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Executive Summary

The primary purpose of this project was to develop a consistent and accurate surfaceslevation
dataset derived from high-accuracy Light Detection and Ranging (LiDAR) technology for the
OsceolaProject Area.

The LIiDAR data were processedand classified according to project specifications. Detailed
breaklines and bare-earth Digital Elevatio n Models (DEMs) were produced for the project area.
Data was formatted according to tiles with each tile covering an area of2,500 feet by 2,500 feet.
A total of 7292 tiles were produced for the project encompassing an area of approximately1,566
sq. miles.

THE PROJECT TEAM

Dewberry served as the prime contractor for the project. In addition to project management,
Dewberry was responsible for LAS classification, all LIDAR products, breakline production,
Digital Elevation Model (DEM) production, and quali ty assurance.

Preble-Ri s h [Freadericld G. Rankinompleted ground surveying for the project and delivered
surveyed checkpoints. His task was to acquire surveyed checkpoints for the project to use in
independent testing of the vertical accuracy of the LIDAR-derived surface model. He also verified
the GPS base station coordinates used during LIDAR data acquisition to ensure that the base
station coordinates were accurate. Please see Appendix Afor the Ground Control survey report
and Appendix B for the Checkpoint survey report that were created for this portion of the project.

Aerial Cartographics of America, Inc (ACA) completed LIiDAR data acquisition and data
calibration for the project area.

SURVEY AREA

The project area addressed by this report flls within the Florida counties of Osceola, Polk and
Orange.

DATE OF SURVEY
The LiDAR aerial acquisition was conducted from January 21, 2016 and April 13, 2016.

COORDINATE REFERENCE SYSTEM

Data produced for the project were delivered in the following re ference system.
Horizontal Datum: The horizontal datum for the project is North American Datum of
1983 with the 2011 Adjustment (NAD 83 (2011))
Vertical Datum:  The Vertical datum for the project is North American Vertical Datum
of 1988 (NAVDS88)
Coordinate System:  Florida State Plane East (FIPS 0901)
Units: Horizontal units are in US Survey Feet Vertical units are in US Survey Feet
Geiod Model:  Geoid12B (Geoid 12Bwvas used to convert ellipsoid heights to

orthometric heights).

# Dewberry
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LIDAR VERTICAL ACC URACY

For the OsceolaLiDAR Project, the tested RMSE; of the classified LIDAR data for checkpoints in
non-vegetatedterrain equaled 0.14 ft ( 4.26 cm) compared with the 0.33 ft (10cm) specification;
and the NVA of the classified LIDAR data computed using RMSE; x 1.9600 was equal t00.27 ft
(8.23 cm) , compared with the 0.64ft (19.6cm) specification.

For the OsceolaLiDAR Project, the tested VVA of the classified LIDAR data computed using the
95t percentile was equal t00.45 ft ( 13.7cm) compared with the 0.96 ft (29.4 cm) specification.

Additional accuracy information and statistics for the classified LIDAR data, raw swath data, and
bare earth DEM data are found in the following sections of this report.

PROJECT DELIVERABLES
The deliverables for the project are listed below.

Raw Point Cloud Data (Swaths)

Classified Point Cloud Data (Tiled)

Bare Earth Surface (Raster DEMi IMG Format)

Intensity Images (8 -bit gray scale, tiled, GeoTIFF format)
Breakline Data (File GDB)

Contours(File GDB, Tiled)

Low Confidence Polygons

Independent Survey Checkpoint Data (Report, Photos, & Points)
. Calibration Points

10. Metadata

11. Project Report (Acquisition, Processing, QC)

12. Project Extents, Including a shapefile derived from the LiDAR Deliverable

CONOUTRWNE

# Dewberry
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PROJECT TILING FOOTP RINT

Seven thousand two hundredninety two (7292) t i |l es wer e delivered for
extent is 2,500 feet by 2,500 feet (see AppendixC for a complete listing of delivered tiles) .

Osceola LIDAR Project Area

Lake) §;|‘ ? Orange
Brevard
Osceola
.
Indran River
South Caroling|
Highlands Okeechobee

Legend
[ roject Boundary
[ | County Boundary
D State Boundary N

Project Tile Gnd

Water

Figure 1- Project Map
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Li DAR Acqui sition Report

Dewberry elected to subcontract the LIiDAR acquisition and calibration activities to Aerial
Cartographics of America Inc. (ACA). ACA was responsible for providing LIDAR acquisition,
calibration and delivery of LIiDAR data files to Dewberry.

Dewberry received calibrated swath data from ACA on May 9, 2016.
LIDAR ACQUISITION DE  TAILS

ACA planned 381 passes for the project area as a series of parallel flight lines with cross flight

lines for the purposes of quality control. The flight plan included zigzag flight line collection as a

result of the inherent IMU drift associated with all IMU systems. In order to reduce any margin

for error in the flight plan, ACA foll owed FEMAOGsS
and, at a minimum, includes the following criteria:

1 Adigital flight line layout using Track Air flight design sof tware for direct integration
into the aircraft flight navigation system.

1 Planned flight lines; flight line numbers; and coverage area.

91 LiDAR coverage extended by a predetermined margin beyond all project borders to
ensure necessary overedge coverageappropriate for specific task order deli verables.

9 Local restrictions related to air space and any controlled areas have been investigated
so that required permissions can be obtained in a timely manner with respect to
schedule. Additionally, ACA will file our flight plans as required by local Air Traffic
Control (ATC) prior to each mission.

ACA monitored weather and atmospheric conditions and conducted LIiDAR missions only when
no conditions existed below the sensor that would affect the collection of data. These conditions
included leaf-off for hardwoods, no snow, rain, fog, smoke, mist and low clouds. LIiDAR systems
are active sensors, not requiring light, thus missions may be conducted during night hours when
weather restrictions do not prevent collection. ACA accesses reliable weather sites and
indicators (webcams) to establish the highest probability for successful collection in order to
position our sensor to maximize successful data acquisition.

Within 72 -hours prior to the planned day(s) of acquisition , ACA closely monitored the weather,
checking all sources for forecasts at least twice daily. As soon as weather conditions were
conducive to acquisition, our aircraft mobilized to the project site to begin data collection. Once
on site, the acquisition team took responsibility for weather analysis.

ACA LIiDAR sensors are calibrated at a designated site located at the Kissimmee Airport in
Kissimmee, Florida and are periodically checked and adjusted to minimize corrections at project
sites.

LIDAR SYSTEM PARAMETERS

ACA operated a Cessna 206 (Tail # N948IT) outfitted with a Riegl LMS-Q680i LIiDAR system
during the collection of the study area. Table 1 illustrates ACA system parameters for LiDAR
acquisition on this project.



Osceola Lidar Project
TO# G15PD00887
October 21, 2016
Page9 of 122

a » aY fa'
dld

System Riegl LMS-Q680i
Altitude (AGL meters) 701 m/2300 Ft
Approx. Flight Speed (knots) 110 knots
Scanner Pulse Rate (kHz) 280 kHz
Scan Frequency (hz) 120 (1/s)
Pulse Duration of the Scanner (microseconds) 0.005553571
Pulse Width of the Scanner (m) 0.351m
Swath width (m) 809.49 m
Central Wavelength of the Sensor Laser 1550
(nanometers)

Did the Sensor Operate with Multiple Pulses in The

Air? (yes/no) Yes
Beam Divergence (milliradians) 0.5 mrad
Nominal Swath Width on the Ground (m) 809.49 m
Swath Overlap (%) 55%
Total Sensor Scan Angle (degree) 60
Computed Down Track spacing (m) per beam 0.47m
Computed Cross Track Spacing (m) per beam 0.429 m
Nominal Pulse Spacing (single swath), (m) 0.45m
Nominal Pulse Density (single swath) (ppsm), (m) 4.94
Aggregate NPS (m) (if ANPS was designed to be 0.45 m
met through single coverage, ANPS and NPS will :

be equal)

Aggregate NPD (m) (if ANPD was designed to be 4.94m
met through single coverage, ANPD and NPD will :

be equal)

Maximum Number of Returns per Pulse 7

Table 1: ACA LIDAR System Parameters

ACQUISITION STATUS R EPORT AND FLIGHTLINE S

Upon notification to proceed, the flight crew loaded the flight plans and validated the flight
parameters. The Acquisition Manager contacted air traffic control and coordinated flight
pattern requirements. LIiDAR acquisition began immediately upon notification that control base
stations were in place. During flight operations, the flight crew monitored weather and
atmospheric conditions. LiDAR missions were flown on ly when no condition existed below the
sensor that would affect the collection of data. The pilot constantly monitored the aircraft
course, position, pitch, roll, and yaw of the aircraft. The sensor operator monitored the sensor,
the status of PDOPs, andperformed the first Q/C review during acquisition. The flight crew
constantly reviewed weather and cloud locations. Any flight lines impacted by unfavorable
conditions were marked as invalid and re-flown immediately or at an optimal time.

Figure 2 shows the combined trajectory of the flight lines.

1899),

@ Dewberry



Osceola Lidar Project
TO# G15PD00887
October 21, 2016
Pagel0 of 122

Figure 2: Trajectories as planned by ACA

LIDAR CONTROL

Two Leica GS14 base stations were used during each flight. Each base station was set on one of
the closest of the sixteen NGS monuments recovered as pdrof the project. These base stations
were used to control the LIDAR acquisition for the Osceola County QL2LIDAR project area. The
coordinates of all used base stations are provided in the table below.

Dewberry
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NAD83(2011) Florida State Plane East Zone
Orthometric Ht (NAVD88

Geoid12B,ft)
Easting X (ft) Northing Y (ft)

AB5478 631573.38 1374800.82 75.141
AB5482 604549.95 1433053.94 69.412
AB5498 508908.72 1426446.69 78.999
AB5503 505940.89 1405986.06 74.881
AF6097 614001.26 1311079.64 68.714
AF6121 606515.82 1256753.59 60.579
AF6134 631895.46 1243075.86 69.502
AF7103 599246.59 1330578.47 75.376
AF7643 570148.21 1262168.84 61.564
AK6933 655130.15 1432707.69 65.986
AK6935 678778.58 1375220.92 50.157
AK7111 477009.28 1427522.14 86.404
CW6769 580462.92 1395969.10 72.956

DJ8307 697553.66 1217516.51 53.967
DL6642 515785.19 1440218.98 76.795

AK7134 493426.95 1475306.44 105.9

Table 21 Base Stations used to control LIDAR acquisition

AIRBORN E GPS KINEMATIC

Airborne GPS data was processed using the Applanix MMS PosPac V7.2 software suite. Flights
were flown with a minimum of 6 satellites in view (13° above the horizon) and with a PDOP of
better than 4. Distances from base station to aircraft were kept to a maximum of 25km.

For all flights, the GPS data can be classified as excellent, with GPS residuals of 3cm average or
better but no larger than 10cm being recorded.

GPS processing reports for each mission are included as a separate Appendi® so as not to add
over 100 pages to this report.

GENERATION AND C ALI BRATION OF LASER POl NTS (RAW DATA)

The initial step of calibration is to verify availability and status of all needed GPS and Laser data
against field notes and compile any data if not complete.

Subsequently the mission points are output using Riegl Riprocess initially with default values
from Riegl or the last mission calibrated for the system. The initial point generation for each
mission calibration is verified within Microstation/ Terramatch for calibration errors. If a
calibration error greater than specification is observed within the mission, the roll, pitch and
scanner scale corrections that need to be applied are calculated. The missions with the new
calibration values are regenerated and validated internally once again to ensure quality.

# Dewberry
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Data collected by the LIDAR unit is reviewed for completeness, acceptable density and to make
sure all data is captured without errors or corrupted values. In addition, all GPS, aircraft

traje ctory, mission information, and ground control files are reviewed and logged into a
database.

On a project level, a supplementary coverage check is carried out to ensure no data voids
unreported by Field Operations are present.
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Figure 371 LIDAR Swath o utput showing complete coverage.
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BORESIGHT AND RELATI  VE ACCURACY

The initial points for each mission calibration are inspected for flight line errors, flight line
overlap, slivers or gaps in the data, point data minimums, or issues with the LIDAR unit or G PS.
Roll, heading, pitch and scanner scale are optimized during the calibration process until the
relative accuracy is met.

Relative accuracy and internal quality are checked using at least 3 regularly spaced QC blocks in
which points from all lines are | oaded and inspected. Vertical differences between ground
surfaces of each line are displayed. Color scale is adjusted so that errors greater than the
specifications are flagged. Cross sections are visually inspected across each block to validate
point to p aint, flight line to flight line and mission to mission agreement.

For this project the specifications used are as follow:
Relative accuracy <= 6cm RMSDz within individual swaths and <=8 cm RMSDz between
adjacent and overlapping swaths.

Figure 4 i Profile views showing correct roll and pitch adjustments.

-
P
3

Colors \
0100

Ee

-0.100

Figure 5 1 QC block colored by distance to ensure accuracy at swath edges.

A different set of QC blocks are generated for final review after all transformations have been
applied.




Osceola Lidar Project
TO# G15PD00887
October 21, 2016
Pagel4of 122

PRELIMINARY VERTICAL ACCURACY ASSESSMENT

A preliminary RMSE ; error check is performed by ACA at this stage of the project life cycle in
the raw LIiDAR dataset against GPS static and kinematic data and compared to RMSEproject
specifications. The LIDAR data is examined in non-vegetated, flat areas away from breaks.
LiDAR ground points for each flight line generated by an automatic classification routine are
used.

Prior to delivery to Dewberry, t he elevation data was verified internally to ensure it met Non-
vegetated Vertical Accuracy (NVA) requirements (RMSE, O 1 0/0.38 f and Accuracy at the
95% conf i denc el0.64dtywhen campdrél to&tatic and kinematic GPS
checkpoints. Below is a summary for the test:

The calibrated Osceola County QL2LID AR dataset was tested to 0.188 FT vertical accuracy at
95% confidence level based on RMSE(0.096 FT x 1.9600) when compared to 25 GPS static
check points. The following are the final statistics for the GPS static checkpoints used byACA to
internally veri fy vertical accuracy.

NAD83(2011) Florida State NAVD88
Plane East Zone (Geoid 12B)
Number Laser Z (ft)

Delta Z

: ing Y

680191.877 1452296.979 40.410 40.440 +0.030
698276.228 1322140.535 34.814 34.770 -0.044
692661.909 1211402.002 69.153 69.070 -0.083
618197.017 1221056.935 55.706 55.710 +0.004
533875.931 1326659.484 52.388 52.390 +0.002
B 649572.831 1287863.477 70.849 70.910 +0.061
635371.914 1385010.711 76.048 75.950 -0.098
B 494342.953 1389521.856 71.943 71.860 -0.083
I 445328.454 1430756.615 192.147 192.390 +0.243
465100.214 1434611.408 106.965 107.100 +0.135
454218.150 1482342.163 130.943 131.170 +0.227
471486.710 1479657.440 97.054 97.040 -0.014
489034.678 1466499.464 98.750 98.800 -0.014
515232.165 1455748.200 84.815 84.740 -0.075
600059.199 1455463.458 64.891 64.720 -0.171
595538.905 1261643.809 56.731 56.720 -0.011
556025.484 1419419.156 73.098 73.190 +0.092
657725.716 1432623.766 67.133 67.030 -0.103
658221.704 1232725.191 69.599 69.650 +0.051
594718.403 1336001.148 71.980 71.980 +0.000
510923.280 1426934.560 66.280 66.290 +0.010
681573.632 1373748.832 55.865 55.860 -0.005
691348.461 1268127.684 60.964 60.870 -0.094
567514.711 1367373.382 66.612 66.550 -0.062
645796.080 1339420.971 67.008 67.010 -0.062

Table 3 - Static GPS Vertical Accuracy Results

AQE9,
{ase
',3&30.'
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Dewberry
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Overall the calibrated LIDAR data products collected by ACA meet or exceed the requirements
set out in the Statement of Work. The quality control requirements of ACA quality management
program were adhered to throughout the acquisition stage for this project to ensure product
quality.

LIDAR Processing & Qualitative Assessment

INITIAL PROCESSING

Once Dewberry receives the calibrated swath data from the acquisition provider, Dewberry
performs several validations on the dataset prior to starting full -scale production on the project.
These validations include vertical accuracy of the swath data, inter-swath (between swath)
relative accuracy validation, intra -swath (within a single swath) relative accuracy validation,
verification of horizontal alignment between swaths, and confirmation of point density and

spatial distribution. This initial assessme nt allows Dewberry to determine if the data are

suitable for full -scale production. Addressing issues at this stage allows the data to be corrected
while imposing the least disruption possible on the overall production workflow and overall
schedule.

Fin al Swath Vertical Accuracy Assessment

Once Dewberry received the calibrated swath data fromACA, Dewberry tested the vertical
accuracy of the nonvegetated terrain swath data prior to additional processing. Dewberry tested
the vertical accuracy of the swath data using theninety -one non-vegetated (open terrain and
urban) independent survey check points. The vertical accuracy is tested by comparing survey
checkpoints in non-vegetated terrain to a triangulated irregular network (TIN) that is created
from the raw swath points. Only checkpoints in non -vegetated terrain can be tested against raw
swath data because the data has not undergone classification technigues to remove vegetation,
buildings, and other artifacts from the ground surface. Checkpoints are always compared to
interpolated surfaces from the LiDAR point cloud because it is unlikely that a survey checkpoint
will be located at the location of a discrete LIDAR point. Dewberry typically uses LP360 software
to test the swath LIDAR vertical accuracy, Terrascan software to test the classified LIDAR
vertical accuracy, and Esri ArcMap to test the DEM vertical accuracy so that three different
software programs are used to validate the vertical accuracy for each project. Project
specifications require a NVA of 19.6 cm(0.64 ft) based on the RMSE (10 cm/0.33 ft ) x 1.96. The
dataset for the OsceolaLiDAR Project satisfies this criteria. This raw LIDAR swath data set was
tested to meet ASPRS Positional Accuracy Standards for Digital Geospatial Data (2014) for a 10
cm (0.33ft) RMSE; Vertical Accuracy Class. Actual NVA accuracy was found to be RMSE=
8.8cm (0.29ft) , equating to +/- 17cm (0.56 ft) at 95% confidence level. The table below shows
all calculated statistics for the raw swath data.

NVA - Non -
RMSEz (ft) vegetlated
4 of NVA Vertical Std :
. _ Accuracy ew | Dev | Min | Max b iosis
Points Specf—0.33 ((RMSEz x () (ft) (ft)
L 1.9600)
Spec=0.64 ft

e
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Non-

Vegetated
Terrain 91 0.29 0.56 0.05 0.01 6.58 0.28 -0.33 242 55.00

Table 4 : NVA at 95% Confidence Level for Raw Swaths

One checkpoint (NVA-38) was removed from the raw swath vertical accuracy testing due to its
location outside the project boundary. Figure 6, below, showsthe location of the LIiDAR point
outside the project boundary.
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Figure 61 Non - Vegetated checkpoint 38, shown outside the project boundary.

Inter -Swath (Between Swath) Relative Accuracy

Dewberry verified inter -swath or between swath relative accuracy of the dataset by creating
Delta-Z (DZ) orthos. According to the SOW, USGS LIiDAR Base Specifications v2, and ASPRS
Positional Accuracy Standards for Digital Geospatial Data, 10 cm Vertical Accuracy Class or QL2
data must meet inter -swath relative accuracy of 8 cm RMSDz or less with maximum differences
less than 16 cm. These measurements are to be takeminon-vegetated and flat open terrain
using single or only returns from all classes. Measurements are calculated in the DZ orthos on
1-meter pixels or cell sizes. Areas in the dataset where overlapping flight lines are within 8 cm of
each other within each pixel are colored green, areas in the dataset where overlapping flight
lines have elevation differences in each pixel between 8 cm12 cm are colored yellow, and areas
in the dataset where overlapping flight lines have elevation differences in each pixd greater than
12 cm are colored red. Pixels that do not contain points from overlapping flight lines are colored
according to their intensity values. Areas of vegetation and steep slopes (slopes with 12 cm or
more of valid elevation change across 1 linar meter) are expected to appear yellow or red in the
DZ orthos. If the project area is heavily vegetated, Dewberry may also create DZ Orthos from
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the initial ground classification only, while keeping all other parameters consistent. This allows
Dewberry to review the ground classification relative accuracy beneath vegetation and to ensure
flight line ridges or other issues do not exist in the final classified data.

Flat, open areas are expected to be green in the DZ orthos. Large or continuous sectits of yellow
or red pixels can indicate the data was not calibrated correctly or that there were issues during
acquisition that could affect the usability of the data, especially when these yellow/red sections
follow the flight lines and not the terrain or areas of vegetation. The DZ orthos forOsceolaare
shown in the figure below; this project meets inter -swath relative accuracy specifications.

Figure 7 T At full project scale, there are a few areas of red that appear to follow flight lines and
suggest relative accuracy issues. Dewberry verified these areas and confirmed that water bodies,
vegetation, and slope were the cause of higher DZ values in these locations. An example is shown in
the figure below. Inter -swath relative accuracy for the Osceola Lidar Project meets specifications
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Figure 8 - This image shows a close -up of one the red areas shown in the figure above where DZ
values between swaths exceed 16 cm. Dewberry verified these areas and confirmed the differences
are due to water bodies, veg etation, and sloped terrain.

Intra -Swath (Within a Single Swath) Relative Accuracy

Dewberry verifies the intra -swath or within swath relative accuracy by using Quick Terrain
Modeler (QTM) scripting and visual reviews. QTM scripting is used to calculate the maximum
difference of all points within each 1-meter pixel/cell size of each swath. Dewberry analysts then
identify planar surfaces acceptable for repeatability testing and analysts review the QTM results
in those areas. According to the SOW, USGS LilAR Base Specifications v1.2, and ASPRS
Pasitional Accuracy Standards for Digital Geospatial Data, 10 cm Vertical Accuracy Class or QL2
data must meet intra-swath relative accuracy of 6 cmmaximum difference or less. The image
below shows two examples of the intra-swath relative accuracy ofOsceolg this project meets
intra -swath relative accuracy specifications.
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Figure 97 Intra -swath relative accuracy. The top image shows the full project area; areas where the
maxi mum di fference i s Oibeachswaihare colpredgedn and areas exceeding 6
cm are colored red. The bottom image is a close -up of a flat area. With the exception of
structures/forest (shown in red as the elevation/height difference in vegetated areas and along
structures  will exceed 6 cm) this open flat area is acceptable for repeatability testing. Intra -swath
relative accuracy passes specifications
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