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Project Area
The project area encompasses Jeffersoounty located in the state of Alabama. The total area of the project is
approximately 1,124 square miles or 2,911 square kilometers.

Figure 1: Project Area

Acquisition Dates
The Lidar survey was conducted between March 13th, 2013 and April 7th,20H8lditional supplemental coverage
flight was conducted on August 27, 2013.

Datum Reference
Data produced for the project were delivered in the following reference system.

Horizontal Datum: North American Datum of 1983

Vertical Datum: North American Veical Datum of 1988
Coordinate System: State Plane Alabama West (FIPS 0102)
Units: U.S. Survey Feet

Geoid Model: Geoid 03
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Lidar Acquisition Details

Atlantic acquired sixty three (63) passes for the project area as a series of parallel flight line®satflight 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, AtldntE ISR C9a! Q
' LIWSYRAE | da3dzARStAYySaég F2N) FEAIKG LXFYyyAy3d FyRS Fid |

1 Adigital flight line layout using LEICA MISSION PRO flight design software for direct integration into the
aircraft flight navigation system.

9 Lida coverage extended by a predetermined margin beyond all project borders to ensure necessary over
edge coverage appropriate for specific task order deliverables.

9 Local restrictions related to air space and any controlled areas were investigated so thiatdeq
permissions could be obtained in a timely manner with respect to schedule. Additionally, Atlantic Group files all
flight plans as required by local Air Traffic Control (ATC) prior to each mission.

Atlantic monitored weather and atmospheric conditicasd conducted Lidar missions only when no conditions exist
below the sensor that will affect the collection of data. These conditions includ®teffr hardwoods, no snow, rain,
fog, smoke, mist and low clouds. Lidar systems are active sensorsgnatrrg light, thus missions may be conducted
during night hours when weather restrictions do not prevent collection. Atlantic accessed reliable weather sites and
indicators (webcams) to establish the highest probability for successful collection intongesition our sensor to
maximize successful data acquisition.

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

Atlantic Lidar sensors are calibrated at a designated site located at the Fayettiéutlicipal Airport (FYM) in
Fayetteville, TN are periodically checked and adjusted to minimize corrections at project sites.
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Acquisition Equipment
Atlantic operated a Piper Navajo (Tail # N732JE) outfitted with a Leica-APIA@ar systemuring the collection of the
project area. Table 1 represents a list of the features and characteristics for the LeicaHR_Bidar system:

LGt FyaAaoQa {Syaz2NJ/ KI NI O
Leica ALS7#BIP

Manufacturer| Leica
Model | ALS70 HP
Platform | Fixedwing

Scan Patterr sine, triangle, raster
sine 200
Maximum Scan rate (Hz) triangle 158
raster 120

Field of view (°] 0-75 (full angle, user adjustable)
Maximum Pulse rate (kHi 500
Maximum Flying height (m AG| 3500
Number of returns| unlimited
Numberof intensity measurementy 3 (first, second, third)
Roll stabilization (automatic adaptive,| 75 - active FOV
Storage medig removable 500 GB SSD
Storage capacity (hours @ max pulse rg 6

Scanner 37Wx68Lx26I

Size (cm) 45 Wx 47 D x 36
Control Electronicg H

Weight (kg) Scanner 43

Control Electronics 45

Operating Temperaturg 0-40 °C
Flight Managemen| FCMS
Power Consumptior] 927 W @ 22.030.3 VDC

¢FotS mY 'ihitFyGaAadQa {Syaz2N)/ KINIOGSNrRaiGAODa




Page6 of 76

Lidar System Parameters
Table 2A f f dza G NI G S &

LGt EyaAOQa

aeaidsSy LI NIFYSEHSNa

F2NJ [ ARl

Lidar System Acquisition Parameters

Item

Parameter

System

Leica ALS0 HP

Altitude (AGL meters

2000

Approx. Ground Speed (kt|

140

Laser Firing Rate (kH

270.4

ScarFrequency (hz|

32.9

Swath width (m)

1456

Swath Overlap (%

30

Line Spacing (m

982

Pass heading (degre

55

Field of View (degree

40

Points per meter*2 (m|

2.6

Scan Patterr

Sine

Lidar AcquisitionControl

Table 2: Lidar System Acquisition Parameters

A total of two (2) NGS monuments and one (1) set point were used to control the lidar acquisitiba Jefferson
Countyproject area. The coordinates of each are provided in the table below in NAD83 (2011), Geographic Coordinate

System, Ellipsdi Meters.

Name

AC(Q 0 O O oordinate
PID Latitude (N) Longitude (W) Ellipsoid (meters)
DH2734| 3347 19.66016 086 49 25.26613 122.710
DH2742| 3323 39.45046 086 57 16.53673 124.453
N/A 3318 48.08050 086 55 26.61380 183.217

Table 3: Acquisition Control Coordinates



Page7 of 76

Acquisition Status Report and Flightlines

Upon notification to proceed, the flight crew loaded the flight plans and validated the flight parameters. The Acquisitior
Manager contacted air trafficontrol and coordinated flight pattern requirements. Lidar acquisition began immediately
upon notification that control base stations were in place. During flight operations, the flight crew monitored weather
and atmospheric conditions. Lidar missiongg#own only 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 stattBROPs, and performed 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 andffewn immediately or at an optimal time.

Figure 2: Trajectories as flown by Atlantic
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Airborne GPS Kinematic

Airborne GPS data was processed using the Leica IPAS TC software. Flights were flown with a minimum of 6 satellites
view (13° above the horizon) and with a PDOP of better thadisances from base station to aircraft were kept to a
maximum of 40km.

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

Data collected by the lidar uni reviewed for completeness, acceptable density and to make sure all data is captured
without errors or corrupted values. In addition, all GPS, aircraft trajectory, mission information, and ground control files
are reviewed and logged into a database.

GP%rocessing reports for each mission are includedppendix A
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Generation and Calibration of Laser Points (raw data)

The initial step of calibration is to verify availability and status of all needed GPS and Laser data against field notes anc
compile any data if not complet¢. dzo0 & S1j dzZSy if 8> GKS YAaaAiAzy LRAYGA ' NB 2c
with default values from Leica or the last mission calibrated for the system. The initial point generation for each mission
calibration is verified within TerraScan using distance colored points to identify errors. If a calibration error greater tha
specificationis 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 output again and validated internally to ensure quality.
Once validated each output missi is imported into the GeoCue software package. Here a project level supplementary
coverage check is carried out to ensure no data voids unreported by Field Operations are present.

Figure 3: Lidar swath data showing complete coverage
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Relative Accuacy

For effective data management, each imported mission is tiled out in GeoCue to a project specific tile scheme or index
Relative accuracy and internal quality are then checked using a number of carefully selected tiles in which points from:
linesare loaded and inspected. Vertical differences between ground surfaces of each line are displayed by the
generation of Alifference colored intensity orthos in GeoCue. The color scale of these orthos are adjusted so that error:
greater than the specificains are flagged. Cross sections are visually inspected across each block to validate point to
point, flight line to flight line and mission to mission agreement. When available, surveyed control points are used to
supplement and verify the calibration die data.

Figure 4: Control Point Distribution

For this project the specifications used are as follows:

wSEtIFGABS | OO0dzNI O£ MErKdAHyo MATUR AGIAQRYRE w ad{g5F toKwithin: syiath ovErapo Hy T
(between adjacent swaths).
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Lidar Classification

The classification process begins with an initial classification macro that is applied through TerraScan. The macro uses
set of algorithms that classifies the Lidar point cloud into a specific classification scheme and servagiag dase for

the manual editing to begin. The following point cloud classification scheme is used at a minimum for each project.

Point Cloud Classification Scheme |

Code Description
1 Processed, but unclassified
2 Bareearth ground
7 Noise (low ohigh; manually identified; if needed)
9 Water
10 | Ignored Ground (breakline proximity)
11 | Withheld (if the Withheld bit is not implemented in processing softwarj

Table 4: Point Cloud Classification Scheme

Manual classification is performed with tAerraSolid class tools (TerraScan) and surface representation tools
(TerraModel). Real time shaded surfaces are used to identify classification anomalies and artifacts. Each tile is viewed
manual classification and quality assurance.

Breakline Collectn

Hydro break line collection is performed manually in ESRI ArcMap using a combination of the classified lidar bare eartt
surface; Lidar derived intensity orthos, and a terrain dataset. Break lines are drawn at the intersection of the water line
for all nland water bodies that are greater than two acres and all double line features that are greater than 30.5m
OmMnnFaGo AYy GARGKD® CAylFf oOoNBF]l fAySa INB GKS O2y@SNISI
surrounding lidar.

Hydro-Flattening

The LP360 ArcMap Extension allows break line conflation from lidar bare earth surface in real time display. The hydro
break lines are used to classify any ground points that fall within the hydro feature and a buffer class is applied to all
hydrofeatures. The break lines are the conflated in LP360 and are given a vertical elevation value from the surrounding
fARFNI LRAYyGad ¢g2 (elLlSa 2F O2yFtlrdAz2y FNB LISNF2N¥SR |
value and anotherforddzo £ S FSIF G dzZNBa GKIFG dzaSa | GaR2yKAffE Ff20A)

BareEarth DEM(S)

After hydro classification and conflation are complete the break lines are laid over the classified lidar data set along wit
the local tiling index. Bare Earth Digital Elevation Mo@@EMs) are then processed using LP360 extension and are told
G2 dzaS LINB@A2dzate O2yFtl 4GSR ONBIF]l fAYyS FAE{S (2 LINERI
floating point (*.tif) image file for each corresponding tile in the deatgd project area. Each final DEM is viewed in

Global Mapper to ensure proper flattening and downhill constraint.
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Vertical Accuracy Assessment

An RMSEerror check is performed by Atlantic at this stage of the project life cycle in the calibrated lidar data set agains
GPS static and kinematic data and compared to RM}ISiect specifications. Vertical Accuracy of the lidar data was
assessed and reportad accordance with guidelines developed by the National Digital Elevation Program (NDEP) and
subsequently adopted by the American Society for Photogrammetry and Remote Sensing (ASPRS). Guidelines are list

below in feet:

f  Fundamental Vertical Accuracy=(F 0 XXn & cz/9F4IRMSH.30ft)

T /2yaz2tARI{SR
 {dzLJLX SYSy il f

Guidelines are also listed below in meters:
f  Fundamental Vertical Accuracy (FVAM Yy @ M o, ©5% RMSH9I/25cm)

+ SNIi A OF fs, 939 RMGHELR.Z0R) 6 /
+ SNI A OF {2 OWORMEBELR.So8) 6 {

T /2yaz2tARI{SR
 {dzLJLX SYSydil f

+ SNI A O £ 95% GKSEMLID &
+ SNI A OF £ 95% GKISENIO &

o/

0 {

H+ I+

+ I+

' OXXHndpO
' OXHnopO

The following are the final statistics for the checkpoints used by Atlenmtierify vertical accuracy.

100 % of
Totals

Open Terrain

Check Point Validation

L OXnoynTi
L OXn oy n¥Fi

Y |
Y !

High Grass

Consolidated

RMSE Mean Median Skew | Std Dev # of Min Max
(ft) (ft) (ft) (ft) (ft) Points (ft) (ft)
0.275 -0.159 -0.175 0.098 | 0.242 20 -0.555 | 0.346
0.292 -0.189 -0.207 -0.082 | 0.229 20 -0.542 | 0.141
0.293 0.025 -0.006 0.357 | 0.299 20 -0.491 | 0.555
0.287 -0.104 -0.104 0.447 | 0.262 60 -0.555 | 0.555

100 % of
Totals

Table 5: Checkpoint Validation in Feet

Check Point Validation

Open Terrain

High Grass

Consolidated

RMSE Mean Median Skew | Std Dev # of Min Max
(m) (m) (m) (m) (m) Points (m) (m)
0.084 -0.048 -0.053 0.030 | 0.074 20 -0.169 | 0.105
0.089 0.058 -0.063 -0.025 | 0.070 20 -0.165 | 0.043
0.089 0.008 0.002 0.23 0.109 20 -0.150 | 0.169
0.087 0.08 -0.02 1.02 0.136 60 -0.169 | 0.169

Table 6: Checkpoint Validation in Meters
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The figures below illustrate the distribution of each land cover category checkpoints throughout the project area.
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Figure 5:0pen Terrain checkpoint Distribution
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Figure 6: Urban Checkpoint Distribution
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Figure 7: High Grass Checkpoint Distribution

As part of the vertical accuracy assessment the fully calibrated swath lidar data, including all returns and collected
points,is examined in open, flat areas and assessed for fundamental vertical accuracy. The following are the statistics f
the checkpoints used by Atlantic to verify the fundamental accuracy of the swath data.

Fundamental Vertical Accuracy of the LIDAR Pdwatta

Ct! @ CdzyRIYSyil ¢
Land Cover Category # of Points (RMSEXx 1.9600) Spec=0.60ft
Open Terrain 20 0.471

Table 7: Fundamental Vertical Accuracy of the Lidar Point Data in Feet

Fundamental Vertical Accuracy of the LIDAR Point Data

C+t! @ CdzyRI YSyYy il ¢
Land Cover Category # of Points (RMSEx 1.9600) Spec=18.13cm
Open Terrain 20 14.36

Table 8: Fundamental Vertical Accuracy of the Lidar Point Data in Centimeters
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The lidar digital elevation models are also examined in open, flat areas away from breaks and are assessed for
fundamental vertical accuracyhe following are the final statistics for checkpoints used by Atlantic to verify the FVA,
CVA, and SVA of the dexd digital elevation model vertical accuracy.

Digital Elevation Model Vertical Accuracy

/I ! o {z! o
Consolidated Supplemental
Vertical Accuracy| Vertical Accuracy
(95th Percentile) | (95th Percentile)

C+! @ Cdzyi
Vertical Accuracy

Land Cover Category| # of Points (RMSEX 1.9600)

S|SB Spec=0.80ft Target=0.80ft
Open Terrain 20 0.539
Urban 20 0.126
High Grass 20 0.540
Consolidated 60 0.353

Table 9: Digital Elevation Model Vertical Accuracy in Feet

Digital ElevationModel Vertical Accuracy

/I ! o {zx! o
Consolidated Supplemental
Vertical Accuracy| Vertical Accuracy)
(95th Percentile) | (95th Percentile)
Spec=24.5cm Target=24.5cm

C+! @ Cdzyi
Vertical Accuracy
(RMSEXx 1.9600)

Spec=18.13cm

Land Cover Category| # of Points

Open Terrain 20 16.43
Urban 20 3.84
High Grass 20 16.46
Consolidated 60 10.67

Table 10: Digital Elevation Model Vertical Accuracy in Centimeters

Overall the calibrated lidar data products collected by Atlantic meeixoeed the requirements set out in the
{GFGSYSyid 2F 22N] & ¢KS ljdatAdGe O2yGNRf NBIdZANBYSyda
throughout the acquisition stage for this project to ensure product quality.

-
Z
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Appendix A: GPS ProcessiRgports for Each Mission

Output Results for JD13072_1

Figure 1: Trajectory Map

Trajectory (W.E. vs S.N. in km)
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Figure 2: Forward/Reverse or Combined Separation Plot

Position Separation (1 Hz) and Ambiguity Fixes
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Figure 3: Attitude and Standard Deviation
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Figure5: Kalman Filter Residuals and Position Accuracy

Kalman Filter Residuals and Position Accuracy
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Output Result for JD13072_2

Figure 1: Trajectory Map

Trajectory (W.E. vs S.N. in km)
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Figure 2: Forward/Reverse or Combined Separation Plot

Position Separation (1 Hz) and Ambiguity Fixes
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Figure 5: Kalman Filter Residuals and Position Accuracy

Kalman Filter Residuals and Position Accuracy
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Output Result for JD13073_1

Figure 1: Trajectory Map

Trajectory (W.E. vs S.N. in km)
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Figure 2:Forward/Reverse or Combined Separation Plot
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Figure 3: Attitude and Standard Deviation
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Output Result for JD13073_2

Figure 1: Trajectory Map

Trajectory (W.E. vs S.N. in km)
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Figure 5: Kalman Filter Residuals and Position Accuracy

Kalman Filter Residuals and Position Accuracy
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Output Result for JD13073_3

Figure 1: Trajectory Map

Trajectory (W.E. vs S.N. in km)
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Figure 4: Position Accuracy and PDOP
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Output Result for JD13078_1

Figure 1: Trajectory Map

Trajectory (W.E. vs S.N. in km)
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Figure 2: Forward/Reverse or Combined Separation Plot

Position Separation (1 Hz) and Ambiguity Fixes
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Figure 3: Attitude and Standard Deviation

Attitude (1 Hz) and Standard-Deviation
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Figure 5: Kalman Filter Residuals and Position Accuracy

Kalman Filter Residuals and Position Accuracy
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Output Result for JD13078_2
Figure 1: Trajectory Map
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Figure 2: Forward/Reverse or Combined Separation Plot

Position Separation (1 Hz) and Ambiguity Fixes
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Figure 3: Attitude and Standard Deviation

Attitude (1 Hz) and Standard-Deviation
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Figure 4: Position Accuracy and PDOP



