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Abstract
The first decade of the twenty-first century has led or forced many in the surveying profession to adapt to
and embrace the technological applications of geographic information systems (GIS). The progress that
has been made in the areas of Global Positioning System (GPS) and Mobile Light Detection and Ranging
(LiDAR) has allowed surveyors to accurately collect more topographic shots than ever before. GIS, in this
instance ArcMap, allows surveyors to visually see and compare their datasets as features change over
time, either by natural causes such as erosion or by man-made causes like construction. This
presentation will show how GIS can be applied by surveyors when working on large scale urban
infrastructure renewal survey projects, particularly as a concern in light of recent disasters (e.g. flooding,
landslides, and levee failures). The Dallas Levees, that protect downtown Dallas as well as other areas in
the metroplex from the flood forces caused by the Trinity River, will be the case study used to show how
surveyors can bring the improved technology of GPS, LiDAR, and GIS together with conventional methods
used for years. By using GIS, different vertical datasets, obtained by different surveying methods, can be
used to enhance and expand the value of the survey data. By adding GPS and LiDAR methods to
traditional conventional methods, comparisons can quickly be made between base and current elevation
models. The audience will also be able to see that by bringing these methods together, improvements
will  be  seen  in  the  overall  product  quality  of  the  survey,  the  time  schedule  needed  to  complete  the
survey, and most importantly the budgets of the client and the surveyor.

Introduction
In April of 2010, HNTB Corporation contracted Pacheco Koch Consulting Engineers (PKCE) to complete a
geodetic control survey and topographic survey of the entire levee system through the Downtown
Dallas Area, extending 30 miles and having an 800 foot wide topographic corridor.  The project consisted
of both LiDAR and on the ground surveying. LiDAR data sets, obtained by mobile and airborne methods,
were incorporated to all GPS and conventional topographic shots.

Included in this project were the locating and mapping of all visible utilities, utilities of record,
abrupt variations in topography, buildings, roads, outfall structures, pressure sewers and reestablishing
the Trinity River levee baselines.  Microstation drawings were produced to include Digital Terrain
Models (DTMs) of the levees, all outfall structures and pressure sewers within the levee system,
planimetrics, and cross-sections at 100 foot intervals and all utility crossings.  Trinity River cross-sections
located and mapped every 2500 feet totaling 46 cross-sections.

The survey guidelines were specifically following and generally conforming to the following
documents: Control and Topographic Surveying Manual EM 1110-1-1005, Relevant portions of the
NAVSTAR  Global  Positioning  System  Surveying  EM  110-1-1003,  National  Geodetic  Survey(NGS)  –  User
Guidelines for Single Base Real-Time GNSS (Global Navigation Satellite Systems) Positioning, Guidance
for a Comprehensive Evaluation of Vertical Datums on Flood Control, Shore Protection, Hurricane
Protection, Navigation Projects and USACE (United States Army Corps of Engineers) New Orleans District
Guide for Minimum Survey Standards issued in, September of 2009, and Requirements for Use of
Benchmarks for USACE Project  issued in, March of 2009.
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The contract was based on the notion that Pacheco Koch would have to utilize and employ
LiDAR technology. This requirement was necessary in order to complete the project in the defined short
period of time. While GPS and conventional (total station and levels) methods would still need to be
used, it was apparent that these methods without the use of LiDAR would be unable to complete the
project tasks in the requested time frame.

GPS, LiDAR and GIS – State of the Process Technologically
GPS

In order for GPS to be competitive with other conventional surveying methods, several factors
must be considered. In the private sector probably the most important is the cost associated with
implementing GPS surveying methods. When deciding to go with a GPS surveying approach, companies
want to know how much money and time will be saved using GPS, compared to what it will cost them to
implement GPS. Costs associated with using GPS to collect survey data include the cost of equipment,
operational costs, data processing costs, training, and maintenance costs. This cost will then be
compared to the productivity that a field crew will provide in order to increase profitability. Training is
another important factor in determining what will be needed in order to maximize production with GPS.
The  ease  of  use  of  the  equipment  is  important  because  you  will  need  this  technology  to  be  easy  to
understand for employees with varying degrees of expertise.  In order to achieve the required degrees
of accuracy it is important for the field personnel to be correctly trained in the instruments use as well
as the procedures that need to be used. Also a more recent technological development for the field of
GPS survey data collection are Real Time Networks (RTN) GPS networks.

The Western Data Systems and Trimble RTN are a Real Time Kinematic (RTK) system. The RTN
GPS Network allows users to operate anywhere within the polygon of the network while still achieving
RTK Precision. The fixed RTN network is available at any time without setting up a base station and
provides common control wherever you are in the network. RTK roving receivers in the field have access
to RTK modeled corrections and have the reassurance of the built-in-monitoring system that warns if
there  are  any  problems  with  the  data.  This  system  uses  RTK  solutions  from  the  Trimble  RTK  Net
Software and provides high-accuracy, RTK GPS positioning for wider areas. The network provides a
continuous stream of real-time corrections, including a correction for ionospheric interference, to any
single GPS rover receiver with a membership.

With  the  RTN  GPS  network,  it  is  possible  to  achieve  precisions  that  meet  or  exceed  that
attainable through classical or single base-station RTK methods. In addition specific calibration
procedures may also be carried out in order to achieve the required accuracies.

GPS complements the traditional electronic distance measurement with total station,
techniques for routine surveying activities. Conventional method will likely continue to play an
important  role  for  some time to come,  unless  the conditions  for  survey are  ideal  from a GPS point  of
view. In that case, the RTK techniques or RTN will be favored. Finally, for high-precision geodetic
positioning, particularly over long distances, GPS is without competition.

LiDAR
LiDAR systems have become more and more prominent in imaging the earth’s surface and

creating digital elevation models (DEM). Being able to take shots on millions of points allows the user to
perform analysis on both natural and man-made features. This makes creating DEMs easier than ever
before, especially in areas that contain bridges, buildings, transportation corridors, etc..

While  it  will  take time for  LiDAR to reach its  full  potential,  that  day is  approaching in  the very
near future. As more and more people begin to use LiDAR, the methods and standards will have to be
adopted by professional organizations as well as governing bodies.
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LiDAR systems use advance pieces of electronic equipment such as GPS and inertial
measurement units (IMU) to provide accurate positioning of the unit. With this positional information
the location of points on the ground can be made. LiDAR systems have become the fast, accurate and
cost effective way to create dense 3D positional data for the earth’s terrain.

With the universal acceptance of LiDAR the cost associated with geo-positioning technology has
become lower (GNSS, Inertial Measurement Units (IMU), and GNSS/IMU integration techniques). LiDAR
systems are a combination of two main components: the direct geo-positioning and laser ranging. The
direct geo-positioning component provides mapping platform with a position and an altitude. The laser
ranging component provides the distance between the laser-beam firing point and the earth’s surface.
The geo-positioning and ranging are combined to provide coordinates on the ground, creating a highly
dense and accurate point cloud covering the mapped area. Point clouds can contain millions of points
per square mile depending on the pulse repetition rate, flying height, and the flying speed. Because of
this, LiDAR surveys are one of the quickest and most accurate methods to produce a DEM.

LiDAR Specifications and Accuracy
The mobile ground scan was used for highly accurate near-vehicle data on the levee. Accuracy of

the data was predicted to be better than 5cm on the levee. On hard surfaces up to 10m away from the
survey vehicle, vertical accuracies of better than 2cm can be achieved. The airborne scan was done by
an airplane mounted LiDAR system. These systems can achieve accuracies of better than 10cm, if flown
at the appropriate flying height above ground. The airborne LiDAR flew two overlapping flight lines over
the levees so as to achieve flight line overlap redundancy. Mobile and airborne data were fused to test
for  internal  integrity.  Mobile  LiDAR  data  was  truncated  at  ranges  past  the  levee  so  as  to  remove  the
lower accuracy results which will occur due to the longer range distances and the probability of soft
surfaces away from the levee. The airborne data was fenced off from where the levee was scanned by
mobile LiDAR so that the noise in the airborne data does not interfere with the accuracy of the data
collected by the mobile truck on the levee. The data sets were then re-fused together.

LiDAR Standards – Federal Emergency Management Agency (FEMA) Compliance
The LiDAR data used to derive DTM and contours was predicted to meet the FEMA accuracy

(compliant with FEMA’s Guidelines and Specification for Flood Mapping Partners) required to generate
1’  contours,  both  for  vertical  and  horizontal  accuracies.  As  shown  in  the  American  Society  of
Photogrammetry and Remote Sensing (ASPRS) Table below, the National Map Accuracy Standards
(NMAS) equivalent contour interval of 1-foot has a vertical National Standard for Spatial Data Accuracy
(NSSDA) root-mean-square error (RMSE) accuracy of 9.25 cm. (See Table 1)

Source: ASPRS LiDAR Guidelines, 2004
Table 1 - Comparison of NMAS/NSSDA Vertical Accuracy
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Both RMSEz and RMSExy are inspected in the classified bare-earth model and compared to project
specifications. RMSEz is examined in open, flat areas away from breaks and under specified vegetation
categories. Neither RMSEz nor RMSExy are compared to orthoimagery or existing building footprints.
Comparison against imagery can skew the determination of accuracy because of the lean and shadows
in the imagery. Instead, a point–to–point comparison of a recently acquired or existing high confidence
ground survey point to its nearest neighbor LiDAR laser return point. The tolerance for finding a nearby
LiDAR point elevation to compare to a survey point elevation is that the two points must be within a 0.5
meter radius of each other in open flat areas. If no LiDAR points can be found within in this tolerance,
then alternative methodologies are used to convert the LiDAR data to a Triangulated Irregular Network
(TIN), though this can introduce biases and processing errors in the end products and could cause the
RMSE values to be skewed and fall beyond project specifications

GIS
GIS allows for the integration and analysis of geospatial data. With GIS software it is possible to

incorporate survey data, engineering facilities and infrastructure information and perform many of the
required analyses. Using a GIS database allows the user to interpret the source and quality of geospatial
datasets. The analysis tools produce the best possible data by resolving the different sources of data for
data analysis. GIS analytical tools allow the user to represent the analytical methods to be part of the
Metadata. The ability to integrate many varying GIS data shows the analytical capabilities of GIS.

The ASCII x, y, z files from LiDAR can be imported into various software packages, including GIS.
Data manipulation can create an abundance of products, and combining other types of data with LiDAR
can produce valuable results.  Another advantage of GIS is that it allows the user to see data with the
aspect of time. This makes analysis of two different time periods possible, allowing the changes in data
to be seen.

Since LiDAR data can be imported and exported by most commercially available GIS packages,
this points to the fact that the large majority of available raster and vector formats can be supported
with LiDAR data as the basis.  Programs such as ArcView, Earth Resources Data Analysis System (ERDAS),
AutoCAD,  and  Microstation  all  have  the  capability  to  import  and  export  LiDAR  data  in  one  form  or
another.  One problem that most of these software packages run into is that the unable to handle the
sheer number of points all at once. A typical topographic LiDAR project can cover hundreds of square
miles, with each square mile containing millions of points. Many LiDAR professionals have developed
proprietary software to handle the large quantity of data. Commercial GIS and photogrammetric
software developers are currently addressing this problem.  As computers and software become faster
and more powerful, it will become easier for survey companies, and even clients, to view and analyze
LiDAR data.

Organizational mandates require the USACE to use Bentley Microstation for creating maps for
formal plans and specifications and as-built drawing to be submitted primarily through hard copies of
drawings.  The  New  Orleans  District  of  the  U.S.  Army  Corps  of  Engineers  (CEMVN)  developed  the  Just
Another Map Book (JAMB) software and a work flow to create GIS-based plan and profile maps using
the new charting library in ArcGIS and data from its Levees GIS database, resulting in a system that had
demonstrated significant cost-savings and had yielded valuable mapping products in support of levee
reconstruction and emergency operations. As of this writing JAMB plan and profile maps are only used
for planning and analysis.
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Methodology

Project Datum
The  project  horizontal  datum  used  for  the  survey  was  the  North  American  Datum  of  1983  (NAD83),
Continuously Operating Reference Stations 96 Adjustment (CORS96). The project vertical datum was the
North  American  Vertical  Datum  of  1988  (NAVD88),  utilizing  GEOID03  to  determine  the  orthometric
heights and Grid Coordinates for all control are provided in Texas State Plane Coordinate System, North
Central Zone (4202)

Control Network
The guidelines of the documents mentioned were generally followed in the execution of the

survey. The following recommended procedures are outlined below along with any deviation to those
procedures for this survey. On the primary GPS Control Survey, the sessions were scheduled so that
points are occupied for a minimum of four (4) hours. Fixed height tripods were used for each setup and
the use of dual frequency receivers. All processed baselines used the rapid or precise ephemeris. All GPS
static sessions were converted to Receiver Independent Exchange Format (RINEX). Antenna type and
antenna heights were indicated in the RINEX file. All RTK RTN surveys were accompanied by a .dc file
outlining the Quality Assurance/Quality Control (QA/QC) methods used for the data collection. Reports
included all control used, and both their given and found position. Field accuracies were increase by
eliminating systematic errors due to faulty equipment and avoid common errors.

Checks were made by obtaining the NGS’s Online Positioning User Service (OPUS) software and
by obtaining coordinates and elevations using a RTN Network.

Conventional leveling was performed all along the levees connecting all control points and a
majority of GPS control points set by URS Corporation, in support of the control and topographic
surveys. Excluded from the differential leveling were control points 10 through 12 because they were far
away from the levees and river banks. (See Figure 1)

Figure 1 – Control Point Diagram



6

Performed surveys and related services were in accordance with specifications contained in the
contract. To reliably achieve accuracy, all relevant standards of RTK procedures were followed in regards
to  using  RTN  (virtual  reference  station  (VRS))  real  time  network  system  operated  by  Western  Data
Systems and Trimble as Position Dilution of Precision (PDOP), elevation mask, fixed solution only,
horizontal and vertical root mean square RMS etc.

Control Point Processing
OPUS Processing

Once observations were collected, the NGS OPUS software was used to obtain geodetic quality
positioning results of data sets. Effective June 3, 2007, OPUS shows estimated standard deviation of
both  the  International  Terrestrial  Reference  Frame  (ITRF)  2000  and  NAD83  (CORS  96)  computed
coordinates.  In OPUS, the final coordinates were computed by using all the data from the reference
stations and the rover station in a single simultaneous least squares adjustment. However, single
baseline solutions were also computed as a means of estimating the accuracy.  The numbers reported as
standard deviations are valuable because they isolate problems with the reference station coordinates
or data.

The data was processed independently from OPUS for quality control, prior to any network
adjustment.  Loop closures of the raw data were run to verify how well the data worked with itself prior
to constraining it to any published data.  Loop closures much better than 1 part in 1,000,000 parts were
obtained. The OPUS data sheet gives information regarding the static occupation of a monument. The
data  sheet  is  a  summation  of  the  data  received  by  OPUS  in  the  file  supplied  in  the  users  GPS  static
occupation file. Also reported are the coordinates resulting from the post-processing, statistical
information, and NGS CORS stations used in post-processing.

Trimble TGO GPS Control Baseline Processing Results
All baselines were processed using Trimble Geomatics Office (TGO) Software.  The Trimble

Geomatics Office software provides the ability to generate post-processed GPS baseline solutions when
the Baseline Processor Module is installed. The Baseline Processor Module includes WAVE™, the
Weighted Ambiguity Vector Estimator. This program computes baseline solutions from GPS field
observations made using static, Fast Static, or kinematic data collection procedures. The baseline
processor uses both carrier phase and code observations to produce three-dimensional GPS baselines
between survey points. Post-processing in the Trimble Geomatics Office software is straightforward. The
baseline processor comes configured with system defaults (including Tropospheric correction and
ionospheric modeling for the final pass applied and cycle slips details) that meet the requirements of
most survey projects. Post-processing controls also can be modified and saved in named GPS processing
styles, as required, for advanced processing and reprocessing scenarios. Separate processing sessions
are not required for GPS data collected using different survey techniques. The baseline processor
examines the data to be processed and then makes decisions automatically about processing strategies.
Static, Fast Static and kinematic surveys can all be processed at the same time, with little, if any,
advance setup required.

Before baseline processing data were downloaded and verified based on detailed log
observation sheets. From NGS (or Department of Transportation (DOT)) web sites 24 hours observation
of two CORS sites used as control for this project were uploaded into TGO projects (TXAR-Arlington and
TXDA-Dallas). The quality of observations was improved with reduction of blunders. (See Table 2)
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ID From To Baseline Length Solution Type Ratio Reference Variance RMS
B116 TXAR 11 61976.124sft Iono free fixed 19.6 0.990 0.013m
B144 TXDA 11 74523.833sft Iono free fixed 12.1 1.706 0.017m
B103 11 4 50225.987sft Iono free fixed 8.9 1.947 0.015m
B105 11 6 35132.154sft Iono free fixed 13.3 2.259 0.016m
Table 2 – Baseline Processing Report (Partial)

The following methods were used to ensure good data quality; the settings were verified for all
receivers  to  make  sure  all   survey  sessions  were  compatible  and  all  points  were  observed  for  an
adequate period of time, all stations had at least two independent baselines attached to them, the
output was evaluated from the baseline processors, problematic baselines were reprocessed, data was
examined with timeline, GPS observation for particular satellites were disabled, text file for particular
control point were read and data were cleaned before processing, and the precise ephemerides were
used  for  processing  which  gives  more  precise  results  (Part  of  a  hundredth  of  a  foot)   based  on  a
posteriori testing.

Statistics from detailed report of processing were used to detect bad baselines based on loop
closures and in particular reference variance was checked as an indicator of the quality of the solution.
(See Table 3)

Legs in loop: 3
Number of Loops: 88
Number Passed: 88
Number Failed: 0

Length DHoriz DVert PPM
Pass/Fail Criteria 0.100sft 0.150sft
Best 0.001sft 0.000sft 0.011
Worst 0.016sft 0.103sft 0.772
Average Loop 219005.254sft 0.007sft 0.002sft 0.159
Standard Deviation 49714.066sft 0.005sft 0.037sft 0.174
Table 3 – Loop Closure Report (Partial)

Real Time Networks (RTN)
A RTN was used to  obtain  information for  all  22 (twenty-two)  points  as  well  as  95% of  all  the

shots obtained for this project including the verification of utilities, sump area surveys, outfall
structures, and river channel cross-sections. For areas not accessible by GPS (areas with tree coverage
and other obstructions), conventional survey methods had to be used. Texas RTK Cooperative Network
Reference  Frame  is  based  on  positions  of  CORS  Sites  (NAD83,  CORS96,  Epoch  2002.00)  which  means
that the results obtained by RTN and TGO processing were compatible. (See Tables 4, 5, and 6 for TGO,
OPUS and RTN Processing Results)
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Table 4 - Control Point Difference TGO - Known Solutions

 Table 5 - Control Point Difference TGO - OPUS Solutions

Pt. No. Northing Easting Elevation Description
1 N/A N/A 0.222 CP 1
2 N/A N/A 0.142 CP 2
3 -0.005 0.127 -0.054 CP 3
4 N/A N/A 0.316 CP 4
5 N/A N/A 0.184 CP 5
6 N/A N/A 0.014 CP 6
7 N/A N/A 0.208 CP 7
8 N/A N/A 0.018 CP 8
9 N/A N/A 0.098 CP 9

10 -0.028 -0.029 0.046 CP 10
11 N/A N/A 0.085 CP 11
12 N/A N/A -0.067 CP 12
21 N/A N/A -0.665 CP 21
22 N/A N/A 0.066 CP 22
23 N/A N/A -0.210 CP 23
24 N/A N/A N/A CP 24
25 N/A N/A N/A CP 25
26 N/A N/A N/A CP 26

101 N/A N/A 0.048 CP 101
102 N/A N/A 0.015 CP 102
103 -1.217 -0.646 -0.302 CP 103 (NAD83(1986))
104 N/A N/A N/A CP 104

Pt. No. Northing Easting Elevation Description
1 -0.042 -0.044 -0.041 CP 1
2 0.064 -0.043 -0.031 CP 2
3 -0.041 0.091 -0.034 CP 3
4 -0.041 0.054 0.027 CP 4
5 0.008 0.037 0.074 CP 5
6 -0.002 -0.004 -0.135 CP 6
7 -0.013 0.065 -0.074 CP 7
8 -0.064 0.075 -0.122 CP 8
9 0.119 0.020 -0.114 CP 9

10 -0.049 0.085 -0.054 CP 10
11 -0.056 0.009 0.059 CP 11
12 -0.047 0.084 -0.147 CP 12
21 -0.052 0.056 -0.057 CP 21
22 -0.049 0.125 -0.046 CP 22
23 0.005 0.139 -0.169 CP 23
24 -0.004 0.110 -0.129 CP 24
25 -0.070 0.025 -0.087 CP 25
26 -0.033 0.105 -0.162 CP 26

101 -0.040 -0.083 0.158 CP 101
102 -0.053 0.033 -0.051 CP 102
103 -0.049 0.103 -0.112 CP 103
104 -0.059 0.068 -0.108 CP 104
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Table 6 - Control Point Difference TGO - RTN Solutions

GIS
The analysis portion of this research consisted of creating and comparing ArcMap shapefiles and raster
imagery from survey data collected in the field (LiDAR, GPS, and Conventional). The area to be
considered  for  this  part  of  the  survey  was  the  Central  Wastewater  Treatment  Plant  (CWWTP).  The
CWWTP - Original Raster Model began as an American Standard Code for Information Interchange (.asc)
file containing a northing, easting, and elevation for the points collected during the survey. This .asc file
was used to create a point shapefile for each unique position. From this shapefile a Tagged Image
Format (.tif) raster image was created using ArcMap’s feature to raster tool, using elevation in feet as
the assigned value. (See Figure 2)

The main purpose for the examination/analysis of this geospatial data was to see how a GIS, in
this instance ArcMap could be used to compare data from identical project area taken at two different
points in time. The data from both of these hypothetical situations had to be created as random
scenarios so that the new datasets could be compared to the original dataset.

Scenario one was chosen to represent how an entire levee could be analyzed as changes
occurred  to  the  levee  over  a  long  period  of  time.  To  create  this  hypothetical  situation  we  copied  the
original point shapefile and randomly applied a calculation to a newly created field (Elev_Form). This
new shapefile was then used to create a .tif  raster in the same method as the original point shapefile.
(See Figure 3)  Then both of  the rasters  were compared and a  new raster  (CWWTP-Elev  Formula)  was
created by using ArcMap’s Raster Math Tools (in this case it was the Minus tool). The values were
calculated by taking the value of the CWWTP - Original raster and subtracting the corresponding values
of the future CWWTP-Elev Formula raster. (See Figure 4)

Scenario two was chosen to represent how a failure in the levee could be analyzed as changes
occurred  to  the  levee  in  one  drastic  event  (i.e.  a  utility  pipe  failure  or  landslide).  To  create  this

Pt. No. Northing Easting Elevation Description
1 -0.041 0.021 0.109 CP 1
2 -0.023 0.017 0.079 CP 2
3 0.000 0.041 0.026 CP 3
4 -0.023 0.073 0.177 CP 4
5 0.017 0.038 0.164 CP 5
6 -0.009 0.065 -0.015 CP 6
7 -0.011 0.026 0.016 CP 7
8 -0.049 -0.004 0.108 CP 8
9 -0.023 0.033 0.186 CP 9

10 0.011 0.011 0.056 CP 10
11 0.006 0.034 0.219 CP 11
12 0.009 0.016 0.033 CP 12
21 -0.035 0.045 0.173 CP 21
22 0.005 0.055 0.124 CP 22
23 0.037 0.086 -0.009 CP 23
24 0.011 0.076 -0.019 CP 24
25 -0.001 0.061 0.093 CP 25
26 -0.001 0.069 0.038 CP 26

101 0.044 0.074 0.048 CP 101
102 0.017 0.030 0.019 CP 102
103 -0.031 0.072 0.058 CP 103
104 0.030 0.042 0.042 CP 104
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hypothetical situation we again copied the original point shapefile and randomly applied a calculation to
just a small portion of the levee in a newly created field (Elev_Fail). This new shapefile was then use to
create  a  .tif  raster  in  the  same  method  as  the  original  point  shapefile.  Then  both  of  the  rasters  were
compared and a new raster (CWWTP-Elev Failure) was created by using the identical method as the
CWWTP-Elev Formula raster. (See Figure 5)

It  is  easy  to  see  that  in  these  two  instances,  as  well  as  other  scenarios,  GIS  would  be  a  very
valuable method to quickly see how a site changes in normal and emergency situations.

Figure 2 – CWWTP – Original Raster
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Figure 3 – CWWTP – Elev Formula Raster

Figure 4 – CWWTP – Elev Formula Difference
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Figure 5 – CWWTP – Elev Failure Difference

Results
Existing Control Checks in the Project Area
After the geodetic survey control was completed and processed, a series of quality control checks were
performed utilizing  a  Trimble  GNSS GPS Receiver  and a  Trimble 5800 GPS Receiver.  Most  points  were
surveyed with a minimum of two independent averaged measurements. A minimum of 180 epochs RTN
measurements were collected with each observation. There were two (2) different types of points that
were  checked.  The  first  set  that  was  checked  were  from  a  2003  USACE  set  survey  control,  which
consisted of six (6) control points in the project area. Of those six (6), four (4) were recovered and two
(2) were discovered as destroyed. (See Table 7)

Pt. No. Northing Easting Elevation Description
1 -0.069 0.076 -0.176 TRM1
2 MONUMENT DESTROYED TRM2
3 -0.016 -0.044 0.011 TRM3
4 MONUMENT DESTROYED TRM4
5 0.035 -0.151 -0.043 TRM5
6 -0.017 -0.145 0.066 TRM6

Table 7 – USACE Survey Control Point Differences

Several local surveying and engineering firms performed work in the project area for the City of Dallas.
During the course of the project control set by URS Corporation was checked (71 points including 5
Texas Department of Transportation (TxDOT) monuments). (See Table 8)
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PT # N E ELEV PT # N E ELEV PT # N E ELEV

GPS-01 -0.075 0.017 0.077 GPS-26 -0.021 -0.001 0.113 GPS-51 0.053 -0.040 0.182

GPS-02 -0.026 -0.022 0.043 GPS-27 0.011 0.038 0.063 GPS-52 -0.021 -0.029 0.062

GPS-03 0.002 -0.035 0.058 GPS-28 -0.026 0.008 -0.030 GPS-53 -0.005 0.046 0.032

GPS-05 -0.034 0.042 0.088 GPS-29 0.000 -0.004 0.112 GPS-54 -0.019 -0.043 0.042

GPS-06 -0.081 0.070 0.076 GPS-30 -0.015 -0.021 0.123 GPS-55 -0.058 0.019 0.032

GPS-07 0.008 0.074 0.182 GPS-32 0.019 0.023 0.102 GPS-56 -0.030 -0.019 0.036

GPS-08 -0.020 -0.008 0.069 GPS-33 -0.027 0.056 0.159 GPS-57 -0.104 -0.030 0.010

GPS-09 -0.008 0.004 0.159 GPS-34 -0.033 -0.003 0.159 GPS-58 -0.088 -0.013 -0.016

GPS-10 -0.025 0.015 0.122 GPS-35 0.021 0.029 0.168 GPS-59 -0.009 -0.076 0.124

GPS-11 -0.012 -0.041 0.175 GPS-36 0.014 0.023 0.129 GPS-60 -0.021 -0.009 0.207

GPS-12 -0.035 -0.029 0.190 GPS-37 -0.069 0.045 0.101 GPS-61 0.009 -0.039 0.173

GPS-13 -0.062 0.038 0.012 GPS-38 -0.009 0.015 0.113 GPS-62 -0.012 -0.030 0.034

GPS-14 -0.041 -0.052 0.138 GPS-39 0.049 0.011 0.216 GPS-63 -0.058 -0.033 0.126

GPS-15 0.040 -0.021 0.098 GPS-40 0.013 -0.015 0.187 GPS-64 -0.032 0.013 0.123

GPS-16 -0.043 0.066 0.027 GPS-41 -0.044 -0.004 0.096 GPS-65 -0.058 0.009 0.133

GPS-17 -0.031 -0.022 -0.001 GPS-42 -0.054 -0.007 0.103 GPS-66 -0.041 -0.006 0.081

GPS-18 -0.040 -0.050 0.190 GPS-43 -0.007 0.042 0.151 D0570046 -0.032 0.098 0.088

GPS-19 0.006 -0.056 0.086 GPS-44 -0.012 -0.008 0.094 D0570036 -0.022 0.093 0.048

GPS-20 -0.010 -0.042 0.088 GPS-45 0.071 -0.022 0.144 R0570107 -0.155 0.075 -0.125

GPS-21 0.009 0.008 0.106 GPS-46 -0.085 -0.018 0.082 R0570127 0.056 -0.032 0.030

GPS-22 -0.014 0.010 0.179 GPS-47 -0.002 -0.014 0.101 R0570130 -0.141 0.026 0.090

GPS-23 0.003 0.007 0.113 GPS-48 -0.018 0.019 0.053

GPS-24 0.023 0.031 0.079 GPS-50 -0.003 -0.024 0.058
       Table 8 – URS Survey Control Point Differences

Re-establishment of the Trinity River Levee Baselines
East, West, and CWWTP Levee Baselines
To move East, West, and CWWTP Baselines from the baseline received in Microstation drawing format,
the following measures were taken:

1. Actual center lines of the levees was established by determining the current width of the levees
at various locations, then calculating a center line point and taking a shot on that mid-point.

2. Based on the known levee baseline, it was discovered that the centerline shots differed by
approximately one foot.

3. One of the original control monuments used in the Dimensional Control Drawing for CWWTP
was found; Control Point # 103. This was the point used to move the levee centerline towards
our values obtained by shooting the same monument in with our calibration file using the RTN
network twice at 180 epochs.

4. Horizontally, the NGS database was analyzed to find shift in horizontal position in between
NAD83(1996) and NAD83(1986) adjustment. Analysis and recalculation from Latitudes and
Longitudes to Northing and Easting show a horizontal shift vector of -1.5USft+/-, which is very
close to the vector calculated from obtained differences.
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Rochester Levee Baseline
To move an approximated Rochester Park Levee Baseline received on a Microstation drawing format,
the following measures were taken:

1. Actual center lines of the levees was established by determining the current width of the levees
at various locations, then calculating a center line point and taking a shot on that mid-point.

2. Based on the known levee baseline, it was discovered that the centerline shots differed by
approximately 24 feet.

3. Two of the original control monuments used in the Dimensional Control Drawing for Rochester
Park  were  found;  Control  Point  #  2  and  #6.  These  were  the  points  used  to  move  the  levee
centerline towards our values obtained by shooting the same monument in with our calibration
file using the VRS network twice at 180 epochs.

4. The approximated received baseline was moved based on obtained shots in the field as best fit
and the vector is as follows:
Direction:  North 29 degrees 51 minutes 51 seconds East, a distance of 23.743’

Project Deliverables
Final submittal of data consisted of:  break lines, contours (including triangles), DTM, point ASCII

files, planimetrics and point-to-point comparison of acquired high confidence ground survey points by
surveying methods, including imagery files, mobile LiDAR video and point clouds obtain by airborne and
mobile platforms. QA/QC of received files from LiDAR campaign consisted of checking individual files
received in accordance to LiDAR Specifications and Accuracy and FEMA Compliance predicted by
contract for this project. Using statistics and least squares, geospatial professionals can analyze their
observations, adjust these values to find the most probable solution to any set of equations, and
compute post adjustment statistics to aid in further analysis and understanding about the precisions of
their data. In fact, it may be stated that statistics are the cornerstone around which all geospatial
professionals manage their observations. To obtain goal of QA/QC, the QA/QC included a percentage of
shots acquired in the field during survey sessions to compare and obtain average magnitude of the shift,
root mean square and standard deviation better than 0.15’ in both systems used, airborne and mobile
LiDAR – especially as it pertains to vertical. (See Tables 9 and 10) The elevations can be incorporated and
utilized for a variety of applications including terrain reductions for regional geoid modeling,
characterization of urban areas and assessing the absolute vertical accuracy of existing (global) DEMs, to
name a few.

LEVEE NO. OF OBSERVATIONS HORIZONTAL RMSE
EAST 9 0.076
WEST 18 0.081

CWWTP 22 0.039

ROCHESTER 18 0.050

Table 9 - Horizontal Quality Check
LEVEE NO. OF OBSERVATIONS VERTICAL RMSE
EAST 950 0.056
WEST 468 0.057

CWWTP 244 0.058

ROCHESTER 174 0.057

Table 10 - Vertical Quality Check



15

Conclusions
The importance of combining data obtained by conventional surveying methods, GPS and LiDAR and
using GIS for presentation of the data were given. The data collection and deliverable time frames were
expedited, much faster than through conventional survey means. Results obtained for final deliverables
showed evidence of synergy in between all of these methods. Combination of these methods will play
more  important  roles  in  future  projects.  Investment  in  LiDAR,  GIS,  and  GPS  will  have  a  large  future
payback. Cross sections can be made anywhere and at any spacing chosen after the survey. Repeat
scans of the levees by mobile LiDAR, covering a narrower swath, can be compared against the baseline
scan to detect and analyze change, as it was shown in this paper using GIS application. If material is
added to  the top of  the levee,  a  later  scan of  the levee itself  can be done to  check the as-built  as  to
added height/ width and volume of material.

Using CEMVN JAMB software and work flow to create a GIS-based plan and profile maps could
bring more benefits in the future regarding significant cost and time savings. The USACE’s use of this
capability sheds light that GIS could possibly have a larger role in deliverables and software used by
government agencies.

GPS, LiDAR and GIS have transformed the survey and mapping world. With the advent of GPS in
the 1990s, LiDAR has taken an enormous step forward in being able to provide accurate data for difficult
survey operations.

It is hoped that this paper will provide an insight into the possibilities of LiDAR, GPS and GIS, and
will stimulate discussion regarding the synergy of these methods to carry out surveying and mapping
project. Given the flexibility of the methods and its progresses, it seems reasonable that any large
project would at least consider its use together.
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