaining the 
recent developments in data exchange between civil engineering CAD software and other 
applications. Roe (2004) described intelligent design software that maintains the continuous data 
chain, including the object-based software such as the Civil 3D from Autodesk. In earthwork 
grading, for instance Civil 3D allows dynamic updating of contours, earthwork volumes, section 
views, and annotation, enabling the development of “what-if” scenarios in land development 
projects. Also discussed in Roe (2004) were three products from Bentley Systems. First, working 
with the FDOT, Bentley developed the Quantity Manager, a stand-alone tool that manages 
quantities generated by the GEOPAK, another Bentley product. The Quantity manager 
streamlines the management of pay items during construction. Secondly, Bentley developed, 
working with the Minnesota DOT, handheld applications for construction staking and inspection 
quantities. With this tool, users can import design data from GEOPAK, and display drawings on 
the handheld device (Figure 1.1). Linked to a GPS receiver, items such as drainage structures can 
be staked during construction, calculating pipe slopes, etc. Also developed by Bentley was 
Handheld Inspection module for automating data gathering, calculations, and input processes 
during construction. Using the design data imported from GEOPAK, the user can use the 
Construction Inspector, to display and select a desired plan item, view its estimated quantity, and 
then enter a field –measured quantity. The historical inspection data is also available in a 
database. The Bentley Inspector was demonstrated in a Minnesota DOT pilot study in 2003. 
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Figure 1.1. Sample Screen from the Bentley Construction Inspector (Source: Bentley 
2004) 

According to the Bentley’s GEOPAK’s Help File, Quantity Manager is an application for 
managing design quantities, through the Design and Computation Manager.  The features 
include the following: organization of quantities by pay items, by stations, by units of 
measure etc.; special treatment for rounding and lump sum items; support of CAD file 
quantities as well as non-graphic quantities; manual input and modifications; interface 
with estimating systems for pay items and funding sources; custom report capabilities; 
funding computations; cost estimates; and cost comparison. The program supports 
several Database Management Systems, including: Microsoft Access 2000, Oracle and 
SQL Server. Quantity Manager supports importing and exporting of data via XML, 
specifically, the aecXML.   Figures 1.2 and 1.3 show the data link between pay items’ 
quantities and design elements.  
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Figure 1.2. GEOPAK’s Quantity manager’s Graphical Link of Quantity to Pay Item and 
Design Elements 

Figure 1.3 GEOPAK’s Quantity manager’s Tabular Link of Quantity to Pay Item and Design 
Elements 
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1.2.4 Applications of GPS/GIS in Highway Construction 
Highway-related applications of GPS and GIS have primarily been in the areas of planning, 
traffic safety analysis, and infrastructure management. Few studies have been reported for 
specific application to the construction process, including the use of GPS for machine control, 
construction stakeout, and overall surveying operations. Navon and Shpatnitsky (2005) 
demonstrated the use of GPS to measure the performance of earthmoving operations, while 
Cable et al. (2004) evaluated the feasibility “stringless” paving for concrete using a machine 
guidance system based on a combination of GPS and laser technologies. White et al. (2004) 
performed a preliminary evaluation of a new GPS-based compaction monitoring system  
developed by Caterpillar, Inc. (CAT), for use as a quality control and quality assurance (QC/QA) 
tool during earthwork construction operations.  Peyret et al. 2004 developed a GPS-based 
computer-integrated construction system for asphalt pavers and compactors, providing operators 
with real-time information regarding the number of passes, speed, and location of asphalt rollers 
or pavers; the accurate and continuous information on the location of the machine enhances 
machine control and optimal compaction.  Zeyher (2002) discussed various machine control 
systems on earthwork operations, involving guidance by sonar, lasers, radio signals and the GPS, 
and. Oloufa (2002) presented the use of GPS in quality control of compaction of asphalt 
pavements. 
 
 
1.2.5 AAASHTO SiteManager Interface 
According to AASHTOware (2005), the development of a computer package, Trns•port, was 
financed by AAASHTO. Trns•port consists of 14 components designed to meet most 
highway/transportation agency pre-construction and construction contract information and 
management needs. Used by many state transportation agencies nationwide (Figure 1.2), one of 
the Trns•port components, the SiteManager, is a comprehensive client/server based construction 
management tool. It provides for data entry, tracking, reporting, and analysis of contract data 
from contract award through finalization. SiteManager is built on the same multi-tier architecture 
as the rest of the Trns•port suite, allowing for easy integration and data transfer. It can be used by 
all levels of construction personnel such as field inspectors, technicians, project managers, 
clerks, auditors, lab personnel, management, producer/suppliers, contractors, and the FHWA.  

 
 
Figure 1.2 States using the AASHTO Trns*port Software (Source: AASHTOware 2005) 
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1.3. Project Kickoff Meeting 
In order to obtain a familiarity with the pilot project, a kickoff meeting was held on February 11, 
2005, at the FDOT (CEI) Resident Engineer’s site office located on the University Drive in Fort 
Lauderdale, Florida. The research team met with the Resident Engineer in charge of inspecting 
the project, to determine the extent and expectations of the proposed inspection pilot.  Topics 
discussed and actions performed at the meeting included the following: overview of the project 
and overall progress update; a review of the Resident Engineer’s Diaries, with particular 
emphasis on measurement of Pay Item Quantities; elicitation of the Resident Engineer’s opinions 
and needs regarding then proposed research, with a detailed review of pertinent Pay Items; a site 
tour with Resident Engineer; and the collection of preliminary GPS Data at Broward Blvd. end 
of the project, including FDOT Survey Control Points, a Point Feature Pay Item, a Line Feature 
Pay Item, and an Area Feature Pay Item. 
 
The overall information about the pilot project is as follows: 
 
Project Name: University Drive (SR 817) 
Limits: North of SR-84 to just South of Broward Blvd (SR 842) 
Description: Milling and Resurfacing 
County/Section: Broward / 86220 
Financial Project ID: 228079-1-52-01 
Federal Aid Project ID: 4731034P 
Contract Number: T10452 
Original Contract Amount (Contractor): $6,843,164.73 
Original Contract Amount (CEI): $567,915.08 
Original Contract Time: 340 
First Contract Day: June 15, 2004 
 
 
Some site pictures taken during the project kickoff meeting are shown in Figures 1.3 and 1.4.  

Figure 1. 3. Preliminary GPS Data Collection for Light Pole Location 
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Figure 1. 4. Southbound View at Broward Mall Area of the Project 
 
1.4. Evaluation of the Spatial Relevance of FDOT Pay Items 
One of the initial activities on this study was to review the FDOT’s current construction 
administration process and evaluate the relevance of spatial location (GPS-usefulness) in 
construction monitoring of the pay items. The standard pay item structure, i.e., a comprehensive 
list of the pay items for FDOT construction work is indicated on the “Basis of Estimate” 
document available for download on the FDOT’s Office of Estimate’s website. Downloading an 
early 2005 version of this document (Microsoft Excel format), an evaluation was conducted to 
determine the usefulness of GPS for inspecting the construction of each pay item. The basis of 
evaluation was primarily by the indicated unit of measure. It is assumed that point measure 
items, defined by an X, Y coordinate in a plane, can be measured with GPS. Likewise, linear, 
area, and volume measure items can be identified and GPS measured using either or a 
combination of X, Y, and Z coordinates. Considering the English Unit version of the pay item 
structure with 4,523 listed pay items, point measure units would include Each (EA), Location 
(LO), Per Building (PB), Per Intersection (PI), etc. Linear measure units include Linear Feet (LF) 
and Net Mile (MI), while Square Feet (SF) and Square Yard (SY) are examples of the area 
measure units. The volume measure units include Cubic Foot (CF) and Cubic Yard (CY). 
 
The relevance of spatial location is demonstrated in the results of this evaluation as shown in 
Table 1.1 and Figure 1.5. Of the 4,523-listed pay items, over 90% are GPS-measurable. This is a 
considerable portion of the FDOT’s comprehensive list of construction pay items, implying that 
it is significantly useful to employ GPS in project monitoring. Among these GPS-measurable 
items, work items measured with Each (EA) and Linear Feet (LF), constitute the majority with 
over 70% of all pay items. 
 
Now with emphasis on the pilot project for this study, a similar evaluation on spatial relevance of 
pay items was conducted, but with a little bit more detail. The first question was “Is spatial 
location relevant for this pay item?” in terms of construction inspection, i.e. based on the pay 
item description, is the physical location important to the inspector, particularly, to show it on the 
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drwaing. For instance a pay item such as 101-1 Mobilization with unit of measure Lump sum 
(LS) has no need for spatial location to monitor the pay item as described, whereas a pay item 
such as 510-1-10 Curb & Gutter Conc (Type F) measured as Linear Feet (LF) will need the 
spatial location. Secondly, among the pay items that can be located spatially, it was determined if 
the basic X, Y coordinates are adequate to locate them. Another question similar to the first 
question, inquires if the spatial data (coordinates) are needed to estimate the quantities. This is 
important because some pay items such 590-70 Irrigation system, measured as Lump sum, may 
need to be located by the inspector, but need not be measured because of the required units.  
 
It was also ascertained if pay items need just the X, Y coordinates to estimate the quantities or 
the elevation is needed in addition, i.e. the complete X, Y, Z coordinate. Another question also 
relates to if the GPS-measured quantities, i.e. using X, Y, Z coordinates, are in direct pay item 
units. For example, pay item 334-1-12 Superpave Asphalt Conc (Type B) can be measured with 
the X, Y, Z coordinates for the volume but the required or direct units are Tons (TN). The 
answers to these questions are indicated in Tables 1.2 to 1.6 and also illustrated in Figures 1.6 
and 1.7. 
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Table 1.1 Summary Evaluation of Standard FDOT Pay Item Structure (4,523 Items English Units) for Relevance of Spatial Data  
 

 
 

UNIT UNIT DESCRIPTION

IS PAY ITEM  GPS-
M EASURABLE? 

(YES = 1, NO = 0)

TOTAL NO. OF 
PAY ITEM S 
W ITH UNIT

NO. OF GPS-
M EASURABLE PAY 

ITEM S IN UNIT

GPS-M EASURABLE 
ITEM S FOR UNIT AS  

% OF ALL PAY ITEM S
AC ACRE 1 2 2 0.044
AS ASSEMBLY 1 417 417 9.220
CF CUBIC FOOT 1 15 15 0.332
CO CLEANOUT 1 1 1 0.022
CY CUBIC YARD 1 102 102 2.255
DA DAY 0 9 0 0.000
DD DOLLARS PER DAY 0 2 0 0.000
EA EACH 1 2133 2133 47.159
ED EACH DAY 1 13 13 0.287
GA GALLON 0 9 0 0.000
GM GROSS MILE 1 8 8 0.177
LB POUND 0 40 0 0.000
LF LINEAR FEET 1 1156 1156 25.558
LO LOCATION 1 8 8 0.177
LS LUMP SUM 0 227 0 0.000
LU LUMINAIRE 1 3 3 0.066
MB BOARD MEASURE/THOUSAND FEET 0 5 0 0.000
MG THOUSAND GALLONS 0 2 0 0.000
MH MAN-HOUR 0 5 0 0.000
NM NET MILE 1 12 12 0.265
PA PER ANALYSIS 0 20 0 0.000
PB PER BUILDING 1 3 3 0.066
PI PER INTERSECTION 1 21 21 0.464
PL PLANT 1 24 24 0.531
PM PER MILE 1 2 2 0.044
PS PER SET 0 2 0 0.000
PW PER W ELL 1 5 5 0.111
SF SQUARE FEET 1 53 53 1.172
SY SQUARE YARD 1 186 186 4.112
TN TONS 0 38 0 0.000

TOTALS 4523 4164 92.063
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Figure 1.5 Summary Evaluation of Standard FDOT Pay Item Structure (4,523 Items English 
Units) for Relevance of Spatial Data  
 
According to the contract documents, the pilot project has 180 pay items; these pay items were 
evaluated by the following pay item categories for the project:  roadway (83 items), signings (14 
items), lightings (19 items), signalization (50 items), landscaping and peripherals (14 items). It 
can be observed that spatial location is both relevant and needed for inspected quantities on over 
90% of the roadway pay items. All signing, lighting, and signalization items have spatial location 
relevance. Almost 80% of the landscape/peripheral items also do, with over 90% of pay items in 
these categories indicating the spatial data as being useful in estimating quantities (Figure 1.6).  
As shown in Figure 1.7, among the GPS-measurable pay items, 100% of the categories can be 
measured in direct units, except roadway items where almost 80% can be measured directly, and 
in signing, where over 90% can be measured in direct pay item units. Looking at the same Figure 
1.7, no elevation data is needed for the signalization category, while less than 10% of each of the 
other categories will need the elevation data, i.e. the complete X, Y, Z coordinates.  
 
1.5. FDOT’s Computation Methods for Pay Items 
Several FDOT’s documents were reviewed for pertinent information on measure of pay items as 
the construction progresses. Starting with the Standard Specifications (FDOT 2004a), the 
Sections 9 (Measure and Payment), 101 to 996 (work items), were reviewed in details, to 
ascertain the methods used at FDOT for measuring and payment of contractor’s work on the 
construction site.  The various forms used by FDOT for construction quantities, as listed and 
available on the FDOT’s construction web site, were reviewed and recreated for possible use on 
the study. The document Topic No. 700-050-001c (FDOT 2004b) on computation methods 
indicated the three concepts for the method of measurement: final measure concept; lump sum 
concept; and the plan quantity concept. Final measure implies payment based on the field 
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measurement on the calculations of quantities. The Lump sum is a fixed designated amount but 
may have secondary units of measure. The plan quantity concept is now being applied on a large 
percentage of FDOT pay items. Under this concept, the final pay quantity is based on the design 
plan quantity This is of great interest given that the resident engineer do not have to physically 
measure these related pay items. The plan quantities are generated from design files, typically, 
for FDOT projects, using the Bentley’s GEOPAK Quantity Manager. 
 
 
1.5. Summary 
 
The current state of knowledge in the application of modern technologies such as GPS, GIS and 
CAD Integration, has been presented in this section of the report, including the summary of a 
short kickoff meeting conducted at the pilot project site. Pertinent literature and documented 
studies were also discussed. A preliminary review of the FDOT pay items structure and the pay 
items for the pilot project indicated the relevance of the spatial location of the pay items and also 
the significant importance of using the GPS to measure the construction quantities. Most of 
FDOT pay items are measured as Each (EA) and Linear Feet (LF); this observation as well as the 
use of other measure units such as area and volume measures, show the potential benefits on 
applying the GPS technology in project monitoring of construction pay items on FDOT projects. 
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Table 1.2 Evaluation of SR 817 Contract Pay Items for Relevance of Spatial Data (Roadway Items) 

IT E M  D E S C R IP T IO N U N IT S Q U A N T IT Y

 IS  S P A T IA L  
L O C A T IO N  D A T A  
R E L E V A N T  F O R  
P A Y  IT E M ?  (Y /N )

T Y P E  O F  
S P A T IA L  D A T A  
N E E D E D  F O R  

L O C A T IO N

 IS  S P A T IA L  D A T A  
R E L E V A N T  F O R  

Q U A N T IT IE S  (G P S  
M E A S U R A B L E )?  

(Y /N )

T Y P E  O F  S P A T IA L  
D A T A  N E E D E D  

F O R  Q U A N T IT IE S

C A N  S P A T IA L  
D A T A  B E  U S E D  
D IR E C T L Y  F O R  

Q U A N T IT Y  
U N IT S

1 0 1 1 M O B IL IZ A T IO N L S 1 .0 0 0 N N
1 0 2 1 M A IN T E N A N C E  O F  T R A F F IC L S 1 .0 0 0 N N
1 0 2 1 4 T R A F F IC  C O N T R O L  O F F IC E R M H 8 6 .0 0 0 N N
1 0 2 6 0 W O R K  Z O N E  S IG N S E D 2 0 1 8 4 .0 0 0 Y (X ,Y ) Y (X ,Y ) N
1 0 2 6 1 B U S IN E S S  S IG N S E A 1 1 .0 0 0 Y (X ,Y ) Y (X ,Y ) Y
1 0 2 7 1 1 1 B A R R IE R  W A L L  (T E M P O R A R Y ) (F & I)  (C O N C R E T E ) L F 4 0 0 .0 0 0 Y (X ,Y ) Y (X ,Y ) Y
1 0 2 7 1 2 1 B A R R IE R  W A L L  (T E M P O R A R Y ) (R E L O C A T E ) (C O N C R E T E ) L F 4 0 0 .0 0 0 Y (X ,Y ) Y (X ,Y ) Y
1 0 2 7 4 1 B A R R IC A D E  (T E M P O R A R Y ) (T Y P E S  I, II ,  V P  &  D R U M ) E D 2 8 0 9 2 .0 0 0 Y (X ,Y ) Y (X ,Y ) N
1 0 2 7 4 2 B A R R IC A D E  (T E M P O R A R Y ) (T Y P E  II I)  (  6 ' ) E D 1 5 4 6 .0 0 0 Y (X ,Y ) Y (X ,Y ) N
1 0 2 7 6 P A N E L S  A R R O W  A D V A N C E  W A R N IN G E D 9 6 0 .0 0 0 Y (X ,Y ) Y (X ,Y ) N
1 0 2 7 7 H IG H  IN T E N S IT Y  F L A S H IN G  L IG H T S  (T E M P  - T Y P E  B ) E D 4 8 9 2 .0 0 0 Y (X ,Y ) Y (X ,Y ) N
1 0 2 7 8 M A R K E R  P A V T  R E F L E C T IV E  (T E M P O R A R Y ) E A 1 1 8 6 .0 0 0 Y (X ,Y ) Y (X ,Y ) N
1 0 2 7 9 L IG H T S  (T E M P -B A R R . W A L L  M O U N T ) (T Y P E  C  S T E A D Y  B U R N ) E D 1 0 0 .0 0 0 Y (X ,Y ) Y (X ,Y ) N
1 0 2 8 9 7 IM P A C T  A T T E N U A T O R  (R E D IR E C T IV E  O P T IO N ) (T E M P O R A R Y ) L O 2 .0 0 0 Y (X ,Y ) Y (X ,Y ) N
1 0 2 9 9 C H A N G E A B L E -V A R IA B L E  M E S S A G E  S IG N  (T E M P O R A R Y ) E D 8 7 8 .0 0 0 Y (X ,Y ) Y (X ,Y ) N
1 0 4 4 M O W IN G A C 7 7 .3 0 0 Y (X ,Y ) Y (X ,Y ) Y
1 0 4 1 0 1 H A Y  O R  S T R A W  B A L E  (  1 8 "  X  1 8 "  X  3 6 "  ) E A 5 4 0 .0 0 0 Y (X ,Y ) Y (X ,Y ) Y
1 0 4 1 1 T U R B ID IT Y  B A R R IE R  F L O A T IN G L F 3 7 5 .0 0 0 Y (X ,Y ) Y (X ,Y ) Y
1 0 4 1 3 1 S IL T  F E N C E  S T A K E D  (T Y P E  II I) L F 5 7 6 9 .0 0 0 Y (X ,Y ) Y (X ,Y ) Y
1 0 4 1 6 R O C K  B A G S E A 7 7 0 .0 0 0 Y (X ,Y ) Y (X ,Y ) Y
1 0 9 7 1 3 F IE L D  O F F IC E  (  9 0 0  S Q  F T ) D A 3 8 0 .0 0 0 Y (X ,Y ) Y (X ,Y ) N
1 1 0 1 1 C L E A R IN G  &  G R U B B IN G L S 1 .0 0 0 Y (X ,Y ) Y (X ,Y ) N
1 1 0 4 P A V E M E N T  R E M O V A L  O F  E X IS T IN G  C O N C R E T E S Y 7 4 2 6 .0 0 0 Y (X ,Y ) Y (X ,Y ) Y
1 2 0 1 E X C A V A T IO N  R E G U L A R C Y 3 6 4 1 .0 0 0 Y (X ,Y ) Y (X ,Y ,Z ) Y
1 2 0 6 E M B A N K M E N T C Y 5 1 5 8 .0 0 0 Y (X ,Y ) Y (X ,Y ,Z ) Y
2 8 5 7 1 5 B A S E  O P T IO N A L  (B A S E  G R O U P  1 5 ) S Y 5 6 0 6 .0 0 0 Y (X ,Y ) Y (X ,Y ) Y
3 2 7 7 0 6 M IL L IN G  E X IS T  A S P H  P V T  (  1  1 /2 "  A V G  D E P T H ) S Y 8 1 4 0 0 .0 0 0 Y (X ,Y ) Y (X ,Y ) Y
3 2 7 7 0 1 6 M IL L IN G  E X IS T  A S P H  P V T  (  1 /2 "  A V G  D E P T H ) S Y 1 6 0 6 .0 0 0 Y (X ,Y ) Y (X ,Y ) Y
3 3 4 1 1 2 S U P E R P A V E  A S P H A L T IC  C O N C  (T R A F F IC  B ) T N 1 3 8 6 3 .7 0 0 Y (X ,Y ) Y (X ,Y ,Z ) N
3 3 7 7 6 A S P H  C O N C  F R IC T IO N  C O U R S E  (IN C  B IT /R U B B E R ) F C  1 2 .5 T N 7 4 5 6 .3 0 0 Y (X ,Y ) Y (X ,Y ,Z ) N
3 3 9 1 A S P H A L T  P A V E M E N T  M IS C E L L A N E O U S T N 4 0 .4 0 0 Y (X ,Y ) Y (X ,Y ,Z ) N
4 0 0 1 1 1 C O N C  C L A S S  I (R E T A IN IN G  W A L L S ) C Y 1 3 4 .3 0 0 Y (X ,Y ) Y (X ,Y ,Z ) Y
4 0 0 2 1 5 C O N C  C L A S S  II  (M IS C E L L A N E O U S ) C Y 6 7 .3 0 0 Y (X ,Y ) Y (X ,Y ,Z ) Y
4 1 5 1 6 R E IN F  S T E E L  (M IS C E L L A N E O U S ) L B 4 1 8 8 .0 0 0 N
4 2 5 1 3 1 1 IN L E T S  (C U R B ) (T Y P E  P -1 ) (  < 1 0 ' ) E A 2 .0 0 0 Y (X ,Y ) Y (X ,Y ) Y
4 2 5 1 3 2 1 IN L E T S  (C U R B ) (T Y P E  P -2 ) (  < 1 0 ' ) E A 2 .0 0 0 Y (X ,Y ) Y (X ,Y ) Y
4 2 5 1 3 5 1 IN L E T S  (C U R B ) (T Y P E  P -5 ) (  < 1 0 ' ) E A 1 1 .0 0 0 Y (X ,Y ) Y (X ,Y ) Y
4 2 5 1 3 5 5 IN L E T S  (C U R B ) (T Y P E  P -5 ) (P A R T IA L ) E A 1 .0 0 0 Y (X ,Y ) Y (X ,Y ) Y
4 2 5 1 3 6 1 IN L E T S  (C U R B ) (T Y P E  P -6 ) (  < 1 0 ' ) E A 1 0 .0 0 0 Y (X ,Y ) Y (X ,Y ) Y
4 2 5 1 3 6 5 IN L E T S  (C U R B ) (T Y P E  P -6 ) (P A R T IA L ) E A 2 .0 0 0 Y (X ,Y ) Y (X ,Y ) Y
4 2 5 1 4 7 1 IN L E T S  (C U R B ) (T Y P E  7 ) (  < 1 0 ' ) E A 1 .0 0 0 Y (X ,Y ) Y (X ,Y ) Y
4 2 5 1 5 0 5 IN L E T S  (D T  B O T ) (T Y P E  A ) (P A R T IA L ) E A 1 .0 0 0 Y (X ,Y ) Y (X ,Y ) Y
4 2 5 1 5 2 1 IN L E T S  (D T  B O T ) (T Y P E  C ) (  < 1 0 ' ) E A 6 .0 0 0 Y (X ,Y ) Y (X ,Y ) Y
4 2 5 1 7 1 1 IN L E T S  (G U T T E R ) (T Y P E  V ) (  < 1 0 ' ) E A 1 .0 0 0 Y (X ,Y ) Y (X ,Y ) Y
4 2 5 1 9 1 0 IN L E T S  (C L O S E D  F L U M E ) (N /A ) E A 1 5 .0 0 0 Y (X ,Y ) Y (X ,Y ) Y
4 2 5 2 4 1 M A N H O L E S  (P -7 ) (  < 1 0 ' ) E A 1 4 .0 0 0 Y (X ,Y ) Y (X ,Y ) Y
4 2 5 3 4 3 M A N H O L E S  (P -7 ) (P A R T IA L ) E A 4 .0 0 0 Y (X ,Y ) Y (X ,Y ) Y
4 2 5 2 7 3 M A N H O L E S  (J -7 ) (P A R T IA L ) E A 1 .0 0 0 Y (X ,Y ) Y (X ,Y ) Y
4 2 5 5 M A N H O L E  (A D J U S T ) E A 1 1 .0 0 0 Y (X ,Y ) Y (X ,Y ) Y
4 3 0 1 7 1 1 2 5 P IP E  C U L V  (O P T  M A T L ) (R O U N D ) (  1 8 "  S S ) L F 2 6 5 6 .0 0 0 Y (X ,Y ) Y (X ,Y ) Y
4 3 0 1 7 1 1 2 9 P IP E  C U L V  (O P T  M A T L ) (R O U N D ) (  2 4 "  S S ) L F 1 3 7 9 .0 0 0 Y (X ,Y ) Y (X ,Y ) Y
4 3 0 1 7 1 1 3 3 P IP E  C U L V  (O P T  M A T L ) (R O U N D ) (  3 0 "  S S ) L F 7 2 8 .0 0 0 Y (X ,Y ) Y (X ,Y ) Y
4 3 0 1 7 1 2 2 5 P IP E  C U L V  (O P T  M A T L ) (O T H E R ) (  1 8 "  S S ) L F 4 2 0 .0 0 0 Y (X ,Y ) Y (X ,Y ) Y
4 3 0 9 4 1 2 9 P IP E  D E S IL T IN G  ( 2 4 "  S S ) L F 3 4 0 .0 0 0 Y (X ,Y ) Y (X ,Y ) Y
4 3 0 9 4 1 3 3 P IP E  D E S IL T IN G  ( 3 0 "  S S ) L F 2 0 6 .0 0 0 Y (X ,Y ) Y (X ,Y ) Y
4 3 0 9 4 1 4 0 P IP E  D E S IL T IN G  (  4 2 "  S S ) L F 5 5 .0 0 0 Y (X ,Y ) Y (X ,Y ) Y
4 3 0 9 4 1 4 1 P IP E  D E S IL T IN G  (4 8 "  S S ) L F 1 2 2 .0 0 0 Y (X ,Y ) Y (X ,Y ) Y
4 3 0 9 8 4 1 2 5 M IT E R E D  E N D  S E C T IO N  (O P T IO N A L  R O U N D ) (  1 8 "  S D ) E A 4 .0 0 0 Y (X ,Y ) Y (X ,Y ) Y
4 3 0 9 8 4 6 2 5 M IT E R E D  E N D  S E C T  (O P T /E L L IP /A R C H ) (  1 8 "  S D ) E A 6 .0 0 0 Y (X ,Y ) Y (X ,Y ) Y
5 1 5 2 2 0 1 P E D E S T R IA N /B IC Y C L E  R A IL IN G  (S T E E L  O N L Y ) (  4 2 "  P IC K E L F 1 4 3 8 .0 0 0 Y (X ,Y ) Y (X ,Y ) Y
5 2 0 1 1 0 C U R B  &  G U T T E R  C O N C  (T Y P E  F ) L F 2 5 2 7 3 .0 0 0 Y (X ,Y ) Y (X ,Y ) Y
5 2 0 2 4 C U R B  C O N C  (T Y P E  D ) L F 5 2 4 4 .0 0 0 Y (X ,Y ) Y (X ,Y ) Y
5 2 0 3 G U T T E R  V A L L E Y  C O N C L F 2 5 7 .0 0 0 Y (X ,Y ) Y (X ,Y ) Y
5 2 2 1 S ID E W A L K  C O N C  ( 4 "  T H IC K ) S Y 5 0 3 2 .0 0 0 Y (X ,Y ) Y (X ,Y ) Y
5 2 2 2 S ID E W A L K  C O N C  ( 6 "  T H IC K ) S Y 3 0 3 .0 0 0 Y (X ,Y ) Y (X ,Y ) Y
5 3 6 1 1 G U A R D R A IL  (R O A D W A Y ) L F 9 0 0 .0 0 0 Y (X ,Y ) Y (X ,Y ) Y
5 3 6 8 G U A R D R A IL  B R ID G E  A N C H O R A G E  A S S E M E A 3 .0 0 0 Y (X ,Y ) Y (X ,Y ) Y
5 3 6 7 3 G U A R D R A IL  R E M O V A L L F 9 0 0 .0 0 0 Y (X ,Y ) Y (X ,Y ) Y
5 3 6 8 5 2 2 G U A R D R A IL  E N D  A N C H O R A G E  A S S E M B L Y  F L A R E D E A 2 .0 0 0 Y (X ,Y ) Y (X ,Y ) Y
5 3 6 8 5 2 4 G U A R D R A IL  E N D  A N C H O R A G E  A S S E M B L Y  P A R A L L E L E A 1 .0 0 0 Y (X ,Y ) Y (X ,Y ) Y
5 5 0 6 1 F E N C E  E N D  P O S T  A S S E M B L Y  (T Y P E  B ) (S T A N D A R D ) E A 2 .0 0 0 Y (X ,Y ) Y (X ,Y ) Y
7 1 0 5 1 G U ID E  L IN E S  (P A IN T ) (W H IT E ) L F 3 6 0 .0 0 0 Y (X ,Y ) Y (X ,Y ) Y
7 1 0 6 D IR E C T IO N A L  A R R O W S , P A IN T E D E A 1 4 0 .0 0 0 Y (X ,Y ) Y (X ,Y ) Y
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Table 1.3 Evaluation of SR 817 Contract Pay Items for Relevance of Spatial Data (Signing Items) 

 
 
Table 1.4 Evaluation of SR 817 Contract Pay Items for Relevance of Spatial Data (Lighting Items) 
 

 
 
 
 
 
 
 
 
 

IT E M  D E S C R IP T IO N U N IT S Q U A N T IT Y

 IS  S P A T IA L  
L O C A T IO N  D A T A  
R E L E V A N T  F O R  
P A Y  IT E M ?  (Y /N )

T Y P E  O F  
S P A T IA L  D A T A  
N E E D E D  F O R  

L O C A T IO N

IS  S P A T IA L  D A T A  
R E L E V A N T  F O R  

Q U A N T IT IE S  (G P S  
M E A S U R A B L E )?  

(Y /N )

T Y P E  O F  S P A T IA L 
D A T A  N E E D E D  

F O R  Q U A N T IT IE S

C A N  S P A T IA L  
D A T A  B E  U S E D  
D IR E C T L Y  F O R  

Q U A N T IT Y  
U N IT S

7 0 0 4 0 1 S IG N  S IN G L E  P O S T  (L E S S  T H A N  1 2 ) A S 8 4 .0 0 0 Y (X ,Y ) Y (X ,Y ) Y
7 0 0 4 0 2 S IG N  S IN G L E  P O S T  (  1 2  -  2 5  ) A S 1 1 .0 0 0 Y (X ,Y ) Y (X ,Y ) Y
7 0 0 4 1 1 0 S IG N  M U L T I P O S T  (  5 0  O R  L E S S ) A S 7 .0 0 0 Y (X ,Y ) Y (X ,Y ) Y
7 0 0 4 5 2 2 S IG N  L T 'D  O V H D  C T L V R  (C  2 1  O R  3 0 , S  5 1  T O  1 0 0  ) A S 2 .0 0 0 Y (X ,Y ) Y (X ,Y ) Y
7 0 0 4 5 3 4 S IG N  L T 'D  O V H D  C T L V R  (C  3 1  T O  4 0 , S  1 5 1  T O  2 0 0 ) A S 1 .0 0 0 Y (X ,Y ) Y (X ,Y ) Y
7 0 0 4 6 1 1 S IG N  E X IS T IN G  (R E M O V A L ) (S IN G L E  P O S T ) A S 5 2 .0 0 0 Y (X ,Y ) Y (X ,Y ) Y
7 0 0 4 6 1 2 S IG N  E X IS T IN G  (R E M O V A L ) (M U L T I -  P O S T ) A S 2 .0 0 0 Y (X ,Y ) Y (X ,Y ) Y
7 0 0 4 6 1 3 S IG N  E X IS T IN G  (R E M O V A L ) (O V E R H E A D  T R U S S ) A S 1 .0 0 0 Y (X ,Y ) Y (X ,Y ) Y
7 0 0 4 6 1 4 S IG N  E X IS T IN G  (R E M O V A L ) (O V E R H E A D  C A N T IL E V E R ) A S 1 .0 0 0 Y (X ,Y ) Y (X ,Y ) Y
7 0 0 4 6 2 1 S IG N  E X IS T IN G  (R E L O C A T E ) (S IN G L E  P O S T ) A S 3 .0 0 0 Y (X ,Y ) Y (X ,Y ) Y
7 0 5 1 0 1 1 M A R K E R  O B J E C T  (P O S T  M O U N T ) (T Y P E  1 ) E A 4 .0 0 0 Y (X ,Y ) Y (X ,Y ) Y
7 1 0 3 0 R E F L E C T IV E  P A IN T  ( IS L A N D  N O S E ) (Y E L L O W ) S Y 8 0 .0 0 0 Y (X ,Y ) Y (X ,Y ) Y
7 1 0 9 0 P A IN T E D  P A V E M E N T  M A R K IN G S  (F IN A L  S U R F A C E ) L S 1 .0 0 0 Y (X ,Y ) N
7 1 1 3 P A V T  M E S S A G E S  T H E R M O P L A S T IC E A 2 9 .0 0 0 Y (X ,Y ) Y (X ,Y ) Y

IT E M  N U M B E R

IT E M  D E S C R IP T IO N U N IT S Q U A N T IT Y

 IS  S P A T IA L  
L O C A T IO N  D A T A  
R E L E V A N T  F O R  
P A Y  IT E M ?  (Y /N )

T Y P E  O F  
S P A T IA L  D A T A  
N E E D E D  F O R  

L O C A T IO N

 IS  S P A T IA L  D A T A  
R E L E V A N T  F O R  

Q U A N T IT IE S  (G P S  
M E A S U R A B L E )?  

(Y /N )

T Y P E  O F  S P A T IA L 
D A T A  N E E D E D  

F O R  Q U A N T IT IE S

C A N  S P A T IA L  
D A T A  B E  U S E D  
D IR E C T L Y  F O R  

Q U A N T IT Y  
U N IT S

4 0 0 1 1 5 C O N C  C L A S S  I (M IS C E L L A N E O U S ) C Y 2 1 .5 0 0 Y (X ,Y ) Y (X ,Y ,Z ) Y
7 1 5 1 1 1 3 C O N D U C T O R S  (F & I)  ( IN S U L A T E D ) (N O  6  ) L F 3 1 7 8 7 .9 8 0 Y (X ,Y ) Y (X ,Y ) Y
7 1 5 1 1 1 5 C O N D U C T O R S  (F & I)  ( IN S U L A T E D ) (N O  2  ) L F 1 3 2 7 8 .9 6 0 Y (X ,Y ) Y (X ,Y ) Y
7 1 5 2 1 1 4 C O N D U IT  (F & I U N D E R G R O U N D ) (P V C  S C H  4 0  )  (  1  1 /2 "  ) L F 6 5 0 9 .2 0 0 Y (X ,Y ) Y (X ,Y ) Y
7 1 5 2 1 1 5 C O N D U IT  (F & I U N D E R G R O U N D ) (P V C  S C H  4 0  )  (  2 "  ) L F 6 5 0 9 .2 0 0 Y (X ,Y ) Y (X ,Y ) Y
7 1 5 2 2 1 4 C O N D U IT  (F & I U N D E R P A V E M E N T ) (P V C  S C H  4 0 ) (  1  1 /2 "  ) L F 8 9 7 .1 0 0 Y (X ,Y ) Y (X ,Y ) Y
7 1 5 2 2 1 5 C O N D U IT  (F & I U N D E R P A V E M E N T ) (P V C  S C H  4 0 ) (  2 "  ) L F 8 9 7 .1 0 0 Y (X ,Y ) Y (X ,Y ) Y
7 1 5 2 2 3 5 C O N D U IT  (F & I U N D E R P A V E M E N T ) (R IG ID  G A L V ) (  2 "  ) L F 2 0 7 0 .0 0 0 Y (X ,Y ) Y (X ,Y ) Y
7 1 5 2 3 4 4 C O N D U IT  (F & I S U R F A C E  M O U N T ) (P V C  S C H  8 0  )  (  1  1 /2 "  ) L F 3 1 4 .6 0 0 Y (X ,Y ) Y (X ,Y ) Y
7 1 5 2 3 4 5 C O N D U IT  (F & I S U R F A C E  M O U N T ) (P V C  S C H  8 0  )  (  2 "  ) L F 3 1 4 .6 0 0 Y (X ,Y ) Y (X ,Y ) Y
7 1 5 2 4 3 8 C O N D U IT  (F & I J A C K E D  U N D E R P V T ) (R IG ID  G A L V ) (  6 "  ) L F 8 8 7 .0 0 0 Y (X ,Y ) Y (X ,Y ) Y
7 1 5 7 1 1 L O A D  C E N T E R  (F & I)  (S E C O N D A R Y  V O L T A G E ) E A 4 .0 0 0 Y (X ,Y ) Y (X ,Y ) Y
7 1 5 1 4 1 1 P U L L  B O X  (F & I) (R O A D S ID E ) E A 1 4 5 .0 0 0 Y (X ,Y ) Y (X ,Y ) Y
7 1 5 1 4 1 4 P U L L  B O X  (F & I) (S U R F A C E  M O U N T ) E A 4 .0 0 0 Y (X ,Y ) Y (X ,Y ) Y
7 1 5 5 0 0 1 P O L E  C A B L E  D IS T R IB U T IO N  S Y S T E M  (C O N V E N T IO N A L ) E A 6 3 .0 0 0 Y (X ,Y ) Y (X ,Y ) Y
7 1 5 5 1 1 1 5 0 L IG H T  P O L E  C O M P  (F & I)  (S G L  A R M  S H L D R  M N T -A L U M ) (  5 0 ' ) E A 5 9 .0 0 0 Y (X ,Y ) Y (X ,Y ) Y
7 1 5 5 1 2 1 5 0 L IG H T  P O L E  C O M P  (F & I)  (D B L  A R M  S H L D R  M N T -A L U M ) (  5 0 ' ) E A 4 .0 0 0 Y (X ,Y ) Y (X ,Y ) Y
7 1 5 5 2 1 1 5 0 L IG H T  P O L E  C O M P  (F U R N IS H ) (S G L  A R M  S H L D R  M N T -A L U M ) ( E A 5 .0 0 0 Y (X ,Y ) Y (X ,Y ) Y
7 1 5 5 5 0 0 0 0 L IG H T  P O L E  C O M P  (R E M O V E ) E A 9 .0 0 0 Y (X ,Y ) Y (X ,Y ) Y
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Table 1.5 Evaluation of SR 817 Contract Pay Items for Relevance of Spatial Data (Signalization Items) 

 
 
 
 
 
 
 
 

IT E M  D E S C R IP T IO N U N IT S Q U A N T IT Y

 IS  S P A T IA L  
L O C A T IO N  D A T A  
R E L E V A N T  F O R  
P A Y  IT E M ?  (Y /N )

T Y P E  O F  
S P A T IA L  D A T A  
N E E D E D  F O R  

L O C A T IO N

IS  S P A T IA L  D A T A  
R E L E V A N T  F O R  

Q U A N T IT IE S  (G P S  
M E A S U R A B L E )?  

(Y /N )

T Y P E  O F  S P A T IA L  
D A T A  N E E D E D  

F O R  Q U A N T IT IE S

C A N  S P A T IA L  
D A T A  B E  U S E D  
D IR E C T L Y  F O R  

Q U A N T IT Y  
U N IT S

5 5 5 1 2 D IR E C T IO N A L  B O R E  (  6 "  T O  <  1 2 "  ) L F 7 6 4 .0 0 0 Y (X ,Y ) Y (X ,Y ) Y
6 3 0 1 1 2 C O N D U IT  (F U R N IS H  &  IN S T A L L )  (U N D E R G R O U N D ) L F 4 0 8 6 .0 0 0 Y (X ,Y ) Y (X ,Y ) Y
6 3 0 1 1 3 C O N D U IT  (F U R N IS H  &  IN S T A L L )  (U N D E R  P A V E M E N T ) L F 9 8 2 0 .0 0 0 Y (X ,Y ) Y (X ,Y ) Y
6 3 2 7 1 C A B L E  (S IG N A L ) (F U R N IS H  &  IN S T A L L ) P I 3 .0 0 0 Y (X ,Y ) Y (X ,Y ) Y
6 3 2 8 2 1 2 C A B L E  ( IN T E R C O N N E C T ) (F & I)  (  1  -  2 5  P R ) (U N D E R -G R N D ) L F 8 1 0 0 .0 0 0 Y (X ,Y ) Y (X ,Y ) Y
6 3 5 1 1 1 P U L L  &  J U N C T IO N  B O X E S  (F & I)  (P U L L  B O X E A 4 9 .0 0 0 Y (X ,Y ) Y (X ,Y ) Y
6 3 5 1 1 5 P U L L  &  J U N C T IO N  B O X E S  (F & I)  (F IB E R  O P T IC S ) E A 1 7 .0 0 0 Y (X ,Y ) Y (X ,Y ) Y
6 3 9 1 2 3 E L E C T R IC A L  P O W E R  S E R V IC E  (U N D E R G R O U N D ) A S 3 .0 0 0 Y (X ,Y ) Y (X ,Y ) Y
6 3 9 2 1 E L E C T R IA L  S E R V IC E  W IR E L F 4 6 5 .0 0 0 Y (X ,Y ) Y (X ,Y ) Y
6 4 9 4 1 1 0 0 1 M /A R M  (F & I/H L )  (S G L  A R M  W /O  L U M  (  1 S T  A R M  T Y P E  B I (2 N E A 1 .0 0 0 Y (X ,Y ) Y (X ,Y ) Y
6 4 9 4 1 3 0 0 2 M /A R M  (F & I/H L )  (S G L  A R M  W /O  L U M ) ( 1 S T  A R M  (B 3  ) E A 2 .0 0 0 Y (X ,Y ) Y (X ,Y ) Y
6 4 9 4 1 5 0 0 3 M /A R M  (F & I/H L )  (S G L  A R M  W /O  L U M ) ( 1 S T  A R M  (B 5  ) E A 4 .0 0 0 Y (X ,Y ) Y (X ,Y ) Y
6 4 9 4 1 6 0 0 4 M /A R M  (F & I/H L )  (S G L  A R M  W /O  L U M ) ( 1 S T  A R M  (B 6  )  2 N D  ( 0  ) E A 2 .0 0 0 Y (X ,Y ) Y (X ,Y ) Y
6 4 9 4 1 7 0 0 6 M /A R M  (F & I/H L )  (S G L  A R M  W /O  L U M ) 1 S T  A R M  (B 7  ) E A 4 .0 0 0 Y (X ,Y ) Y (X ,Y ) Y
6 4 9 4 2 6 5 0 4 M /A R M  (F & I/H L )  (D B L  A R M  W /O  L U M ) ( 1 S T  A R M  (B 6  ) E A 2 .0 0 0 Y (X ,Y ) Y (X ,Y ) Y
6 5 0 5 1 3 1 1 S IG N A L  T R A F F IC  (F & I)  (  3  S E C T  1  W A Y ) (S T D ) A S 3 7 .0 0 0 Y (X ,Y ) Y (X ,Y ) Y
6 5 0 5 1 4 1 1 S IG N A L  T R A F F IC  (F & I)  (  4  S E C T  1  W A Y ) (S T D ) A S 2 .0 0 0 Y (X ,Y ) Y (X ,Y ) Y
6 5 0 5 1 5 1 1 S IG N A L  T R A F F IC  (F & I)  (  5  S E C T  1  W A Y ) (S T D ) A S 1 .0 0 0 Y (X ,Y ) Y (X ,Y ) Y
6 5 3 1 8 1 S IG N A L  P E D E S T R IA N  (F & I) (L E D ) (  1  D IR E C T IO N ) A S 2 0 .0 0 0 Y (X ,Y ) Y (X ,Y ) Y
6 5 9 1 0 1 S IG N A L  H E A D  A U X IL IA R IE S  (B A C K  P L A T E S  3  S E C T ) E A 1 3 .0 0 0 Y (X ,Y ) Y (X ,Y ) Y
6 5 9 1 0 2 S IG N A L  H E A D  A U X IL IA R IE S  (B A C K  P L A T E S  4  S E C T ) E A 2 .0 0 0 Y (X ,Y ) Y (X ,Y ) Y
6 5 9 1 0 6 S IG N A L  H E A D  A U X IL IA R IE S  (T U N N E L  V IS O R ) E A 1 2 6 .0 0 0 Y (X ,Y ) Y (X ,Y ) Y
6 5 9 1 0 7 S IG N A L  H E A D  A U X IL IA R IE S  (A L U M IN U M  P E D E S T A L ) E A 4 .0 0 0 Y (X ,Y ) Y (X ,Y ) Y
6 5 9 1 1 8 S IG N A L  H E A D  A U X IL IA R IE S  (B A C K  P L A T E S  5  S E C T  C L U ) E A 1 .0 0 0 Y (X ,Y ) Y (X ,Y ) Y
6 6 3 7 4 1 1 V E H IC L E  D E T E C T O R  A S S E M  (F & I) (O P T IC A L  T Y P E ) E A 1 1 .0 0 0 Y (X ,Y ) Y (X ,Y ) Y
6 6 5 1 1 D E T E C T O R  P E D E S T  (F & I)  (D E T  S T A  P O L E  O R  C A B IN E T  M T D ) E A 2 0 .0 0 0 Y (X ,Y ) Y (X ,Y ) Y
6 7 0 5 1 3 0 C N T L  A S S E M  A C T  S S  (F & I)  (S P E C IA L ) A S 3 .0 0 0 Y (X ,Y ) Y (X ,Y ) Y
6 7 8 1 1 1 0 C N T R L  A C C E S S  (F & I) (T Y P E  4  T IM E  S W IT C H ) E A 3 .0 0 0 Y (X ,Y ) Y (X ,Y ) Y
6 8 5 1 0 6 S Y S T E M  A U X IL IA R IE S  (U N IN T E R R U P T IB L E  P O W E R  S O U R C E ) E A 3 .0 0 0 Y (X ,Y ) Y (X ,Y ) Y
6 8 5 1 2 0 S Y S T E M  A U X IL IA R IE S  (T E L E M E T R Y  T R A N S C E IV E R ) E A 3 .0 0 0 Y (X ,Y ) Y (X ,Y ) Y
6 8 5 1 2 8 S Y S T E M  A U X IL IA R IE S  ( IN T E R F A C E  P A N E L ) E A 3 .0 0 0 Y (X ,Y ) Y (X ,Y ) Y
6 9 0 1 0 S IG N A L  H E A D  T R A F F IC  A S S E M B L Y  R E M O V A L E A 3 2 .0 0 0 Y (X ,Y ) Y (X ,Y ) Y
6 9 0 2 0 S IG N A L  P E D E S T R IA N  A S S E M B L Y  R E M O V A L E A 1 2 .0 0 0 Y (X ,Y ) Y (X ,Y ) Y
6 9 0 3 1 S IG N A L  P E D E S T R IA N  R E M O V A L E A 2 .0 0 0 Y (X ,Y ) Y (X ,Y ) Y
6 9 0 3 3 1 P O L E  R E M O V A L  (D E E P  D IR E C T  B U R IA L ) L F 2 2 0 .0 0 0 Y (X ,Y ) Y (X ,Y ) Y
6 9 0 5 0 C N T R L  A S S E M  R E M O V E E A 5 .0 0 0 Y (X ,Y ) Y (X ,Y ) Y
6 9 0 6 0 D E T E C T O R  V E H IC L E  A S S E M B L Y  R E M O V E E A 1 2 .0 0 0 Y (X ,Y ) Y (X ,Y ) Y
6 9 0 7 0 D E T E C T O R  P E D E S T R IA N  A S S E M B L Y  R E M O V E E A 1 3 .0 0 0 Y (X ,Y ) Y (X ,Y ) Y
6 9 0 8 0 S P A N  W IR E  A S S E M B L Y  R E M O V E E A 1 0 .0 0 0 Y (X ,Y ) Y (X ,Y ) Y
6 9 0 9 0 C O N D U IT  &  C A B L IN G  R E M O V E P I 3 .0 0 0 Y (X ,Y ) Y (X ,Y ) Y
6 9 0 9 1 S IG N A L  IN T E R C O N N E C T  C A B L E  R E M O V E L F 8 4 9 0 .0 0 0 Y (X ,Y ) Y (X ,Y ) Y
6 9 0 1 0 0 S IG N A L  E Q U IP M E N T  M IS C E L L A N E O U S  R E M O V E P I 3 .0 0 0 Y (X ,Y ) Y (X ,Y ) Y
6 9 9 1 1 S IG N , IN T E R N A L  IL L U M  (S T  N A M E ) E A 1 1 .0 0 0 Y (X ,Y ) Y (X ,Y ) Y
7 0 0 4 8 1 8 S IG N  P A N E L S  (F & I)  (  1 5  O R  <  ) E A 1 .0 0 0 Y (X ,Y ) Y (X ,Y ) Y
7 0 0 4 8 6 0 S IG N  P A N E L S  (R E M O V E ) E A 1 2 .0 0 0 Y (X ,Y ) Y (X ,Y ) Y
7 4 1 7 0 1 1 1 T M S  V E H IC L E  S E N S O R  (C L A S S  II)  (F & I)  (T Y P  I)  (  1 /2  L N ) E A 1 3 .0 0 0 Y (X ,Y ) Y (X ,Y ) Y
7 4 4 7 0 3 2 T M S  S O L A R  P O W E R  U N IT  ( IN S T A L L )  (E X IS T IN G  P O L E ) E A 1 .0 0 0 Y (X ,Y ) Y (X ,Y ) Y
7 4 5 7 0 1 2 T M S  IN D U C T IV E  L O O P  A S S E M  (F & I)  (  2  L O O P S /L N ) A S 1 3 .0 0 0 Y (X ,Y ) Y (X ,Y ) Y
7 4 6 7 1 1 3 2 T M S  C A B IN E T  (F & I)  (T Y P E  III)  (P E D E S T A L ) (  2  B A C K P L A N E ) E A 2 .0 0 0 Y (X ,Y ) Y (X ,Y ) Y
7 4 6 7 3 1 1 1 T M S  C A B IN E T  ( IN S T A L L ) (T Y P E  II I)  (B A S E  M O U N T ) (  1  B A C K E A 1 .0 0 0 Y (X ,Y ) Y (X ,Y ) Y

IT E M  N U M B E R
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Table 1.6 Evaluation of SR 817 Contract Pay Items for Relevance of Spatial Data (Landscape/Peripheral Items) 

 
 
 
Table 1.7 Summary Evaluation of SR 817 Contract Pay Items for Relevance of Spatial Data (By Pay Item Categories) 
 

 
 
 
 
 
 
 

IT E M  D E S C R IP T IO N U N IT S Q U A N T IT Y

 IS  S P A T IA L  
L O C A T IO N  D A T A  
R E L E V A N T  F O R  
P A Y  IT E M ?  (Y /N )

T Y P E  O F  
S P A T IA L  D A T A  
N E E D E D  F O R  

L O C A T IO N

 IS  S P A T IA L  D A T A  
R E L E V A N T  F O R  

Q U A N T IT IE S  (G P S  
M E A S U R A B L E )?  

(Y /N )

T Y P E  O F  S P AT IA L 
D A T A N E E D E D  

F O R  Q U AN T IT IE S

C A N  S P A T IA L  
D A T A  B E  U S E D  
D IR E C T L Y  F O R  

Q U A N T IT Y  
U N IT S

5 2 6 1 1 P A V E R S , A R C H IT E C T U R A L  (R O A D W A Y ) S Y 5 5 2 .0 0 0 Y (X ,Y ) Y (X ,Y ) Y
5 7 0 3 S E E D  G R A S S  (P E R M A N E N T  T Y P E ) L B 6 .2 1 0 N N
5 7 0 9 W A T E R  F O R  G R A S S M G 2 .3 2 0 N N
5 7 0 1 2 S E E D  W IL D F L O W E R L B 0 .0 1 5 N N
5 7 1 1 1 3 P L A S T IC  E R O S IO N  M A T  (T R M ) (T Y P E  3  ) S Y 3 2 1 4 .0 0 0 Y (X ,Y ) Y (X ,Y ) Y
5 8 0 3 2 7 1 T R E E  R E L O C A T IO N  (P A L M ) E A 2 0 .0 0 0 Y (X ,Y ) Y (X ,Y ) Y
5 8 0 3 2 7 2 S M A L L  T R E E , S H R U B S , G R O U N D  C O V E R  R E L O C A T IO N E A 8 .0 0 0 Y (X ,Y ) Y (X ,Y ) Y
5 8 0 3 4 0 1 T R E E  P R O T E C T IO N  (B A T T E R B O A R D ) L F 9 8 4 .0 0 0 Y (X ,Y ) Y (X ,Y ) Y
5 8 2 2 S H R U B S  ( 1 0 " T O  1 8 " H E IG H T  O R  S P R E A D ) P L 8 4 3 1 .0 0 0 Y (X ,Y ) Y (X ,Y ) Y
5 8 2 3 S H R U B S  ( 1 9 " T O  7 ' H E IG H T  O R  S P R E A D ) P L 9 0 .0 0 0 Y (X ,Y ) Y (X ,Y ) Y
5 8 3 4 T R E E  ( 8 ' T O  2 0 ' H E IG H T  O R  C L E A R  T R U N K ) P L 1 9 1 .0 0 0 Y (X ,Y ) Y (X ,Y ) Y
5 8 4 4 P A L M S  S IN G L E  T R U N K  ( 8 ' T O  2 0 ' H E IG H T  O R  C L E A R  T R U N K ) P L 1 0 8 .0 0 0 Y (X ,Y ) Y (X ,Y ) Y
5 9 0 7 0 IR R IG A T IO N  S Y S T E M L S 1 .0 0 0 Y (X ,Y ) N (X ,Y ) Y
9 0 2 5 7 6 2 P E R F O R M A N C E  S O D D IN G S Y 9 6 7 0 .0 0 0 Y (X ,Y ) Y (X ,Y ,Z ) Y

IT E M  N U M B E R

PAY ITEM CATEGORY (NO. OF ITEMS)

IS SPATIAL 
LOCATION 

DATA 
RELEVANT 
FOR PAY 

ITEM? %(YES)

 NEED 
LOCATION FOR 

PAY ITEM? 
%(NO)

GPS MEAS. ITEMS 
-- (X,Y) DATA 

ADEQUATE FOR 
LOCATION? 

%(YES)

DATA NEEDED 
FOR LOCATION 

%(X,Y,Z)

 SPATIAL DATA 
RELEVANT FOR 

QUANTITIES (GPS 
MEASURABLE)? 

%(YES)

 SPATIAL DATA 
RELEVANT FOR 

QUANTITIES (GPS 
MEASURABLE)? 

%(NO)

GPS MEAS. ITEMS -- 
(X,Y) DATA 

ADEQUATE FOR 
QUANTITY? %(YES)

GPS MEAS. ITEMS -- 
(X,Y,Z) DATA 
NEEDED FOR 

QUANTITY? %(YES)
ROADWAY (83) 92.8 7.2 100.0 0.0 92.8 7.2 90.9 9.1
SIGNING (14) 100.0 0.0 100.0 0.0 92.9 7.1 92.9 7.1
LIGHTINGS (19) 100.0 0.0 100.0 0.0 100.0 0.0 94.7 5.3
SIGNALIZATION (50) 100.0 0.0 100.0 0.0 100.0 0.0 100.0 0.0
LANDSCAPE / PERIPHERAL (14) 78.6 21.4 100.0 0.0 90.9 9.1 90.9 9.1
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Figure 1.6 Overall Evaluation of SR 817 Contract Pay Items for Relevance of Spatial Location Data 
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Figure 1.7 Evaluation of SR 817 Contract Pay Items (GPS Measurable Items) for Relevance of Spatial 
Location Data 
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2. Methodology and Development of GPS/GIS Tools 

The overall data flowchart, the concepts employed, and utilization of modern devices are 
described in this section of the report.  Starting with the choice of GPS receiver, accuracy issues 
are very relevant to the proposed methodology.  It was necessary to establish the GPS 
configuration for the acquisition of spatial data, including hardware specifications and data error 
correction methods. The compatibility of CAD documents with GIS basemaps is also important 
for comparison of field data with the original design, including the establishment of the geo-
referencing methods for FDOT engineering plans; and creating a relational database structure for 
both spatial and construction attribute data.  
 
2.1 Overall Framework 
Based on the original plans and specifications, along with the engineer’s estimate of quantities and 
bid data, a baseline database can be generated both spatially and in attribute form. FDOT’s 
Microstation (GEOPAK) drawings can be converted into GIS basemaps, with correction to the 
proper projections. As the project progresses, GPS receivers with sub meter accuracy can be used 
to capture location data (x, y, z coordinates), at each point or linear sections on the site, as well as 
the construction data. Differential correction through real-time and post-processing of the GPS data 
will improve the accuracy of the location points. The GPS receiver is capable of creating 
dictionaries to capture this data and also doing the differential correction.  Database can be 
developed to store both the spatial and attribute data, as well as digital photographs of the various 
inspected locations.   In addition to being able to capture the updated data of the construction 
process, spatial analyses can be done to compute pay item quantities and costs for the contractor, 
e.g., earthwork quantities, length of pipe, length of stripping, etc. An as-built documentation of the 
construction project can also be effectively and accurately accomplished using the proposed tools.  
 
The efficiency of the proposed system depends to a great extent, on the accuracy of the GPS 
receiver, ranging from the recreational or low-cost receivers (less than $500), to medium-price 
mapping grade GPS (about $4,000), to the high-end survey-grade GPS receivers ($over $45,000). 
The three types were utilized in this study, with the first type low-cost GPS evaluated rigorously 
for its accuracy. The mapping grade GPS was used extensively for collecting most of the data 
while the expensive grade was utilized for the pilot study with the Bentley’s Construction 
Inspector. The choice of the mapping grade GPS was based on a preliminary analysis of data 
collected early in the study; it has many enhancements in terms of custom data collection forms, 
ease of data correction for errors, and the flexibility of exporting data collected in various formats. 
Figure 2.1 shows the three types of GPS receivers. 
 
As shown in Figure 2.2 the proposed flow of data is indicated, where a generic or low-cost GPS 
data can be used to collect data (Option 1) but has to be corrected for large errors. The second 
option involves using a more accurate GPS receiver, capable of generating corrected data in 
flexible formats such as Microsoft Access database tables. Either option will have the GPS position 
data processed in a set of computer programs written in the Microsoft Visual Basic language. This 
component also includes the GIS programs. These computer programs will both generate reports 
for the user and create an interface with the AASHTO SiteManager. The report will be in the forms 
of spatial (maps), tabular, and graphs. The Interface will be through provision of basic Microsoft 
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Access tables, development of XML or application extension or dynamic link libraries (dll) files 
for the SiteManager software. 
 
 
 

a. Low-cost GPS Receiver   b. Mapping Grade GPS Receiver 
 
 

   c. High-end Survey Grade GPS Receiver 
 
Figure 2.1 Illustrations of GPS Receivers 



Final Report  Page No. 22 
 

 
 
 
 

 

 
 
 
 

 
 
Figure 2.2 Overall Flowchart of Data in the Proposed GPS/GIS Tools 
 
 
2.2 CAD/GIS Interoperability 
As mentioned earlier, the GIS basemaps will serve as a background for the GPS-collected field 
data. The GPS and GIS work together so well, with the latter providing the medium to show the 
former. The original CAD data can be used directly or converted into an accepted format of GIS 
basemap in various shapefiles. The ESRI ArcGIS shapefile format was adapted for this study 
based primarily on its FDOT-wide use and the industry-wide acceptance. As shown in Figure 
2.3, the original CAD data in Microstation comes with an already-established referenced 
coordinate system; this makes it very convenient to use the CAD data for geospatial purposes. 
Figure 2.4 shows an ESRI shapefile converted from a CAD data (around the same area as the 
Figure 2.3 features), with the orientation on the shapefile being now in the North-south direction. 
 
In addition to direct conversion from CAD to ESRI shapefiles in the ArcGIS environment, 
custom computer programs were also developed in the Microsoft Visual Basic 6 Language, to 
open and view shapefiles or the original design drawings.  In both cases, an inspected pay item’s 
spatial data can be superimposed on the on the original location of the pay item on the 
engineering plans. This is demonstrated later in this report. 
 
 

GPS 
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Data Tables

OPTION 1
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AASHTO
SiteManager®
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Access Tables

•Tabular Reports
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• Spatial Reports

Microsoft
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Figure 2.3 Microstation CAD Data with Established Coordinate System 
 
 

 
Figure 2.4 Microstation CAD Data Converted to ESRI Shapefile 
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2.3. GPS Data Requirements 
The mapping grade GPS receiver used was the Trimble’s GeoXT with the TerraSync data 
collection software, and Pathfinder Office Software for data processing. The data collection 
comprises two stages: office preparation; field data collection and data processing. 
 
2.3.1 Office preparation 
 The first task is to use the Trimble Pathfinder Office to create a GPS project, including a data 
dictionary. The latter is a data entry form that is established and can be viewed on the 
construction site when GPS readings are being taken. While the GPS receiver is recording the 
position data, the dictionary forms elicit and stores predefined attributes desired for the feature 
being inspected. Figures 2.5 and 2.6 show sample forms created for collecting various features 
(for construction pay items) on the SR 817 construction project.  Based on geometry, GPS 
position data are recorded for three types of features – point, linear, or area feature. For 
construction inspection, point features represent pay items where only one (X, Y) coordinate is 
enough to locate the constructed item, e.g., traffic signal poles, signs, etc., typically with 
measuring units of EA or each. Linear items will include pay items such as curb and gutter, 
traffic stripes, drainage pipes, etc., while pay items based on area will include asphalt concrete 
work, concrete sidewalk, landscaping, etc. Combination of X, Y coordinates are required for 
linear and area items, with the latter requiring a closure of the points. The pay items measured by 
volume will be computed based on a combination of the area measure and the depth obtained 
from the GPS elevation readings.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 a. Top of Pay Item Listing   b. Bottom of Pay Item Listing 
Figure 2.5. Predefined Inspection Forms on GPS Receiver Listing Pay Items 
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a. Pay Item No. 102-61 Business Signs b. Pay Item No. 285-715 Base Optional 
Figure 2.6. Predefined Inspection Forms on GPS Receiver for Specific Pay Items 
 
 
Also, the GPS receiver has to be checked and set up in terms of the error levels permitted (filter 
criteria) in the field, the data correction methods, the coordinate system of the proposed data, etc. 
The battery level of the GPS receiver should be fully charged. At this stage, an existing GIS 
layer such as the pertinent project drawing or aerial image can be uploaded into the receiver, for 
viewing as background during data collection in the field. 
 
2.3.2. Field Data Collection and Data Processing 
Once out in the field, it is necessary to have the GPS receiver at a location with a clear view of 
the sky. Depending on the sophistication of the receivers, blocking or weakening of the GPS 
satellite signals may be caused by tall buildings, heavy tree cover, very large vehicles, or 
powerful electromagnetic fields. First check the GPS to see the satellites being tracked by the 
receiver, and those identified as being used to calculate the position.  On the Terrasync’s Skyplot 
screen, the satellites’ geometry is shown as well as the computed position coordinates, including 
each satellite’s elevation above the horizon, and the Position Dilution of Precision (PDOP) value. 
A minimum of four satellites is needed to compute 3D GPS positions, as well as a good 
geometry (relative location) of the satellites.  
 
The quality of the GPS data can be described in terms of two compromising factors: productivity 
and precision. The productivity means collecting data fast, with less accuracy while precision 
implies collected very accurate data but setting GPS to wait for more time to ensure appropriate 
satellite signal and configuration. A low PDOP value implies wide separation between the 
satellites in view, which translates to better position information. The default PDOP is 6 on the 
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Trimble receiver but it can set using a slider control. The low PDOP set means fewer but more 
precise location positions. In construction inspection, the particular pay item will suggest level of 
precision or productivity to use. For example, recording positions of signs, poles, etc, may not 
require precision but sidewalk dimensions, volume measures of excavation, and length of curb 
and gutter, may require less productivity but more precision. But again, if the spatial location of 
the pay item is important, i.e., when plotted on the original drawing, then precision should be a 
priority. The Signal to Noise Ratio (SNR) is a measure of the satellite signal, its value can be set 
to a minimum; for the Trimble receiver, and the default is 4., i.e., below this value, the receiver 
will not use that particular satellite to calculate position. The minimum elevation, with default of 
15 degrees in the Trimble receiver, also indicates the quality of satellite signal; satellites with 
low elevation from the horizon can indicate poor quality of data transmitted.  
 
The GPS data is recorded for point features by collecting and averaging positions as you remain 
at the point. For linear features, GPS positions are recorded at various points on the line as you 
move with the receiver. It is advised that you remain stationary at pertinent points, such as 
vertices, to ensure accurate capture of the point. The GPS positions for area features are collected 
in a similar fashion to the linear features, and the points are connected to from the area boundary, 
with the last point connected to the first point. 
 
By default, the GPS receiver will use latitude – longitude measure (along earth spherical surface) 
to record the positions in degrees, minutes, and seconds. The coordinate system should be set on 
the GPS receiver to the appropriate projection; a projection means “flattening” the earth 
spherical surface such that the (X, Y, Z) coordinates can be measured and used for arithmetic 
computations. There are various projection systems for different areas of the earth. The common 
projected coordinate systems in Florida are the UTM (statewide) and the State Plane systems 
(regional). A review of the project plans will show the appropriate coordinate system, as 
indicated on the survey work done for the project. Even the electronic CAD file should indicate 
the projected coordinate system. This is very important for the transfer of the recorded GPS 
positions to the original project plans.  
 
The GPS position recorded is subject to various errors, thereby lowering the accuracy. The major 
types of GPS errors include orbit errors, effect of earth atmosphere, and difference in timing in 
the satellites and the receivers. A suitable way of removing these errors is the differential 
correction method, leading to the term Differential GPS or DGPS. This is discussed later in this 
report. For the DGPS, the data collected simultaneously by a GPS receiver at a known location 
(known X, Y, Z values) or base, can be used to correct the data collected by a GPS receiver or 
rover, at another location, with the father the distance between the points, the lesser the 
correction efficiency. The DGPS correction can be done real-time, as the data is collected, or 
done in a post-processing manner, after the data is downloaded. To implement the differential 
correction, the base is typically located among various reference stations available to the public 
in the United States, including the FDOT Reference Stations, the Continuously Operating 
Reference Stations (CORS) and several other community reference stations. For highway 
construction projects, the survey efforts will produce a survey control network, consisting of 
several points with the known (X, Y, Z) coordinates; these points will serve as excellent base 
stations. For the SR 817 project, the survey control network is shown in Figure 2.7. With 
significant assistance from FDOT District 4 Survey Office, two of these survey control points 
(labeled HBLC1 And HBLC3 In Figure 2.7) were located on the construction site.  
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 Figure 2.7. Project Network Control Locations as Shown on Engineering Plans (HBLC1 And HBLC3 Identified) 
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 Figure 2.8. Project Network Control Data as Shown on Engineering Plans
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2.4. GPS/GIS Data Processing and SiteManager Interface 
As shown in Figure 2.1, two of the GPS receivers employed in the GPS/GIS study included the  
“low cost” and mapping grade receivers. The data inputs and processing are summarized in the 
following Figures 2.9 to 2.14. 
 

 
Figure 2.9. Trimble-Enabled GPS Data Processing/Transfer 
 
The GPS data, including some quantities, can be collected through a single-step batch process in 
the GeoXT and Pathfinder software (Figures 2.10 and 2.11). Alternatively, the receiver can 
collect the pertinent geometry points, and the quantities calculated in a custom Computer 
Program as described later in this report. The data were stored in Microsoft Access tables and 
called into the computer programs, where some analyses are done, including calculation of the 
quantities.  
 
Also an interface was developed between the GPS/GIS computer programs and the AASHTO’s 
Sitemanager. As shown in Figures 2.13 and 2.14, the primary fields are the Contract ID, Date of 
inspection, and the Pay item number. These three attributes are utilized from the GPS/GIS tools 
to link the Sitemanager’s Daily Work Report (DWR) module. Once contact is made, then the 
quantity filed of the DWR is populated with the data (calculated quantity) sent from the 
GPS/GIS tools program. The process described above was done for the mapping grade GPS 
receiver. The equivalent process for a low-cost GPS receiver is shown in Figure 2.14. 
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Figure 2.10. Trimble-Enabled GPS Correction (Single-Step Data Processing) 
 

 
Figure 2.11. Trimble-Enabled GPS Correction (Projected Coordinate System) 
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Figure 2.12. Trimble-Enabled GPS – SiteManager Interface Data Flow 
 
 

 
Figure 2.13. Interaction Between the GPS/GIS Tools and the AASHTO SiteManager Program 
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Figure 2.14. “Low Cost” GPS Data Processing and Interface with SiteManager 
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2.5. Summary 
The overall data flow among components of the proposed GPS/GIS tools has been described in 
this section, as well as the interface with the AASHTO SiteManager. Three types of GPS 
receivers are presented as options for data collection, with the major differences being the prices 
of the receivers, and also their capabilities. It is noteworthy to mention that each construction 
project has a set of survey control points. These points are extremely valuable for differential 
GPS, i.e., using getting very accurate GPS readings for applications on the project. The 
following section presents the data collection efforts with the receivers and the results. 
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3. Data Collection and Analyses 

Based on the methodology described earlier, some procedures and computer programs were 
developed for the GPS/GIS tools. It was also necessary to collect field data from the pilot 
project. The data collection efforts, the challenges and the overall results are discussed in this 
section.  Also presented is the demonstration of the developed tools and commercial software in 
the display of the collected data. 
 
3.1 GPS Data Collection 
Several attempts were made for site visits to take GPS measurements during the active project 
duration, but due to many interruptions by weather (heavy rains and hurricanes), only three of such 
visits will be discussed here. Actually, only two of the visits were productive in terms of data 
collection. First on February 11, 2005, as discussed earlier in section 1 of the report, during the 
project kickoff, some data were collected at the north end of the project, near Broward Mall, from 
approximately station 124+50 to station 131+00. Also on August 18, 2005, an attempt was made 
on a differential GPS data collection, involving the use of a rover GPS receiver and the setup of a 
reference GPS base station at the project control point HBLC3. The process was going fine for a 
few minutes until a heavy rainfall ended it. The last site visit on November 10, 2005 was used to 
collect data near the south end of the project, approximately between station 85+50 and station 
96+00.  
 
The collected data will be presented to include the following: background data as retrieved from 
the contract documents, mostly the plans and inspector’s diaries; site pictures; and the GPS data for 
both cases of the Trimble GeoXT receiver and the Teletype GPS receiver, including some 
analyses. The GIS basemap projection of these field data will also be shown, relative to the original 
basemap (plans) for the project.  
 
The uncorrected and corrected GPS data are shown in Figure 3.1 and Table 3.1 for Pay Item No. 
522-1 “Sidewalk Conc. 4 in.” measured during the first site visit, on Feb. 11, 2005, near the 
Broward Mall (north end of the project). The relevant portions of the original drawings are shown 
in Figure 3.2 with the sidewalk circled out here for identification. Only the GeoXT receiver was 
used here to collect data on three pay items: the sidewalk; signs; and the Curb and Gutter Conc. 
Type F. Figures 3.3 to 3.6 show some site pictures for the pay items. For comparison purposes, the 
construction inspector’s diary daily (hard copy) entries were also reviewed and shown in Figures 
3.7 and 3.8 for some of the GPS-measured pay items. The data collected during the site visit of 
November 10, 2005 are similarly demonstrated in Figures 3.9 to 3.18 and Tables 3.3 to 3.6.  
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 a. Raw GPS Data: Conc. Sidewalk b. Corrected GPS Data: Conc. Sidewalk 
Figure 3.1. Trimble-Enabled GPS Correction (Reduced Errors) 
 
 
 
 
Table 3.1 GeoXT GPS Corrected Positions for Sidewalk Near Broward Mall (Feb. 11, 2005) 
Position_ID Easting Northing GPS Area GPS Perimeter 

1 901418.1 650121.735 944.4675281 258.8601363 
2 901417.8 650121.427 944.4675281 258.8601363 
3 901416.5 650121.928 944.4675281 258.8601363 
4 901419.7 650110.727 944.4675281 258.8601363 
5 901426.1 650091.498 944.4675281 258.8601363 
6 901430.9 650078.189 944.4675281 258.8601363 
7 901435.5 650063.217 944.4675281 258.8601363 
8 901441.6 650047.626 944.4675281 258.8601363 
9 901436.2 650037.779 944.4675281 258.8601363 

10 901432.1 650032.939 944.4675281 258.8601363 
11 901442.8 650034.307 944.4675281 258.8601363 
12 901447.5 650018.06 944.4675281 258.8601363 
13 901452.7 650011.32 944.4675281 258.8601363 
14 901451.9 650029.33 944.4675281 258.8601363 
15 901447.8 650043.669 944.4675281 258.8601363 
16 901443.4 650060.976 944.4675281 258.8601363 
17 901440.3 650075.802 944.4675281 258.8601363 
18 901431.3 650107.579 944.4675281 258.8601363 
19 901426.1 650124.28 944.4675281 258.8601363 
20 901418.1 650121.735 944.4675281 258.8601363 
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Figure 3.2. Engineering Plans Portions showing Inspected Pay Items (Feb. 11, 2005 - Approx. STA 124+50 to STA 131+00 End of Project) 
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 Figure 3.3 Pay Item No. 522-1 “Sidewalk 4in.” (Near Broward Mall) GPS-Measured on Feb. 11, 
2005: Southbound View, Showing part of Pay items 520-1-10 “Curb & Gutter Conc. Type F” 
 

 
Figure 3.4 Pay item 520-1-10 “Curb & Gutter Conc. Type F with Signs and Light Poles GPS-
Measured on Feb. 11, 2005: Southbound View 
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Figure 3.5 Light Pole and Part of Pay Item No. 522-1 “Sidewalk conc. 4in.” GPS-Measured on 
Feb. 11, 2005: Southbound View 
 

 
Figure 3.6.  Pay Item No. 520-1-10 “Curb & Gutter Conc. Type F with Signs and Light Poles 
GPS-Measured on Feb. 11, 2005: Northbound View 
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igure 3.7 Inspector’s Recorded Quantity  (522-1 “Sidewalk 4in.”) Showing Work GPS-F
Measured on Feb. 11, 2005. 
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igure 3.8. Inspector’s recorded quantity  (520-1-10 “Curb & Gutter Conc. Type F.”) showing 
ork GPS-Measured on Feb. 11, 2005. 
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Figure 3.9. Engineering Plans Portions showing Inspected Pay Items (Nov. 10, 2005 - Approx. STA 85+50 to STA 96+00) 
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Table 3.2 Plans Estimated Quantities by Location for Selected Curb and Gutter pay items  

*Item No. 25 Measured with GPS on Site visit Nov. 10, 2005 
 

5  520-1-10 Curb & Gutter Conc (Type F) 54+99.37 19 RT 56+90.52 1 0
6  520-1-10 Curb & Gutter Conc (Type F) 55+38.51 56.77 RT 62+50.5 6 0
7  520-1-10 Curb & Gutter Conc (Type F) 54+99.46 57.42 RT 55+02.51 57.37 RT 0
8  520-1-10 Curb & Gutter Conc (Type F) 56+83.62 48.65 LT 60+53.88 48.51 LT 3 0
9  520-1-10 Curb & Gutter Conc (Type F) 57+94.23 0.41 RT 62+10.00 4 0

10  520-1-10 Curb & Gutter Conc (Type F) 62+82.99 72.86 LT 67+15.07 107.6 LT 4 0
11  520-1-10 Curb & Gutter Conc (Type F) 62+21.12 66+95.79 12.77 LT 4 0
12  520-1-10 Curb & Gutter Conc (Type F) 62+62.17 65+57.84 47.22 RT 3 0
13  520-1-10 Curb & Gutter Conc (Type F) 67+79.83 67+49.23 106.5 LT 0
14  520-1-10 Curb & Gutter Conc (Type F) 69+44.13 99.27 LT 67+79.58 68.74 LT 1 0
15  520-1-10 Curb & Gutter Conc (Type F) 69+88.68 99.27 LT 70+18.68 70 LT 5
16  520-1-10 Curb & Gutter Conc (Type F) 67+85.22 68+59.93 19.6 LT 0
17  520-1-10 Curb & Gutter Conc (Type F) 71+55.02 74+26.03 3 0
18  520-1-10 Curb & Gutter Conc (Type F) 73+1.00 74+19.77 1 0
19  520-1-10 Curb & Gutter Conc (Type F) 75+19.47 78+11.96 66.5 LT 3 0
20 20-1-10 Curb & Gutter Conc (Type F) 75+15.92 77+89.27 49 RT 350
21 20-1-10 Curb & Gutter Conc (Type F) 78+61.96 54.5 LT 80+14.92 82.91 LT 200
22  520-1-10 Curb & Gutter Conc (Type F) 78+80.00 3.5 RT 85+25.74 14.5 .5 630
23  520-1-10 Curb & Gutter Conc (Type F) 83+82.50 62.5 LT 85+25.23 270
24  520-1-10 Curb & Gutter Conc (Type F) 85+49.66 54.5 LT 26+84.18 260
25  520-1-10 Curb & Gutter Conc (Type F) 85+89.34 94+89.54 930
26  520-1-10 Curb & Gutter Conc (Type F) 85+34.85 7.5 LT 90+60.00 17.5 LT 500
27  520-1-10 Curb & Gutter Conc (Type F) 95+28.03 95+59.67 126
28  520-1-10 Curb & Gutter Conc (Type F) 95+92.00 104+32.02 102.42 LT 966
29  520-1-10 Curb & Gutter Conc (Type F) 95+97.68 3.5 LT 104+26.60 14.51 LT 810
30  520-1-10 Curb & Gutter Conc (Type F) 104+98.84 101.57 LT 109+33.22 100 LT 590
31  520-1-10 Curb & Gutter Conc (Type F) 104+40.64 7.5 RT 105+90.34 17.52 LT 150
32  520-1-10 Curb & Gutter Conc (Type F) 106+42.00 59.5 RT 109+40.91 65 RT 330
33  520-1-10 Curb & Gutter Conc (Type F) 109+97.01 100 LT 117+68.64 818
34  520-1-10 Curb & Gutter Conc (Type F) 110+07.93 2.06 RT 117+60.00 14.5 LT 750
35  520-1-10 Curb & Gutter Conc (Type F) 109+84.88 73.22 RT 110+61.24 100
36  520-1-10 Curb & Gutter Conc (Type F) 118+21.05 124+22.81 684
37  520-1-10 Curb & Gutter Conc (Type F) 117+75.08 7.5 RT 122+18.78 8.07 RT 470
38  520-1-10 Curb & Gutter Conc (Type F) 122+56.89 7.76 RT 126+0.375 19 LT 340
39  520-1-10 Curb & Gutter Conc (Type F) 124+43.65 100 LT 124+87.29 70 LT 120
40  520-1-10 Curb & Gutter Conc (Type F) 124+74.08 130+53.03 55.47 LT 580

No. Pay Item No. Item Description StaFrom StaFromOffset StaFromOffSetSide StaTo StaToOffset StaToOffSetSide EstPlanQuantit
1  520-1-10 Curb & Gutter Conc (Type F) 52+11.61 49.59 LT 52+39.40 73.92 LT 0
2  520-1-10 Curb & Gutter Conc (Type F) 52+89.51 68.57 LT 53+09.52 54.72 LT 0
3  520-1-10 Curb & Gutter Conc (Type F) 52+11.35 52.7 LT 52+32.35 52.71 LT 5
4  520-1-10 Curb & Gutter Conc (Type F) 54+99.37 51.96 LT 56+56.92 48.66 LT 1 0

y
6
3
2
8
8
9
1
6
2
7
7
0
7
9
4
8
1
7
4

 5
 5
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*Item No. 16 and 17 Measured with GPS on Site visit Nov. 10, 2005 
 
 

Table 3.3 Plans Estimated Quantities by Location for Selected Sidewalk pay items 

No. Pay Item No. Item Description StaFrom StaFromOffset StaFromOffSetSide StaTo StaToOffset StaToOffSetSide EstPlanQuantity Remarks
1  522-2 Sidewalk Conc 6" 55+13.95 238.21 LT 66+96.47 62.23 LT 823.3
2  522-2 Sidewalk Conc 6" 54+99.60 55+17.60 26.7
3  522-2 Sidewalk Conc 6" 66+00.00 67+40.00 94.7
4  522-2 Sidewalk Conc 6" 67+58.09 67+92.66 40.0
5  522-2 Sidewalk Conc 6" 69+00.39 69+14.84 69.89 LT 21.3
6  522-2 Sidewalk Conc 6" 70+01.06 75.86 LT 72+14.72 75 LT 141.3
7  522-2 Sidewalk Conc 6" 74+11.42 74+10.88 106.95 LT 13.3
8  522-2 Sidewalk Conc 6" 73+77.04 74+18.41 80.0
9  522-2 Sidewalk Conc 6" 75+26.93 78+12.67 74.5 LT 246.7
10  522-2 Sidewalk Conc 6" 75+23.92 77+54.98 200.0
11  522-2 Sidewalk Conc 6" 78+61.96 54.5 LT 80+15.31 54.5 LT 100.0
12  522-2 Sidewalk Conc 6" 83+82.50 85+34.80 70 LT 120.0
13  522-2 Sidewalk Conc 8" 85+34.80 66.5 LT 85+23.22 70 LT 81.8
14  522-2 Sidewalk Conc 6" 86+03.60 73.25 LT 86+42.95 33.3
15  522-1 Sidewalk Conc 4" 87+20.00 49.5 LT 87+70.00 49.5 LT 26.7
16  522-1 Sidewalk Conc 4" 92+69.54 76.5 LT 93+69.54 76.5 LT 106.7
17  522-1 Sidewalk Conc 4" 94+64.31 94+84.56 0.3
18  522-1 Sidewalk Conc 4" 94+41.00 95+76.64 62.2
19  522-2 Sidewalk Conc 6" 96+35.49 66.5 LT 96+46.51 32.0
20  522-2 Sidewalk Conc 6" 103+89.36 104+30.64 88.19 LT 29.3
21  522-2 Sidewalk Conc 8" 107+44.08 107+50.34 76.5 LT 13.3
22  522-2 Sidewalk Conc 6" 107+50.34 76.5 LT 108+00.00 76.5 LT 53.3
23  522-2 Sidewalk Conc 6" 108+00.00 76.5 LT 108+82.49 62.5 LT 53.3
24  522-2 Sidewalk Conc 6" 108+89.62 109+26.59 80.33 LT 80.0
25  522-2 Sidewalk Conc 6" 106+01.18 109+30.84 64.79 RT 242.2
26  522-1 Sidewalk Conc 6" & 8" 109+93.55 55.5 RT 115+90.00 400.0
27  522-2 Sidewalk Conc 6" 110+27.43 66.5 LT 110+62.00 45.3
28  522-2 Sidewalk Conc 6" 117+28.00 117+63.58 71.37 LT 24.0
29  522-1 Sidewalk Conc 4" 117+86.65 74.55 LT 117+98.05 68.5 LT 3.6
30  522-2 Sidewalk Conc 6" 118+32.40 73 LT 118+69.89 26.7
31  522-4 Sidewalk Conc 8" 122+04.56 69.49 LT 123+04.54 73.57 LT 94.2
32  522-2 Sidewalk Conc 6" 124+36.00 70 LT 124+52.16 70 LT 3.6
33  522-2 Sidewalk Conc 6" 125+08.95 68 LT 125+31.22 26.7
34  522-2 Sidewalk Conc 8" 128+48.03 70.97 LT 129+68.03 70.97 LT 112.0
35  522-2 Sidewalk Conc 5" 128+73.03 78.97 LT 128+78.03 78.97 LT 183.1
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easured Pay items on Nov. 10, 2005: 
 

Figure 3.10 Southbound View of GPS-measured Pay items on Nov. 10, 2005:  
 
 

 
Figure 3.11 Northbound View of GPS-m
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SuperPave
 

igure 3.13. Pay Item No. 334-1-12 “SuperPave rebuild” GPS-measured on Nov. 10, 
005: Northbound View 

Figure 3.12. Pay Item No. 522-1 “Sidewalk Conc. 4 in” near the Pay Item 334-1-12 
 rebuild” GPS-measured on Nov. 10, 2005: Southbound View “

F
2
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Figure 3.15 Pay Item
2005: Northbound View 

 

Figure 3.14 Pay item No. 520-1-10 “Curb & Gutter Conc. Type F” GPS-measured on
Nov. 10, 2005: Southbound View 
 

 No. 522-1 “Sidewalk Conc. 4 in.”” GPS-measured on Nov. 10, 
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Figure 3.16. Inspector’s recorded quantity  (520-1-10 “Curb & Gutter Conc. Type F.”) showing Work GPS-Measured on Nov. 10, 2005. 
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Figure 3.17. Inspector’s recorded quantity  (522-1 “Sidewalk 4 in.”) showing Work GPS-Measured on Nov. 10, 2005.
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Table 3.4 State Plane Coordinates SR 817 Sidewalk GPS Data with GeoXT GPS Receiver 
Position_ID Easting Northing Elevation Latitude Longitude 

1 902113.10 646629.17 3.11 26.110694000 -80.250515000
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

2 902113.01 646629.11 3.43 26.110694000 -80.25051500
3 902111.75 646629.78 5.46 26.110695000 -80.25051700
4 902112.97 646631.54 5.60 26.110702000 -80.25050800
5 902112.22 646630.66 6.23 26.110699000 -80.25051000
6 902111.91 646630.47 5.82 26.110698000 -80.25051200
7 902111.83 646630.59 6.57 26.110697000 -80.25051200
8 902111.13 646630.83 7.23 26.110697000 -80.25051200
9 902110.74 646630.86 7.81 26.110697000 -80.25051200
10 902115.97 646629.46 8.21 26.110694000 -80.25050000
11 902115.92 646629.96 6.18 26.110694000 -80.25050100
12 902115.54 646630.22 5.16 26.110694000 -80.25050400
13 902116.61 646630.68 1.86 26.110694000 -80.25050300
14 902117.45 646631.13 -0.86 26.110695000 -80.25050200
15 902117.20 646626.56 -0.18 26.110685000 -80.25050100
16 902119.28 646615.45 -3.09 26.110648000 -80.25049800
17 902118.62 646601.42 0.76 26.110612000 -80.25049600
18 902118.84 646589.58 -2.44 26.110583000 -80.25049600
19 902118.25 646577.13 -4.42 26.110547000 -80.25049600
20 902118.36 646563.96 -3.90 26.110511000 -80.25049400
21 902118.41 646551.67 -3.45 26.110476000 -80.25049400
22 902119.57 646538.57 -4.22 26.110442000 -80.25049300
23 902116.52 646531.36 -3.67 26.110424000 -80.25049400
24 902113.72 646533.37 -4.73 26.110425000 -80.25051300
25 902111.53 646536.15 1.62 26.110436000 -80.25051900
26 902112.95 646535.49 5.73 26.110438000 -80.25052100
27 902102.75 646537.12 11.67 26.110437000 -80.25054800
28 902095.67 646535.92 7.82 26.110437000 -80.25057300
29 902091.78 646541.70 19.04 26.110450000 -80.25057600
30 902094.22 646544.44 13.67 26.110453000 -80.25057200
31 902101.64 646542.51 7.29 26.110453000 -80.25054600
32 902110.87 646541.92 2.18 26.110455000 -80.25052200
33 902111.64 646548.06 -1.33 26.110470000 -80.25051900
34 902111.65 646562.74 -1.87 26.110510000 -80.25052000
35 902110.97 646572.88 -5.47 26.110539000 -80.25052100
36 902110.62 646589.45 -2.43 26.110578000 -80.25052600
37 902110.26 646606.15 0.81 26.110620000 -80.25052800
38 902109.50 646617.00 8.69 26.110655000 -80.25052800
39 902110.32 646632.37 10.01 26.110683000 -80.25052900
40 902111.37 646635.63 10.69 26.110700000 -80.25052700
41 902115.04 646629.65 7.72 26.110696000 -80.25050800
42 902117.34 646630.34 -1.87 26.110695000 -80.25050800
43 902113.10 646629.17 3.11 26.110695000 -80.25050800
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It was necessary to convert the Teletype GPS data from its recorded format of latitude/longitude (deg/min), 
to a projected coordinate system, i.e. the Florida East State Plane coordinate system. The latter system will 
show projected Eastings (X) and Northings (Y) in feet units (Figure 3.6). This was done using the US army 
Corp of Engineer’s free software, the Corpscons (screen shot shown in Figure 3.7). 
 
 
 
Table 3.5 State Plane Coordinates SR 817 Sidewalk Vertices GPS Data with TeleType GPS Receiv
Position_ID Easting Northing Latitude Longitude No. of Readings 
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Table 3.5 State Plane Coordinates SR 817 Sidewalk Vertices GPS Data with TeleType GPS Receiv
Position_ID Easting Northing Latitude Longitude No. of Readings 

er er 

sw pt1 902296.486 642808.241 26.1001737793 -80.2500087793 127 
sw pt2 902296.456 642808.256 26.1001738216 -80.2500088707 26 
sw pt3 902296.116 642808.252 26.1001738167 -80.2500099071 35 
sw pt4 902296.164 642808.375 26.1001741548 -80.2500097579 28 
sw pt5 902296.326 642808.258 26.1001738310 -80.2500092651 35 
sw pt6 902296.322 642809.993 26.1001786025 -80.2500092487 42 
sw pt7 902296.708 642809.940 26.1001784511 -80.2500080721 42 
sw pt8 902296.658 642808.271 26.1001738600 -80.2500082544 51 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3.18. Screen Shot of US Army Corps’ Corpscan Software used for Coordinate Conversion 
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of the GPS 
an d that ector’ l manual process. Table 3.6 indicates a comparison 

of the time required in both processes, based on the three pay item o 5. Though 
this w  based on ata, seen that the take e q nificantly 
reduc , up to 80 , w ceivers are us
 
 
Table 3.6 Comparison of GPS-Measured Times with Traditional Manual Methods for Field Quantities (Site 
Visit  Nov. 10

 * Based on interview of the Resident Engineer’s Inspect o ac pec y 
asureme e he following e the t lo on the plan, 
ate on th nd m ite, and do office compu rti

 
 
It was also of interest in this study to evaluate the relati S-p the used – the 
low cost Teletype and the mapp eoXT.  Firs stud d o l location 
or attributes can be effectively collected and displayed relative to the original drawing. Second, it was also 
desir o know ities ccurately est d. T rio d by a 
comp son of the GPS-estimated quantity to the manually collected data by the inspector in the field during 
cons tion (Ta
 
The Teletype GPS receiver used to collect data at verti  the tem d during 
the site visit of Nov. 10, 2005. The raw data have been shown earlier in Table 3.5. It was necessary to use 
the vertices because of the relatively long time required, using such low cost receivers to get reasonably 
accu  reading atel eoXT GPS receiver was also used, but continuously along the 
perim r of the  col a as an area re. A ur  the results 
were tted for ers. st receiver d t pro res
approximately retains the shape of the sidewalk (Figure ), th di ature were 
not r nable; t GPS the sidewalk h as r si ared with 
the 8 ft. shown on the engineering plans. Observing the Eastings (X) values for the vertices reveals this. On 
the o  hand, t how able accura
when displayed on an existing shapefile of the engineering drawing, which is dem n this 
repo s show 3.23 ible gap bet  the a ( ngth) 
indicates the serious error on the spatial location using the low cost GPS receiver.  

lso, the accuracy of the quantities estimated using the GeoXT was very impressive, when compared to 
oth the inspector’s estimates and the approximate plan quantity of the described location of work. The 
omparison is shown in Table 3.7 for the pay items GPS-measured during the visit of Nov. 10, 2005. 

 
M

In order to evaluate accuracy and efficiency, a comparison was made between the procedures 
measure of qu tities, an  of the insp s traditiona

s inspected on N vember 10, 200
as  a limited d it could be time n to measure th uantities are sig
ed % reduction hen GPS re ed.  

 on , 2005). 

or wh tually did the ins tion and quantit
me nt. Includes tim taken to do t : locat  pay item’s exac cation (station) 
loc e site, walk a easure on s tations and repo ng. 

ve GP erformance of  two receivers 
ing grade G t, the y wanted to fin ut if the spatia

ed t  if the quant  could be a imate he second crite n was evaluate
ari

truc ble 3.7).  

ces of  sidewalk pay i , GPS-measure

rate s from the s lites. The G
ete sidewalk, to lect the dat  featu s shown in Fig es 3.19 to 3.23,

 plo  both receiv The low co id no duce accurate ults. While it 
 3.20 e dimensions in cated for the fe

easo he teletype  estimates  widt  about 0.6 ft. o x inches, comp

ther he GeoXT s ed a reason cy of the spatial location of the sidewalk, especially 
onstrated later i

rt.  A n in Figure , the incred ween  two sets of dat over one mile le

Time for GPS-
easurement (min.) 
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ent* (min.) 
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igure 3.19. State Plane Coordinates Plot of SR 817 Sidewalk GPS Data Using GeoXT GPS Receiver  
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Figure 3.20. State Plane Coordinates Plot of SR 817 Sidewalk GPS Data Using TeleType GPS Receiver 
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igure 3.21. State Plane Coordinates Plot of SR 817 Sidewalk GPS Data with TeleType and GeoXT GPS 
eceivers 
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TABLE 3.7 Comparisons of GPS-measured Quantities with Inspector’s and Plan Quantities 
 

GPS 
Inspection 
Date 

Pay Item 
No. 

Pay Item Description Plan Location Unit of 
Measure

Approx. 
Plan 
Qty 

Trimble 
GeoXT 
GPS Qty

Inspector's 
Qty 

% Difference 
(Geoxt minus

Plan Qty) 

% Difference 
(GeoXT minus 
Inspector Qty)

 

Typ
hick
Typ
hick
c (T

Feb. 11, 2005 520-1-10 Curb & Gutter Conc ( e F) 124+74.08 - 130+53.03 LF 568 566.92 573 -0.2% -1.1% 
Feb. 11, 2005 522-1 Sidewalk Conc ( 4" T ) 128+48.03 - 129+68.03 SF 997 944.47 960 -5.3% -1.6% 
Nov. 10, 2005 520-1-10 Curb & Gutter Conc ( e F) 85+89.34 - 94+89.54 LF 957 975.29 960 1.9% 1.6% 
Nov. 10, 2005 522-1 Sidewalk Conc ( 4" T ) 92+69.54 - 93+69.54 SF 888 883.95 909 -0.5% -2.8% 
Nov. 10, 2005 334-1-12 Superpave Asph. Con raffic B) 92+09.10 - 94+54.54 SF 1401 1405.88 N/A 0.3% N/A 

 
 

  
 



Final Report  Page No. 57 
 
 
3.2. Computations from GPS Geometry Points 
Basic computation tools were developed in Microsoft Excel Spreadsheets based on GPS 
coordinates, for calculations of the lengths, areas, and volumes of inspected quantities of pay 
items. The formulas were eventually implemented in custom computer programs. 
 
The length d between two points is given as follows 
 
 

2
12

2
12 )()( yyxxd −+−=  

 
And the area A can be computed as  
 

∑
−

=
++ −=

1

0
11 )(

2
1 N

i
iiii yxyxA  

 
These simple formulas were applied to GPS data collected for a sidewalk near the Broward 
mall end of the project. First the GPS data points for the linear item were shown earlier in 
Table 3.2, including the software-computed perimeter and area. The same data points were 
plotted as shown in Figure 3.22 and used to compute the perimeter and area in the Excel 
spreadsheet as shown in Table 3.10. The elevations are simulated here to illustrate the volume 
computations. For simplicity, the thickness can be assumed to be 4 in. to estimate the volume 
also, as shown. It could be observed that the computed area and perimeter are practically the 
same values as those from the Trimble’s Commercial Software (Pathfinder)’s computations. 
 

 
Figure 3.22 Sidewalk Layout Plotted from GeoXT GPS Positions 
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Table 3.8 GeoXT GPS Positions for Sidewalk Near Broward Mall 
Posit orthing GPS Area GPS Perimeter ion_ID Easting N

1 901418.1 650121.735 944.4675281 258.8601363 
2 

4 901419.7 650110.727 944.4675281 258.8601363 
5 9014  650091.498 944.4675281 258.8601363 26.1
6 901430.9 650078.189 944.4675281 258.8601363 
7 901435.5 650063.217 944.4675281 258.8601363 
8 901441.6 650047.626 944.4675281 258.8601363 
9 901436.2 650037.779 944.4675281 258.8601363 
10 901432.1 650032.939 944.4675281 258.8601363 
11 650034.307 944.4675281 258.8601363 901442.8 
12 901447.5 650018.06 944.4675281 258.8601363 
13 901452.7 650011.32 944.4675281 258.8601363 
14 901451.9 650029.33 944.4675281 258.8601363 
15 901447.8 650043.669 944.4675281 258.8601363 
16 901443.4 650060.976 944.4675281 258.8601363 
17 901440.3 650075.802 944.4675281 258.8601363 
18 650107.579 944.4675281 258.8601363 901431.3 
19 901426.1 650124.28 944.4675281 258.8601363 
20 

 3.9. C

Y (FT) 
8.08 650121.735 
7.77 650121.427 
6.52 650121.928 
9.65 650110.727 
6.09 650091.498 

65 47.6  
650037.779 

2.14 650032.939 
2.83 650034.307 
7.47 650018.060 
2.72 650011.320 
1.92 650029.330 
7.79 650043.669 
3.40 650060.976 
0.32 650075.802 
1.31 65 07.5  
6.11 650124.280 
8.086 650121.735 

   VOLUME (CY) 12.72 11.66
    (4 in. thick) 

901417.8 650121.427 944.4675281 258.8601363 
3 901416.5 650121.928 944.4675281 258.8601363 

901418.1 650121.735 944.4675281 258.8601363 
 
 
Tab
Spr

X
901
901
901
901
901
901430.852 650078.189 -79.425 -79.100 0.325 14.135 47.821 -15091515.389
901435.503 650063.217 -80.986 -80.611 0.375 15.678 63.499 -16519736.373
901
901
901
901
901
901
901
901
901
901
901
901
901

le omputation of length, area, and volume based on GeoXT GPS Data in Excel 
eadsheet. 

 

 (FT) Z1 Z2 Delta Z SEG.. L (FT) CUM. L (FT) AREA (SF) 

441.578 00 26 -78.369 -78.027 0.342 16.733 80.232 -18003414.970
436.181 -78.831 -78.414 0.417 11.229 91.461 -5368188.181
43 9 -80.582 -80.182 0.400 6.299 97.760 -1741998.791
44 6 -80.178 -79.795 0.383 10.774 108.534 -5713742.839
44 1 -76.708 -76.358 0.350 16.895 125.430 -17658650.770
45 2 -80.302 -79.960 0.342 8.544 133.974 -9489000.788
45 0 -77.127 -76.810 0.317 18.028 152.002 16756472.602
44 9 -78.092 -77.767 0.325 14.919 166.921 15604689.950
44 6 -79.862 -79.504 0.358 17.856 184.777 18456998.895
44 1 -76.132 -75.790 0.342 15.144 199.920 15370238.048
43 4 01 79 -77.191 -76.816 0.375 33.029 232.949 34500301.829
42 0 -78.456 -78.089 0.367 17.493 250.442 18437964.216
41 -75.299 -74.916 0.383 8.418 258.860 2922467.773

   LENGTH 258.860 
   TOTAL AREA  944.475

41 6 -75.291 -74.916 0.375  
41 1 -75.520 -75.170 0.350 0.441 0.441 -72848.424
41 9 -76.583 -76.175 0.408 1.339 1.780 1259061.115
41 4 -77.951 -77.584 0.367 11.629 13.409 -12128397.566
42 2 -78.038 -77.663 0.375 20.278 33.687 -21518811.387
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uantity 
ocumentation, in order to generate as-built CAD documents. Also some pay items such as 

lane; the measurement could be enhanced 
ith GPS because of the elevation issues, i.e. plan area compared with the actual area along the 

urface plane. 
 
Other features identified by the Resident Engineer as being important and could benefit from 

PS measures include the following: Signalization and Lighting; Conduit length measurement 
cavation, before pavement base is placed, thickness of 

sphalt surfacing layer; and as mentioned earlier, sloped area measurements, e.g. Sod pay 
items. Some pay items such as Curb and Gutter are plan quantity items, i.e. FDOT does not 
measure them, and Contractor is assumed to do them correctly. Currently measured pay items 

clude traffic striping but Contractor just certifies them (no FDOT measure). The Contractor 

. 

allahassee area. Primarily, some Leon county survey control points were identified, and their 
oordinate data retrieved from the appropriate agencies. First, the low cost GPS receiver was 
gain tested for accuracy, using the known X, Y coordinates of some control points. The GPS  
titude/longitude data were collected, using minimum 100 positions  at each point, and 

veraging the positions into a single point. The data was then converted using another software 
e Franscoord, into the Florida North State Plane projection.  The results are shown in Table 

.8. 

he concept of differential correction was also attempted. As mentioned earlier, a site visit to 
e SR 817 project site on August 2005 was designed to carry out a differential GPS using the 
BLC3 as the GPS based station and rover GPS to collect the pay item features (Figures 3.23 

nd 3.24). This visit to the project site visit was not effective because of the weather at the site. 
nother attempt was therefore made in Tallahassee, using the DGPS to ascertain the accuracy 
f the rover GPS receivers through a  simple differential correction of the GPS receivers at 
ese control points. The Trimble ProXR, also mapping grade GPS receivers, were used as 

oth the base GPS and Rover GPS, with the former mounted on a stationary tripod while the 
tter was mounted on a survey range bipod pole. The results in terms of errors along the X, Y, 

nd Z coordinates are shown in Table 3.9. The values are also demonstrated in Figures 3.20 to 
.26. 

3.3. Resident Engineer’s Comments 
The CEI Resident Engineer indicated that the construction inspectors use survey crews to
establish control or stakeout on project (contract already allows this); it may therefore be 
beneficial to recommend that the crew use RTK GPS for both the survey and the q
d
erosion control mat or sodding may be on a sloping p
w
s

G
between pull boxes elevation after ex
a

in
also certifies maintenance of Traffic (MOT) and signs. In short, many FDOT pay items are 
now plan quantity or certified by Contractor but that does not diminish the use of GPS for 
quantity measurement of these pay items, especially for verifying the quantities at inspection
 
3.4. GPS Error Correction Methods 
Due to the various constraints and eventual completion of the pilot SR 817 project by the 
Contractor, the development of GPS error correction methods could not be done using the 
project data. The issues were revisited and studied on a small scale using data from the 
T
c
a
la
a
th
3
 
T
th
H
a
A
o
th
b
la
a
3
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igure 3.24. Setting up a Rover GPS receiver near Sidewalk Pay Item (August 2005) 

 

Figure 3.23. Base station GPS receiver at FDOT Control Point HBLC3 (August 2005) 
 
 

F
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Date Time
(De

-
ina  

 
th 

TABLE 3.10 Evaluation of Low Cost GP
 Survey Control 

Point Number 
Latitude 
(Deg.min) 

M TLC141S1W 30.4198
M TLC151S1W 30.4341
M TLC2291N1W 30.4529

* Florida North

ation of Trimble ProXR GPS
Time Survey Control 

Point Number 
(

6 14:38:26 TLC231S1W 
6 15:01:26 TLC151S1W 
6 15:21:20 TLC2291N1W 
6 10:52:00 TLC231S1W 
6 11:16:16 TLC141S1W 
6 11:39:00 TLC151S1W 
6 11:55:21 TLC2291N1W 

* Florida North

ation of Trimble ProXR GPS
Time Survey Control 

Point Number 

6 14:38:26 TLC231S1W 
6 15:01:26 TLC151S1W 
6 15:21:20 TLC2291N1W 
6 10:52:00 TLC231S1W 
6 11:16:16 TLC141S1W 
6 11:39:00 TLC151S1W 
6 11:55: C2291N1W 

S Receiver’s Accuracy Based o
Longitude 

g.min) 
GPS X-
Coordinate* 
(ft.) 

G
Co
(ft

-84.340755 2018698.22
-84.353273 2014745.73
-84.345425 2017209.93

  Plane Coordinate Projection Sy

iver’s Accuracy Based on 
-
inate* 

GPS Y-
Coordinate* 
(ft.) 

GPS Z
Elevat

9250.40 516933.72
4734.48 521598.10
7202.10 528429.38
9253.71 516932.00
8695.52 516412.80
4737.79 521587.52
7205.65 528431.06

  Plane Coordinate Projection Sy

iver’s Accuracy Based on 
aw 

Error 
rd (ft) 

GPS Raw 
Data  Error 
Y-Coord (ft) 

GPS R
Error 
(ft) 

-0.17 5.92
0.24 6.39
0.14 4.50
3.13 4.19
1.65 3.99
3.5 -4.
3.7 6.

n L
PS Y
ord
.) 

51
52
52

ste

Le
-
ion*

eon County Survey Control poi

te* 
Known X-
Coordinate* 
(ft.) 

Known Y-
Coordinate*
(ft.) 

08.97 2018693.87 516408.
03.34 2014734.24 521591.
29.60 2017201.95 528424.

County Survey Control point

.) 
Known X-
Coordinate* 
(ft.) 

Known Y-
Coordinate* 
(ft.) 

06 2029250.57 516927.81
80 2014734.24 521591.72
11 2017201.95 528424.88
81 2029250.57 516927.81
32 2018693.87 516408.81
63 2014734.24 521591.72
02 2017201.95 528424.88

County Survey Control point
ta 
 

GPS Raw 
Data Error 
Length (ft.) 

GPS Base 
Corr.  
Error X-
Coord (ft) 

GPS
Corr
Erro
Coo

05 5.92
05 6.39 0.42
60 4.50 0.32
29 5.23
12 4.32 -1.48
22 5.50 0.42

-1.69 7.20 0.57

nts 
GPS 
Error X-
Coord 
(ft) 

GPS 
Error Y-
Coord (ft)

E
L
(f

4.351 0.160
11.495 11.624

7.977 4.719

n Z-
ion* 

96.10
80.85
88.70
96.10

109.45
80.85
88.70

ntinued) 

 

GPS Base 
Corr. Error 
Z-Elev (ft) 

GP
Cor
Len

7 0.00
2 5.45

0 0.16
9 -5.93
9

rror
eng
t.) 

4
16

9

2/24/2006 11:25 A 77 64 81 .354
2/24/2006 11:45 A 73 16 72 .348
2/24/2006 11:59 A 33 84 88 .268

  State m 
 
TABLE 3.11 Evalu  Rece on s 

 Date GPS X
Coord
ft.) 

 (ft
Know
Elevat
(ft.) 

BASE 17-Feb-0 202 85.
ROVER 17-Feb-0 201 69.
ROVER 17-Feb-0 201 83.
BASE 24-Feb-0 202 92.
ROVER 24-Feb-0 201 106.
ROVER 24-Feb-0 201 71.
ROVER 24-Feb-0 201 87.
  State stem 
 
TABLE 3.12 Evalu  Rece Leon s (Co

 Date GPS R
Data  
X-Coo

aw Da
Z-Elev

 Base 
.  
r Y-

rd (ft)

S Base 
r.  Error 
gth (ft.) 

BASE 17-Feb-0 -11.  
ROVER 17-Feb-0 -11. 0.4 0.63 
ROVER 17-Feb-0 -5. -1.4 1.45 
BASE 24-Feb-0 -3.  
ROVER 24-Feb-0 -3. -0.2 1.49 
ROVER 24-Feb-0 5 20 -9. -8.3 8.40 
ROVER 24-Feb-0 21 TL 0 18 1.9 1.60 2.07 
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 Figure 3.25. Evaluation of Low Cost GPS Receiver’s Accuracy Based on Leon County Survey Control points 
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3.26 on PS Receiver ccuracy ed on Leo unty Su y Contr oints 
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 Figure 3.27. Evaluation of Trimble ProXR GPS Receiver’s Accuracy Based on Leon County Survey Control points 
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Figure 3.28. Evaluation of Trimble ProXR GPS Receiver’s Differential Corrected Accuracy Based on Leon County 
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3.5. Demonstration of GPS/GIS Tools using Field-Collected Data 
Using the ESRI software ArcGIS, and custom computer programs written in the Microsoft 
Visual Basic 6 Language, the GPS/GIS tools for construction inspection of highway projects 
were developed, based on the methodology described so far in this report..  
 
With use of only screen shots from the various software and computer programs, the use of the 
GPS/GIS tools are shown in the following figures, and explained to some extent, by the 
captions. 
 

 
Figure 3.29. ArcGIS:  Spatial Data of Inspected Pay Items (Feb. 11, 2005) Relative to the 
Original Drawing Locations 
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Figure 3.30. ArcGIS: Spatial Data of Inspected Pay Items (Nov. 10, 2005, with Point Items 
Labeled) Relative to the Original Drawing Locations 
 

 
Figure 3.31. VB Program for Review and Calculation of Inspected Pay Item’s Quantity bas
on GPS Data 

ed 
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Figure 3.32. VB Program for Review of Project Recorded Data for Pay Item’s Quantity 
Including Site Photographs 
 

 
Figure 3.33. VB Program for Review of Project Recorded Data for Pay Item’s Quantity (No 
Entries) 
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Figure 3.34. VB Program for Review of Project Recorded Data for Pay Item’s Quantity (With 

esults After Entries) 
 
R

 
Figure 3.35. VB Program for Review of Project Recorded Data for Pay Item’s Quantity (With 
Results After Entries Pay Item No. 334-1-12) 
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F
R

igure 3.36. VB Program for Review of Project Recorded Data for Pay Item’s Quantity (With 
esults After Entries Pay Item No. 110-4) 

 

 
Figure 3.37. Custom VB Program:  Spatial Data of Inspected Pay Items (Feb. 11, 2005, with 

abels foL
 

r Signs and Light Posts) Relative to the Original Drawing Locations 
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Figure 3.38. Custom VB Program: Spatial Data of Inspected Pay Items (Nov. 10, 2005, with 

3.6. Summary 
The data collection efforts have been demonstrated in this section, along with the results of 
some brief analyses. Custom computer programs were developed with the capability to display 
the inspected quantity data, as well as perform some basic quantity computations. 
 
 

label for Curb and Gutter) Relative to the Original Drawing Locations 
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4. Pilot Study with Bentley’s Construction Inspector 

The purpose of this document is to outline the deliverables for the Bentley Inspector/Stakeout 
Pilot Study.  These include a collection of screen shots, digital pictures and software DLLs 
categorized as follows: 
 

• Digital pictures of the October 14, 2005 field review where Bentley personnel 
demonstrated the capabilities of the Bentley Inspector/Stakeout tool by performing 
inspection activities to construction on University Drive in Plantation.  See 
ftp://ftp.bentley.com/pub/outgoing/pix.zip. 

 

 
 

• Tack Coat Report screen shots and DLLs representing a VB.NET based specialty 
inspection.  See TackCoat.zip. 

• Daily Report of Construction screen shots and DLLs reflecting a single, standardized 
FDOT report.  See EstimatedWorkPerformed.zip 

 
 
Tack Coat Report  
The contract specified that Bentley would deliver a “FDOT specific VB.NET application for 
defined specialty inspections” (Task 4b).  The Tack Coat Report satisfies this requirement.  This 
report operates in the context of the Bentley Inspector/Stakeout tool.  Hence, it is automatically 
made available for optional application when the appropriate pay item is selected for inspection.  
For example, consider selection of Superpave Asphaltic Concrete (Pay Item 0334-1-13). 
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If the user subsequently presses the Inspection icon, the VB.NET Tack Coat application adds two 
additional tabs - Area and Tack tabs – to the typical collection of Bentley Inspector/Stakeout tabs 
that include Graphics, Formula, AdHoc, Doc, Images, Notes and Field PI.   
 

 
 
On the Area tab, the user can specify the area whereupon the tack coat is being applied in terms 
of stations and widths.  The Area is then computed.   
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Optionally, precise station offset and area shapes could be supported in the manner customary 
for Bentley Inspector/Stakeout.  Hence, the purpose of the Area tab is an alternative, less precise 
method that corresponds with legacy procedures.   
 
On the Tack tab, the user inputs the Tank Number, Measured Temperature along with Beginning 
and Ending dip stick measurements.  For each dip stick measurement, the software immediately 
returns the gallons contained in the tanker for each measurement. 
 

 
 
Upon pressing the Calculate push button, the Tack Coat Report tool calculates and displays the 
Correction Factor for temperature, the gallon difference between before/after measurements 
adjusted for temperature and the resultant Spread Rate.   
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Deliverables for this tool include: 

• CustomAddon.dll 
• TankCapacity.dat 
• TempCorrection.dat 

 
 
Daily Report of Construction  
The contract specified that Bentley would deliver a “FDOT specific VB.NET application for 
generating a single, standardized FDOT report” (Task 4a).  The Daily Report of Construction 
satisfies this requirement.  This report is invoked from the CEI Administrator tool of the Bentley 
Inspector/Stakeout system.   
 

 
 
For a given date, the report tool collects the assembled inspection activities of all inspectors and 
completes the Estimated Work Performed section of the standard FDOT Daily Report of 
Construction to a high level of detail that now includes specific station to station ranges. 
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Deliverables for this tool include: 

• Bentley.Civil.Base.dll 
• Bentley.Civil.Geometry.dll 
• GEOPAK.DataModel.dll 
• GEOPAK.DesignArchive.dll 
• GEOPAK.FPDB.dll 
• GEOPAK.System.dll 
• Interop.Word.dll 
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