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Executive Summary

An airbornetopographicbathymetric lidar survey was undertakenlate Madame Nova Scotia o8eptember27, 2014

The sensor used was a Chiropterantegrated topographidathymetric lidar sensor equipped with a 60 megapixel
multispectral cameraStrong windsn the Maritimesduring the week of the planned survey reduced water clarity and
delayed the surveys, betventually the winds died down enough so tlgatod data vere collectedfor the study site The
aircraft required grounébased high precision GPS data &xbllectedduring the lidar survey in order to provide accurate
positional data for the aircrafirajectory. The CANSEictive control network was utilized and a GPS base station in Port
Hawkesbury wasised for theaircraft trajectory A NS high precisiomonument was used testablisha temporary GPS
base station after the survey and RTK GPS check points wereanbdikrtg the roads fovalidationof the lidar, indicating

a vertical accuracy better than 10 ciridar data were processed lnidar Survey Studio and classed into ground, water
surface, and seabed points and used to produce a Digital Elevation Model (DEM)study area. Maps dhe reflected
green laser amplitude of the seabed and land area wss produced This map has been ed to classify submerged
aguaticvegetation as a preliminary map produdtie maximum depth achieved with the lidar senapproximatelyé6 m
although in one area a maximum depth of 10 m was achieVkd aerial photos were orthorectified using the lidaDE
and direct georeferering information from the aircraft trajectory.The original aeriaphotos were captured and
orthoredified at a resolution ob cmand two mosaic data sets built at 5 cm 820 cm There were clouds above the
aircraft during the surey and some cloud shadow does appear in the orthophofbsee test sites were used to process
the orthophotos andidar data for coastal habitatclassification oshorelines and sensitive area¥hese map products
have been draped over the DEM to allolein to be visualized in-B allowing for an enhanced interpretation of the
coastline for emergency response planning. The lidar DEM was used to build a dataset represent the inundation areas
highestastronomicakide (HAT) which corresponed verywell to the extent of coastal salt marshes. Preliminary result of
the coastal classification are encouraging and provide more detail than the current mapping. A refinement in the scope
the classificatioris required to ensure the final map product provideffisient detail for the requirements. A 2 m storm
surge level was also added to thé&Ho present areas that may be vulnerable to contamination in the event of a spill

during a storm event.
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1 Introduction

The requirement for accurate and detailed information along Nov@2 G A I Q& O2F aitft T2yS A&
existinginfrastructureand plarfor future developmentand to makesound decisions with regard to activitigsat support
economicgrowth.2 A i K G KS Fyy2dzyOSYSyd 2F (GKS 3I3208SNYyYSyiliQa LI
through its plan foResponsible Resource Developnikete is acommitmentii 2 LINRP G SOG /I yI Rl Qa &
preparedness and identify environmentally s@ive areas. The plan calls for several actions that can be supported by
new and innovative geomatics data including: oil spill preparedness by knowing the composition (geological andlbiologic
of the shoreline in more detail than present, map and elcéerize environmentally sensitive areas, use the refmre
bathymetry to model the local tidal currents, and chart ngapre hazards to navigation. The requirement for accurate
YR RSGFATSR AYyT2NNVIGA2Yy {2y 3 /tbpidk&$ouhd deGsohsawith régard ta y S
activities to support economic development and the movement of raw and refined materials. This information is alsc
required in order to protect existing and planning future infrastructure from storm damage as weibtesting our
natural shoreline and sensitive areas in the event of an oil spill. A few areas of the coast have been flown with airborr
topographic lidar which only surveys the land elevations and does not provide details on the seabed elevationdr seab
material {.e. Eelgrasdarren substrate andor rock). These data have mainly been used for coastal storm surge flood risk
studies, many of which have been conducted by the ispgpGeomatics Research Group (AGRG) of the Nova Scotia
Community College (€ )WwWho havemany years of experience with lidar technology and mappiegentlythe NSCC
hasacquired a topebathymetric lidar sensoand high resolution aerial camethat is capable of surveying the land
elevations and the submergeambastaltopography.The ability of an airborne sensor to accurately surveyrtbar shore
bathymetry (submerged elevatiomffers an opportunity to produce detailed information across the lard boundary

in an area that has traditionally not been mapped because of the rs@end limitations of traditional mapping

technologies (air photos on land and boats and echo sounders on the water).

Thisnew topo-bathymetric lidarmapping systemthe Chiroptera llutilizesa nearinfrared and greedasers mounted in

an aircraftto precisely measure the topography surroundic@pstalwaters and also segthrough the water to measure

what is below.The reflection of the laser from thgeabed can be used in conjunction with the elevation and vertical
structure of the laser reflectiond.hese data can be used to capture the state of the seabed and aquatic vegetation and
act as a quantitative baseline prior to any coastal development and prior to any potential spills of contaminants. The lid:
sensor is coupled with a high resolution akoamera (Leica RCD30) which is capable of collecting traditional true colour
images (red, green, and blue or RGB) and also ainfrared (NIR) image which is highly sensitiv the existence of
vegetation, such as exposed seaweed in the coastal zoshea@hmarsh habitat. The ability of the lidar sensor to acquire
detailed elevation data on land and continuously into the submarine environment provides information that can be usec
for coastal risk assessment and support other initiatives such as thelagewent of hydrodynamic models to predict

current speeds which are important for pollution spill preparedness. For the intertidabaindidalareas this level of
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information has never been surveyed before with such sophisticated equipment and prowvigdssaries of GIS ready

data layers for emergency and planning and deployment in case there is a spill.

The study area is the complex set of islands and coastline at Isle Madame, Idlandand CapdBretonlislandsouth of

Louisdale Figurel).

N

Legend
D Isle Madam Study Area A

0 15 3 6 o
e <" AGRGS,

Figurel The Isle Madam study area off the coast of Cape Breton Island, Nova S@ttgacoastline is very complex with
a series of interconnected land masses.

This report providesnformation on the instrumentation in the Methods sectigrincludingdetails on theChiroptera |l
lidar sensor used for the surveys (Sectiol) the meteorological conditions during the survey (Secfds), andthe lidar
survey details (Sectio.2). The esultsinclude lidar point cloud representationas well asmaps of bathymetry,

reflectance andsubmergedaquaticvegetationcoverage anddemonstrations of the coastline classificatiare found in

Section3.
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1.1 Copyright and Data Ownership

The Applied GeomaticRkesearch Group of the Nova Scotia Community College maintains full ownership of all datz
collected by equipment owned by NSCC and agrees to provide the end user who commissions the data collection a lice
to use the data for the purpose they were cotled for upon written consent by AGRGCC. The end user may make
unlimited copies of the data for internal use; derive products from the data, release graphics and hardcopy with the
O2LBRNRIKG FOly26ftSRIASYSYG 2F a5 (32 VI QiljAdRENBWRS & S/ RNIOLEBNRDD
acquired using this technology and the intellectual property (IP) associated with processing these data are owned |

AGRG/NSCC and data will not be shared without permission of AGRG/NSCC.

2 Methods

2.1 SensorSpedications and Installation

Thelidar used was &hiroptera I(CH2)integrated topogaphic bathymetric lidar sens@quippedwith a 60 megapixel
multispectral cameraThe system incorporates H064 nm near infraed laser fortopographic (topo) laser foground
returns anda green 532 nm laser fdrydrographic (hydrojeturns (Figure2). The lasersitilize a Palmer scanner, which
forms an elliptical patterrwith angles of incidece of 14 forward and back and 2Qo the sides of the flight track. This
enableanore returnslidar coverage from many different angles, on vertical faces, causes less shadow effects in the date
and is less sensitive tmceanwave interaction.The beam divergence of the topo laser is 0.5 mrad and from the hydro
laser (green) is 3 mrad. The topo laser can scan with a pepetition frequency up to 400 kHz and the hydeser can
scan with a pulse repition frequency up to 35 kHZhehydrolaser is limited by depth andiater clarity, and has a depth
penetration rating of approximately 1.5 x the Secchi defsthmeasure of turbidity or water clarityJhe Leica RCD30
camera collects caligned RGBNIR motion compensated photographs which caroltborectified andmosaicked into a
single image in pogtrocessing, or analyzed frame by frame for maximum information extracfiom RCD30 is a 60MPIX
camera with a focal lengtlensof 53 mm and produces images 6732 by 9000 pixels in the across agdralokdirection

respectively. The across track field of view i% 54

AGRE&SCC does not own an aircraft, only the sensor, and thus partnered with our Canada Foundation for Innovatic
project partner, Leading Edge Geomatics (LEG) to assist in the operafithe survey and arranging the aircréfor the
September2014 field campaign, a twin engilagcraftthat was certified to carry the Chiroptera Il sensor suite and had a
hole suitable to house the sensor head. The main base of operations for tten8®y mission was Fredericton, NB. The
aircraftwas contracted fronDynamic Aviatiomn Virginia andarrived in Fredericton on Sunday, Sept. 21. The CH2 sensor
also arrivel on Sunday witPAGRG researchers from MiddletdwS. Staff from Leica Geosystembpovproduce the CH2,

were delayed in their arrival to Fredericton until late Sunday night.
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The sensors wenmstalled in the aircrafon Monday, September 2 (Figure3a). The aircraft hel a hole cut in the bottom

for the laser and cameras to image the ground and installation inddltteng the sensor head into the holé-igure3c)

and the associated control rack on the floor and user display screens on another rack in the &igueadBb). Along with

the lasers and high resolution camethge lidar system also includes a 5 megapixel quality assurance camera that the lidar
operator is able to view during the flight, along with the waveform of the returning pulse and the flightRitamg3b).
Figure3d shows the downward facing portion of the sensor head, including the red (topographic) and green (bathymetric
laseas, which shoot and return to the large red circles; the lenses on the left and right are the low and high resolutior
cameras, respectivelypuring installation the laser systems and camera were calibrated and aligned with the navigation
system which consis of a survey grade GPS mounted on the roof of the aircraft and an inertial measurement unit (IMU
mounted above thdasersystem.Calibration flights were conducted over Fredericton at altitudes of 400 m and 1000 m

on Tuesday, Sept. 23, following a wamt rain event on Sept. 22.
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Figure2 Principlkes of topo-bathymetric lidar. The system utilizes two lasers: a near infrared and a green laser to surface
the land and marine topography.
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Figure3 (a) Aircraft used for September 2014 lidar survélp) displaymonitors on a rack aseen by lidar operator in
flight; (c) main body of sensocontrol rack(left) and lases and camerasocated over thehole cut in the bottom of the
plane (right);(d) large red circles ar¢he lasers the RCD30 lens (right) and low resolution camera (leff)seen from the
bottom of the aircraft

2.2 Lidar Survey Details

A lidar survey of Isle Madam was conducted on Sept. 27, 20kisurvey was planned using Missia sotware at an
altitude of 400 m above ground at a flying speed of 140 knots. The planned flight lines and photo events are shown
(Figured). The study area consistexd a polygon that was approximately 5 km wide by 6.5 km long fligie lineswere
planned to cover an area slightly largban 5 km wide by 8 km londpuring the survegeveralphotos were taken of the

landscape during the flighF{gureb).
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Study area with planned flight lines & photos N O
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Figure4 Planned lidar survey flight lines with photo events (dots).
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Figure5 Photographs takerirom the planeduring the lidar surveyshowing the complex geographic area of Isle Madam

2.3 Meteorological Conditions

Meteorological conditions during topbathy lidar data collection are an important factor in successful data collection. As
the lidar sensor is limited by water clarity, windy weather that stirs up sediment in the seawater can prevent good lase
penetration. Rainy weather is not suitable for lidar collection, and the glare of the sun must also be factored in for aeria
photography2 S dza SR RI GF FNBY 9y GBANBYYSY(d /Iyl Rl Bguregyts théck S NJ
on weather conditions athe study arean advance of the lidar survey, and in lidar data parstcessing, to assesise
meteorologicaimpact on the dataFigure7 shows meteorological data &ort Hawkesburjor Sept. 14 to 28 and shows

a storm event on Sept. 22, with 50 km/h winds blowing from the soWnd on the days preceding and during the lidar

survey on Sept. 27 were between 10 and 20 km/h and blowing mainly from the west.
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Figure 6 Environment Canada weather station at Port Hawkesbury, NS and lidar study area showing flight lines.
Background is the elevation based orN& 20m elevation model.
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Figure7 Wind speed (top panel) and direction (middle panel, where the wind is blowing from the direction shown) from
Environment Canada weather station at Port Hawkesbury, NS. The lower panel sh@etrs representing the

direction the wind is blowing towardsThe survey was conducted on Sept. 27 with winds around 20 km/hr to the east
and southeast.

2.4 Lidar Data Processing

2.4.1 Point Cloud Processing

Once the GPS trajectory was processed for the airatdiiting the base station, aircraft GPS observations and combined
with the inertial measurement unit, thezajectory data were linked to the laser returnsgia the GPS time taandthe lidar

data weregeoreferenced. Lidar Survey Studio (LSS) software guzotas the Chiroptera Il sensor and is used to process
the lidar waveforms into discrete points. The lidar points can be inspected to ensure that the entire study area wa

captured.One critical step in the processing of bathymetric lidar is the abilitpap the water surface. Ehposition of
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‘the water surface is critical for calculating the refraction of the emitted laser pulse and the change in the speedrof light
water compared to air. These calculations are necessary to accurately position thedages. The LSS software
computes the water surface from the lidar returns of both the topo and hydro lasers. In addition to classifying points a
land, water surface or bathymetry, the system also computes a water surface that ensures the entire wedardé
covered regardless of the original lidar point density. As mentioned, part of the processing involves converting the ra
waveform lidar return time series into discrete classified points using LSS signal processing; points include ground, wa
surface, seabed, etc. Waveform processing may include algorithms specifically for classifying the seabed through hi
turbidity water columns, where required. The points can be examined in LSS hméminiewand in crossection view.

The waveforms canebqueried for each point so that the location of the waveform peak can be idengéfiddhe type of

point defined, for example water surface and bathymetry; the SMPIX image associated with the lidar points can b
accessed as well to aid in processi@gssified points are analyzed and further refined and filtered to reduce noise and
eventually converted into a raster surface at a 2 m spatial sampling interval using ArcGIS. Various grids can then
constructed from the lidar classes and attributes inahgdreflectance and elevation. Examples of the gridded surface
models from the HD laser include the seabed reflectafigu{e8) and the digital elevation model (DEKFgure9). The

DEM isactuallya hybrid of the topo laser on land and the hydro laser for the submerged terrain. The noise has not beer

removed on these initial data products as seen in figures 8 and 9.
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TR S R G
lear coverage ~iQ m depth

Figure9 Example of the bareearth seamless digital elevation model of the land and bathymetry over the chart.
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Terrascawas utilized to further classify and filter the lidar point cloud. Because of the differences in the lidar footprint
between the TD and HD sensors it was decided that the HD lidar point returns would be used to represent the oce:
surface and bathymetrygints and the TD lidar points would be used to represent targets above ground. The total point
cloud that utilized both sensors was processed in Terrascan where the ground was classified and erroneous points b

above and below the ground were defined.

The standard classification numbers ase the LAS format 1.2 do not adequately represent the bathymetric and water
surface information, therefore a translation had to be used for the final point cloud. The overlap between flight lines alsc
presented some frallenges and it was decided to classify these points separately and code them such that the end use
can decide if they want to utilize these points in the surface model construction by coding them uniquéab&sdefor

the classification codes.

2.4.1 Gridded Surface Models

Therewere three main data products derived from the lidar point cloud. The first wewe based on the elevation and
include the Digital Surface Model (DSM) which incorporates valid lidar returns from vegetation, buildings, ground an
bathymetry returns, and the Digital Elevation Model (DEM) which incorporates ground returns above and leelateth

line. The third data product vé&the intensity of the lidar returns, or the reflectance of thalrolidar. The lidar reflectance,

or the amplitude of the returning signal from tidrolaser,was influenced by several factors including water dephe

local angle of incidence with the target, the natural reflectivity of the target material, and the voltage or gain of the
transmitted lidar pulseThe original datavasdifficult to interpret because of variances as a result of water depth and loss
of signal due to the attenuation of the laser pulse through the water column at different scan angles. The reflectanc
values were normalized by taking samples of the reflectance values of a common cover type, such as sand, over de
ranges and using thesdata to establish a relationship between depth and the logarithm of the reflectance value; the
inverse of this relationship was used to normalize the da@tacompensate for the loss of the green laser pulse signal
through attenuation in the water columiand allows for more qualitative and quantitative analysis of the seabed
reflectance Figure 10). These data were examined and a preliminary classification of subtherggetation was
conducted from the depth normalized reflectance. This is an area of active research and we expect to improve the lev

of accuracy and detail as this project progresses.
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Class number Description

0 Water model

1 Bathymetry (Bathy)

2 Bathy Vegetation

3 N/A

4 Topo laser (TD) Ground
5 TD norground (vegetation & buildings)
6 Hydro laser (HD) Ground
7 HD nonground

8 Water

9 Noise

10 Overlap Water Model
11 Overlap Bathy

12 Overlap Bathy Veg

13 N/A

14 Overlap TD Ground

15 Overlap TD Veg

16 Overlap HD Ground

17 Overlap HD Veg

18 Overlap Water

19 Overlap Noise

Tablel Table of delivered LAS classes combining the hydro (HD) and topo (TD) lidars.
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Figure10 Example of the original reflectance from the green laser of the seabed (left map) compared to the depth
normalizedreflectance (right map).

The elevation of the lidar point cloud is relative to the WGS84 ellipsoid since the pei@geolocatechased on the GPS
aircraft trajectory. The geoidllipsoid separation model, HT2, from Natural Resources Canada, was ussw/ést the

DSM and DEMurface models tarthometric heightsreferencedto the Canadian Geodetic Vertical Datum of 1928
(CGVD28)n addition to the conversation of elevations from ellipsoidal heights to orthometric heights, the noise has been

removed from the dataset so only legitimate elevations are represerfegli(ell).
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Figurell Example of the cleaned seamless DEM orthometric elevations referenced to CGVD28. Note the north arrow
and that the map has been rotated so the top is northeast.

2.4.2 Aerial Photo Processing

The RCD30 60 MPIX imagery was processed using the aircraft trajectory and direct georefeFapcsetup effectively
recorded multispectral RGBIR imagery (blue 470 nm, green 530 nm, red 590 nm, NIRG@Dnm) at 5 cm ground pixel
resolution. Photo gents were planned and collected within the Leica MissonPro software package. A full coverage wa
planned and achieved without slivered data or missing frames for the entirety of the Isle Madame studBhatea.were
RSPSt 2LISR FNRY NI BanddTs Hildg| vatiNg: the gica Frar@ePra software package. Standard Leica
radiometric calibrations were applied to each frame in addition to atmospheric corrections (Colour Saturation = 1.8

Gamma = 1.8; Gain = 4) and the four 8 bit image bands were deddRGENIR)(Figurel2).
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