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PROJECSUMMARY

This photo taken by QSI acquisition
staff shows a scenic view of tROAA
Hurricane Irmasite inFlorida

Introduction

In August 2018Quantum SpatialQ3) wascontracted bythe National Oceanic and Atmospheric
AdministratiorQ @OAA National Geodetic Survey (NGS) Remote Sensing Division (RSD) Coastal
Mapping Program (CMR} collecttopobathymetricLight Detection and Rangingdar) data and digital
imageryin the winter of 2018 into early 20® for the NOAA Hurricane Irmsite on the coast oflorida
(Contract NoEA133G14-CQ0007) Data were collected to aiNOAAIn assessing the topobathymetric
surface of the neashore and intertidal zones of the study area to support mapping and updating the
national shoreline.

The topobathymetric LiDARataset was divided, processed, and deliverefivieseparate deliveries

while shorelinemapping productsvere processed in seven separate deliveries according to Geographic
Cell delineations provided by NOAQuantum Spatial provided all Digital Imagery in one delivery
packageThis reportprovides a comprehensive summary bétdelivered topbathymetric LiDARdigital
imagerydataset, and shoreline compilation products. Documented hereincangtract specifications,

data acquisition procedureprocessing methods, aratcuracy resultsAcquisition dateand acreage

are shownm Tablel, a complete list of contracted deliverables provided®AAis shown inTable2,

andthe project extent is shown iRigurel.

Tablel: Acquisition dates, acreage, and data types collecfedthe NOAA Hurricane Irmaroject

Contracted Square

Project Site Acres Miles Acquisition Dates Data Type
NOAA Hurricane |rma 11/20/2018' 03/23/2019 TOpObathymetrIC IDAR
Supplemental Mapping 1,366,060 2,135 4 BandDigital Imagery
Pagel
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Survey Area

TheHurricane Irma Supplementptoject area was contracted to cover approximat2|$35 square

milesin the state of Floridaalong theGulf Coast of the United StatéEheHurricane Irmaarea of

interest stretched from Miami, Florida to the Key West Islands, and covered more than 1.3 million acres

of United States shorelinQuantum Spatial conducted all LIDAR acquisition of the projeet laetween

November 28, 2018 and March 2% 2019.All digital imagery acquisition was conductsetween

January 8, 2019 and May 20) 2019 by Quantum Spat2d A Yl ISNE &dzo 02y (i NI Ol 2 NE
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Figurel: Locationmap of theNOAA Hurricane Irmaite in Florida
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Project Team

Quantum Spatial served as the prime contractor for khericane Irmgroject and completed all LIDAR
acquisition and processing includiligar extraction, calibration and refraction, and editit@SI
generated all Digital Elevation Models (DEM), raster layers, and id&ed void polygons from
processed.iDARJata. AdditionallyQSicollected all independent checkpoints to be used in assessing
vertical accuracy.

A subcontractor to Qantum Spatia)] Geomnj acquired all digital imagery; however, all imagery
processing and supplemental ground survey collection to support the imagery production was
O2YLJX SGSR o0& v{LQa [SEAy3l2y 2FFAOSO®

NGS derived the initial shoreline files from the final deldd topobathymetric LIiDAR data, and provided
them to QSI for editing and attribution. All shoreline editing and deliverables were completed by
v dzl y ( dzY St Retdishurgfoffice.

Deliverable Products

Table2: Productsdelivered to NOAAfor the NOAA Hurricane IrmgFlorida Keysite

NOAAHurricane Irma, Florid&eysTopobathymetricLiDARProducts

Classified LAS Projection: UTM ZoneNorth DEM Projection: UTM Zone7North
Horizontal Datum: NAD83 (2011) Horizontal Datum: NAD83 (2011)
Vertical Datum: GRS8Ellipsoidal Heights Vertical Datum: NAVD88 (Geoid12B)
Units: Meters Units: Meters

LAS v 4, Point Formab
LIDAR f AllClassifiedReturns with Depth Bias Correction and Intensity
Normalization for Depth

1 Meter ERDAS Imagine Files (*.img)
I ClippedTopobathymetric Bare Earth Digital Elevation Model (DEM)
91 InterpolatedTopobathymetric Bare Earth Digital Elevation Model (DENM

RasterModels i o

1 Topobathymetric Standard Deviation

1 Meter GeoTiffs

i DZ Orthos

1 Meter ERDAS Imagine Files (*.img)

1 Total Propagated Uncertainty Raster Mo@dighest Hit methodology)
LAS v 1.4, Point Forma(®las)

I Total Propagated Uncertainfyxtrabyte embedded LAS file
TPU Metadata Filg.json)

I Total Propagated Uncertaintsaluesand parameters

TPU Products
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NOAAHurricane Irma, Florid&eysTopobathymetricLiDARProducts

I 6 inch Tiled Orthomosaic GeoTiffs (*.tif)

Digital Imagery ; ; -
1 Raw Image Frames with Socet Set SUP files and camera calibrations

Shapefiles (*.shp)
Shoreline Mapping 1 Segmented Mean High Water Shoreline
1 Segmented Mean Lower Low Watghoreline

Shapefiles (*.shp)
9 Area of Interest
LiDARTileIndex

Vectors DEMTIileIndex

il

l

1 Bathymetric Void Shape

91 Flightline Shapefile

91 Flight Date Coverage Polygon

1 GroundSurvey ReportNOAA Florida Keys Ground Survey
Report_Rev3.pdf

Check Pointocation PhotosNOAA FK Form #H3.zip

LiDAR QC Reports [deelivery
(NOAA_Florida_Keys Deliveryl Cover_Letter-docx
NOAA_Florida_Keys_Delivery5_Cover_Letter)docx
Final Compiled Report of Survey

FGDC Complit Metadata
Airborne Collection Log and Liktents/Coverage
Airborne Navigation and Kinematic GPS Reports

Aerotriangulation Report
(FL_1806_NOAA Florida_Keys Topobathy AT Repdrt.doc

Airborne Positioning and Orientation Reports
Boresight Calibration Report

Camera Calibration Reports

EED

Photographic Flight Repor& Flightline Maps
Tabulation of Aerial Photography

Shoreline Mapping Project Completion Reports3A

= =4

Reports

=A =4 =4 4 A

f
f
f
f
f
f
f
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LIDAR Deliverables

Final topobathymetric LIDAR deliverables for Hh@ricane IrmaFlorida Keygroject area were the final
classified and tiled LiDAR returf¥ orthoraster modelsStandard Deviation rastenodels,
topobathymetricbare earth DEMsST otal Propagated Uncertainty (TPEN supplemental shapefiles
including bathymetrivoid polygonsand flightline swathsQSI also provided several intermittent
deliverables to NOAA in order to ensure project quality, consistency, and transparency in processing
throughout the project. These additional intermittent deliverables included Qloick LiDARoverage

maps in GeoTIFF format to display bathymetric LIDAR collection results. NOAA reviewed all QuickLook
reports and approved each area for data processing or flagged each arefiyjoRérocess projects

were also provided along with SBETSs for da€AR collection mission to ensure that NOAA is provided
with all raw topobathymetric data.

Final topobathymetric data was providén 500 x 500 meter tiles, five delivery blocksKigurel). All
associated shapefiles delineating tile grids were provided to NOAA in Binckas a final

comprehensive tile index for thelorida Keygproject area. Final LIDAR DZ Orthos were created in order
to evaluate the line to linealative accuracy of the LIDAR data, and were delivered to NOAA in GeoTIFF
format as well. Finally, project metadata in .xml format were delivered with all final LIDAR data and
derived deliverables.

DEM Deliverables

After the final LIDAR data were acceptedNOAAQSIprocessed the final classified point cloud into the
contracted DEM deliverables. First, data were converted from ellipsoid heights to orthometric heights
prior to DEM generation so that all final tiled DEMs include orthometric heights frotitAedatum
NAVD88, Geoid B meters.

QSlprovided two sets of tiled DEMs to NOAA: one with void polygons enforced so that areas lacking
OFGKBYSUONRO o62GG2Y NBGdzNya NBE asSitd G2 ayz2 RIEGEEZ
delivered in ERAS Imagine (*.img) format with a 1 meter cell size, tiled ifd@0Bx 5000 meter grid.

Void polygons used in DEM generation were provided in addition to a confidence layer. The confidence
layer reports the standard deviation (in meters) of all ground bathymetric bottom return points

within eachl meter cell, provided in ERDAS Imagine (*.img) format withraeter pixel resolution, tiled

in 500 x 0 metergrid.

Imagery Deliverables

QSI provided NOAA with altquired image frames to be viewed in both stereo as well as mosaic format.
All appropriate imagery orientation and calibration information was provided along with image frames,
including Socet Set SUP files and a center point shapefile. Metadata wenerelelin .xml format for

both stereo imagery and orthomosaics.

The collected 4and (RGB/NIR) digital imagery was processed 3@@0x 3000 meter tile delineation,

and mosaicked in GeoTIFF format. In tad@&K final orthomosaics were provided in the dedrable

coordinate system: Projection: UTM ZonéNorth, Horizontal Datum: NAD83 (2011) epoch 2010.00,
meters.For detailed processing information, please reference documentation provided with the

imagery delivery, which includes: Aerotriangulation Rgpairborne Positioning and Orientation

Report, Boresight Calibration Report, Camera Calibration Reports, EED, Flightline Maps, Ground Control
Report, Photographic Flight Reports, and Tabulation of Aerial Photography.
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Shoreline Deliverables

NOAA supplie@SI with LIDAR derived Mean High Water (MWH) and Mean HaweiVater (MLLW)
shorelines to be segmented, edited, and attributed. In addition, QSI was responsible for compiling any
shoreline features that were unable to be extracted from the LIDAR. Thateds were compiled
photogrammetrically using stereo imagery flown specifically for this project.

QSI received and mapped the shoreline from N@¥s®venprocessindlocks betweenMiami Beach
and Mooney Harbor Key, Floridaach processing block was itiead with a Geographic Cell number
and included albays, inlets, and islands within 2000 feet of the coastline.

Figure2: A scenic photo of thelBrida Coastline taken by the Quantum Spatial Field Operations Team
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ACQUISITION

Thisphoto shows a view of the Florida
YySea LINR2SO0 | NBY
Cessna Caravan.

Sensor Selectiorthe Riegl V@B80-G Series

The Riegl V@80-Gserieswere selected as the hydrographic airborne laser scasfmrthe NOAA

Hurricane Irmaroject based on fulfillment of several considerations deemed necessary for effective
mapping of the project site. A higheombined pilse rate (up to 550 kHz), higher scanning speed, small
laser footprint, and wide field of view allow for seamless coitecofhigh-resolutiondata of both

topographic and bathymetric surfaces. A short laser pulse length allows for discrimination of underwater
surface expression in shallow wat&ensor specifications and settings for tH®AA Hurricane Irma
acquisition &e displayed in Table 3.

Planning

In preparation for data collectiqrQSI reviewethe project
area anddeveloped a specialized flight plan to ensure
complete coveragefthe NOAA Hurricane IrmiaiDAR study
area at the target point densit§ F2.0oints/m” Acquisition
parameters including orientation relative to terrain, flight
altitude, pulse rate, scan angle, and ground speed were
adaptedto optimize flight paths and flight times while
meeting all contract specifications.

v{LQa I OljdzA &A (A 2y endi®rmeéntad 2 v
conditions during the planning stage in order to target the
best possible windows for capturing bathymetric bottom
returns. Water clarity was monitored usingweralwater
guality stations, in addition to handheldachturbidity meters
operated by QSI ground operations professiorialgure3).
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Flightsover shoreline areas were planned during optimal conditions with low wind and wave conditions
whenever possible, and within 20% of the Mean Range of tide around Mean Lower Low(MAait&Y)

as contractually specifieQuantum Spatial acquisition teams carefully monitored NOAA tide stations at
Biscayne Bay (8723214), Florida Bay (8723970), and Key West (8724580) to ensure acquisition
requirements were met or exceedédJtilized statiors are indicated with a blue dot Figure4 below.
Quantum Spatial acquisition managers oversawogiktical considerationsicludingprivate property
accesaindcoordination of NOTAMgrior to flights.
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Figure4: NOAA Tide Station Map

1 NOAA Tides and Currents:
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https://tidesandcurrents.noaa.gov/map/

Airborne LIDARSurvey

The LiDARurvey was accomplished using a RieglB8QG green laser systefor equivalentimounted

in a Cessna Caravan. The RiegB8Q®G uses a green wavelengf¥b32 nm) laser that is capable of
collecting high resolution vegetation and topography data, as well as penetrating the water surface with
minimal spectral absorption by watefhe Fegl VQ@880-Galsocontains an integrated NIR lasgr{064
nm) that ads in water surface modelirfgr refraction purposesThe recorded waveform enables range
measurements for all discernible targets for a given pulse. It is not uncommon for somefypes
surfaces (e.g., dense vegetation or water) to return fewer pulses to the LIDAR sensor than the laser
originally emitted. The discrepancy between first return and overall delivered density will vary
depending on terrain, land cover, and the prevalencevafer bodies. All discernible laser returns were
processed for the output datasefable3 summarizes the settings used to yield an averfage return
pulse densityof 2 2 pulses/nfover theNOAA Hurricane Irmaroject area

Table3: LiDARspecifications andsurvey settings

LiDAR Survey Settings & Specifications

Acquisition Dates 11/20/2018- 03/23/2019 11/20/2018- 03/23/2019
Aircraft Used Cessna Caravan Cessna Caravan
Sensor Riegl Riegl
Laser VQ@880-G, GllI, or GH VQ880-GIR
Maximum Returns 15 (LAS 1.4 Format) 15 (LAS 1.4 Format)
Resolution/Density To exceed pulses/nf To exceed pulses/nf
Nominal PulseSpacing 0.71m 0.71m
Survey Altitude (AGL 400 m 400 m
Survey speec 140 knots 140 knots
Field of View nnx nnx
Mirror Scan Rate 80revolutions per second Uniform Point Spacing
Target Pulse Ratt 245 kHz 245 kHz
Pulse Length 1.5ns 3ns
Laser Puls&ootprint Diameter 28 cm 8cm
Central Wavelength 532 nm 1064nm
Pulse Mode  MTA (multiple times around) MTA (multiple times around)
Beam Divergence 0.7 mrad 0.2 mrad
Swath Width 291m 291m
Swath Overlap 30% 30%
Intensity 16-bit 16-bit
Accuracy RMSEXX mp OY RMSEXX mp OY

All areas were surveyed with an opposing flight line $ide LI3¢2 T 6D overlap) in order to reduce
laser shadowing and increase surface laser painting. To accurately solve for laser point position
(geographic coordinates xandz), the positional coordinates of the airborne sensor and the attitude of
the aircraft were recorded continuously throughout the LIDAR data collection mission. Position of the
aircraft was measured twice per second (2 Hz) by an onboard differenttalGE and aircraft attitude
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was measured 200 times per second (200 Hz) as pitch, roll and yaw (heading) from an onboard inertial
measurement uni{IMU). To allow for pogprocessing correction and calibration, aircraft and sensor
position and attitude de&a are indexed by GPS time.

Airborne Collection Logs &overageReports
QSI provided daily airborne collection logs to NOAA throughout the acquisition pindbssform of a
dailyof 23 | yR I OljdzAaArdAazy (NI O S Nlinfatmitionii®lucdd/ineadghl Qa i N.

report detail the collection date, tide windoand conditionslines collectedgoverageand operator
notes figures).

Figure5: Airborne acquisition status reporting via inSITE
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