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Executive Summary 

An airborne topographic-bathymetric lidar survey was undertaken at Isle Madame, Nova Scotia on September 27, 2014. 

The sensor used was a Chiroptera II integrated topographic-bathymetric lidar sensor equipped with a 60 megapixel 

multispectral camera. Strong winds in the Maritimes during the week of the planned survey reduced water clarity and 

delayed the surveys, but eventually the winds died down enough so that good data were collected for the study site. The 

aircraft required ground-based high precision GPS data to be collected during the lidar survey in order to provide accurate 

positional data for the aircraft trajectory. The CANSEL active control network was utilized and a GPS base station in Port 

Hawkesbury was used for the aircraft trajectory. A NS high precision monument was used to establish a temporary GPS 

base station after the survey and RTK GPS check points were collected along the roads for validation of the lidar, indicating 

a vertical accuracy better than 10 cm. Lidar data were processed in Lidar Survey Studio and classed into ground, water 

surface, and seabed points and used to produce a Digital Elevation Model (DEM) for the study area. Maps of the reflected 

green laser amplitude of the seabed and land area was also produced. This map has been used to classify submerged 

aquatic vegetation as a preliminary map product. The maximum depth achieved with the lidar sensor approximately 6 m 

although in one area a maximum depth of 10 m was achieved. The aerial photos were orthorectified using the lidar DEM 

and direct georeferencing information from the aircraft trajectory. The original aerial photos were captured and 

orthorectified at a resolution of 5 cm and two mosaic data sets built at 5 cm and 20 cm. There were clouds above the 

aircraft during the survey and some cloud shadow does appear in the orthophotos. Three test sites were used to process 

the orthophotos and lidar data for coastal habitat classification of shorelines and sensitive areas.  These map products 

have been draped over the DEM to allow them to be visualized in 3-D 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 at 

highest astronomical tide (HAT) which corresponded very well 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 of 

the classification is required to ensure the final map product provides sufficient detail for the requirements. A 2 m storm 

surge level was also added to the HAT to 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 Nova {ŎƻǘƛŀΩǎ Ŏƻŀǎǘŀƭ ȊƻƴŜ ƛǎ ƛƳǇŜǊŀǘƛǾŜ ƛƴ ƻǊŘŜǊ ǘƻ ǇǊƻǘŜŎǘ 

existing infrastructure and plan for future development, and to make sound decisions with regard to activities that support 

economic growth. ²ƛǘƘ ǘƘŜ ŀƴƴƻǳƴŎŜƳŜƴǘ ƻŦ ǘƘŜ ƎƻǾŜǊƴƳŜƴǘΩǎ Ǉƭŀƴ ǘƻ ŎǊŜŀǘŜ ŀ ²ƻǊƭŘ /ƭŀǎǎ ¢ŀƴƪŜǊ {ŀŦŜǘȅ ǇǊƻƎǊŀƳ 

through its plan for Responsible Resource Development there is a commitment ǘƻ ǇǊƻǘŜŎǘ /ŀƴŀŘŀΩǎ ǎƘƻǊŜƭƛƴŜ ŀƴŘ ŜƴƘŀƴŎŜ 

preparedness and identify environmentally sensitive 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 and biological) 

of the shoreline in more detail than present, map and characterize environmentally sensitive areas, use the near-shore 

bathymetry to model the local tidal currents, and chart near-shore hazards to navigation. The requirement for accurate 

ŀƴŘ ŘŜǘŀƛƭŜŘ ƛƴŦƻǊƳŀǘƛƻƴ ŀƭƻƴƎ /ŀƴŀŘŀΩǎ Ŏƻŀǎǘŀƭ ȊƻƴŜ ƛǎ ƛƳǇŜǊŀǘƛǾŜ ƛƴ ƻǊŘŜǊ to make sound decisions with regard to 

activities to support economic development and the movement of raw and refined materials. This information is also 

required in order to protect existing and planning future infrastructure from storm damage as well as protecting our 

natural shoreline and sensitive areas in the event of an oil spill. A few areas of the coast have been flown with airborne 

topographic lidar which only surveys the land elevations and does not provide details on the seabed elevation or seabed 

material (i.e. Eelgrass barren substrate sand or rock). These data have mainly been used for coastal storm surge flood risk 

studies, many of which have been conducted by the Applied Geomatics Research Group (AGRG) of the Nova Scotia 

Community College (NSCC) who have many years of experience with lidar technology and mapping. Recently the NSCC 

has acquired a topo-bathymetric lidar sensor and high resolution aerial camera that is capable of surveying the land 

elevations and the submerged coastal topography. The ability of an airborne sensor to accurately survey the near shore 

bathymetry (submerged elevation) offers an opportunity to produce detailed information across the land-sea boundary 

in an area that has traditionally not been mapped because of the expense and limitations of traditional mapping 

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

This new topo-bathymetric lidar mapping system, the Chiroptera II, utilizes a near-infrared and green lasers mounted in 

an aircraft to precisely measure the topography surrounding coastal waters and also sees through the water to measure 

what is below. The reflection of the laser from the seabed can be used in conjunction with the elevation and vertical 

structure of the laser reflections. These 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 lidar 

sensor is coupled with a high resolution aerial camera (Leica RCD30) which is capable of collecting traditional true colour 

images (red, green, and blue or RGB) and also a near-infrared (NIR) image which is highly sensitive to the existence of 

vegetation, such as exposed seaweed in the coastal zone and salt marsh 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 used 

for coastal risk assessment and support other initiatives such as the development of hydrodynamic models to predict 

current speeds which are important for pollution spill preparedness. For the intertidal and sub tidal areas this level of 
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information has never been surveyed before with such sophisticated equipment and provides a rich series 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, Janvrin Island and Cape Breton Island south of 

Louisdale (Figure 1).  

 

Figure 1 The Isle Madam study area off the coast of Cape Breton Island, Nova Scotia. The coastline is very complex with 
a series of interconnected land masses. 

This report provides information on the instrumentation in the Methods section, including details on the Chiroptera II 

lidar sensor used for the surveys (Section 2.1) the meteorological conditions during the survey (Section 2.3), and the lidar 

survey details (Section 2.2). The results include lidar point cloud representations as well as maps of bathymetry, 

reflectance, and submerged aquatic vegetation coverage, and demonstrations of the coastline classification are found in 

Section 3. 
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1.1 Copyright and Data Ownership 

The Applied Geomatics Research Group of the Nova Scotia Community College maintains full ownership of all data 

collected by equipment owned by NSCC and agrees to provide the end user who commissions the data collection a license 

to use the data for the purpose they were collected for upon written consent by AGRG-NSCC. The end user may make 

unlimited copies of the data for internal use; derive products from the data, release graphics and hardcopy with the 

ŎƻǇȅǊƛƎƘǘ ŀŎƪƴƻǿƭŜŘƎŜƳŜƴǘ ƻŦ ά5ŀǘŀ ŀŎǉǳƛǊŜŘ ŀƴŘ ǇǊƻŎŜǎǎŜŘ ōȅ ǘƘŜ !ǇǇƭƛŜŘ DŜƻƳŀǘƛŎǎ wŜǎŜŀǊŎƘ DǊƻǳǇΣ b{//έΦ 5ŀǘŀ 

acquired using this technology and the intellectual property (IP) associated with processing these data are owned by 

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

2 Methods 

2.1 Sensor Specifications and Installation 

The lidar used was a Chiroptera II (CH2) integrated topographic bathymetric lidar sensor equipped with a 60 megapixel 

multispectral camera. The system incorporates a 1064 nm near infrared laser for topographic (topo) laser for ground 

returns and a green 532 nm laser for hydrographic (hydro) returns (Figure 2). The lasers utilize a Palmer scanner, which 

forms an elliptical pattern with angles of incidence of 14o forward and back and 20o to the sides of the flight track. This 

enables more returns, lidar coverage from many different angles, on vertical faces, causes less shadow effects in the data, 

and is less sensitive to ocean wave 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 pulse repetition frequency up to 400 kHz and the hydro laser can 

scan with a pulse repetition frequency up to 35 kHz. The hydro laser is limited by depth and water clarity, and has a depth 

penetration rating of approximately 1.5 x the Secchi depth (a measure of turbidity or water clarity). The Leica RCD30 

camera collects co-aligned RGB+NIR motion compensated photographs which can be orthorectified and mosaicked into a 

single image in post-processing, or analyzed frame by frame for maximum information extraction. The RCD30 is a 60MPIX 

camera with a focal length lens of 53 mm and produces images 6732 by 9000 pixels in the across and along track direction, 

respectively. The across track field of view is 54o. 

AGRG-NSCC does not own an aircraft, only the sensor, and thus partnered with our Canada Foundation for Innovation 

project partner, Leading Edge Geomatics (LEG) to assist in the operations of the survey and arranging the aircraft. For the 

September 2014 field campaign, a twin engine aircraft that was certified to carry the Chiroptera II sensor suite and had a 

hole suitable to house the sensor head. The main base of operations for the September mission was Fredericton, NB. The 

aircraft was contracted from Dynamic Aviation in Virginia and arrived in Fredericton on Sunday, Sept. 21. The CH2 sensor 

also arrived on Sunday with AGRG researchers from Middleton, NS. Staff from Leica Geosystems, who produce the CH2, 

were delayed in their arrival to Fredericton until late Sunday night.  
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The sensors were installed in the aircraft on Monday, September 22 (Figure 3a). The aircraft had a hole cut in the bottom 

for the laser and cameras to image the ground and installation involved fitting the sensor head into the hole (Figure 3c) 

and the associated control rack on the floor and user display screens on another rack in the aircraft (Figure 3b). Along with 

the lasers and high resolution camera, the 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 flight plan (Figure 3b). 

Figure 3d shows the downward facing portion of the sensor head, including the red (topographic) and green (bathymetric) 

lasers, which shoot and return to the large red circles; the lenses on the left and right are the low and high resolution 

cameras, respectively. During installation the laser systems and camera were calibrated and aligned with the navigation 

system which consists of a survey grade GPS mounted on the roof of the aircraft and an inertial measurement unit (IMU) 

mounted above the laser system. Calibration flights were conducted over Fredericton at altitudes of 400 m and 1000 m 

on Tuesday, Sept. 23, following a wind and rain event on Sept. 22.  

 

Figure 2 Principles of topo-bathymetric lidar. The system utilizes two lasers: a near infrared and a green laser to surface 
the land and marine topography. 



DFO topo-bathymetric lidar for coastal habitat mapping 

Applied Geomatics Research Group, NSCC Page 5 
  

 

Figure 3 (a) Aircraft used for September 2014 lidar survey; (b) display monitors on a rack as seen by lidar operator in-
flight; (c) main body of sensor control rack (left) and lasers and cameras located over the hole cut in the bottom of the 
plane (right); (d) large red circles are the lasers; the RCD30 lens (right) and low resolution camera (left) as seen from the 
bottom of the aircraft. 

 

2.2 Lidar Survey Details 

A lidar survey of Isle Madam was conducted on Sept. 27, 2014. The survey was planned using Mission Pro software at an 

altitude of 400 m above ground at a flying speed of 140 knots. The planned flight lines and photo events are shown in 

(Figure 4). The study area consisted of a polygon that was approximately 5 km wide by 6.5 km long. The flight lines were 

planned to cover an area slightly larger than 5 km wide by 8 km long. During the survey several photos were taken of the 

landscape during the flight (Figure 5). 
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Figure 4 Planned lidar survey flight lines with photo events (dots). 
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Figure 5 Photographs taken from the plane during the lidar survey showing the complex geographic area of Isle Madam.  

 

2.3 Meteorological Conditions 

Meteorological conditions during topo-bathy 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 laser 

penetration. Rainy weather is not suitable for lidar collection, and the glare of the sun must also be factored in for aerial 

photography. ²Ŝ ǳǎŜŘ Řŀǘŀ ŦǊƻƳ 9ƴǾƛǊƻƴƳŜƴǘ /ŀƴŀŘŀΩǎ ǿŜŀǘƘŜǊ ǎǘŀǘƛƻƴ ƭƻŎŀǘŜŘ ŀǘ tƻǊǘ IŀǿƪŜǎōǳǊȅ όFigure 6) to check 

on weather conditions at the study area in advance of the lidar survey, and in lidar data post-processing, to assess the 

meteorological impact on the data. Figure 7 shows meteorological data at Port Hawkesbury for Sept. 14 to 28 and shows 

a storm event on Sept. 22, with 50 km/h winds blowing from the south. Wind 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 on a NS 20 m elevation model. 



DFO topo-bathymetric lidar for coastal habitat mapping 

Applied Geomatics Research Group, NSCC Page 9 
  

 

Figure 7 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 shows vectors representing the 
direction the wind is blowing towards. The survey was conducted on Sept. 27 with winds around 20 km/hr to the east 
and south-east. 

2.4 Lidar Data Processing 

2.4.1 Point Cloud Processing 

Once the GPS trajectory was processed for the aircraft utilizing the base station, aircraft GPS observations and combined 

with the inertial measurement unit, the trajectory data were linked to the laser returns via the GPS time tag and the lidar 

data were georeferenced. Lidar Survey Studio (LSS) software accompanies the Chiroptera II 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 was 

captured. One critical step in the processing of bathymetric lidar is the ability to map the water surface. The position of 
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the water surface is critical for calculating the refraction of the emitted laser pulse and the change in the speed of light in 

water compared to air. These calculations are necessary to accurately position the laser returns. The LSS software 

computes the water surface from the lidar returns of both the topo and hydro lasers. In addition to classifying points as 

land, water surface or bathymetry, the system also computes a water surface that ensures the entire area of water is 

covered regardless of the original lidar point density. As mentioned, part of the processing involves converting the raw 

waveform lidar return time series into discrete classified points using LSS signal processing; points include ground, water 

surface, seabed, etc. Waveform processing may include algorithms specifically for classifying the seabed through high 

turbidity water columns, where required. The points can be examined in LSS both in plan view and in cross-section view. 

The waveforms can be queried for each point so that the location of the waveform peak can be identified and the type of 

point defined, for example water surface and bathymetry; the 5MPIX image associated with the lidar points can be 

accessed as well to aid in processing. Classified 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 be 

constructed from the lidar classes and attributes including reflectance and elevation. Examples of the gridded surface 

models from the HD laser include the seabed reflectance (Figure 8) and the digital elevation model (DEM) (Figure 9). The 

DEM is actually a hybrid of the topo laser on land and the hydro laser for the submerged terrain. The noise has not been 

removed on these initial data products as seen in figures 8 and 9. 
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Figure 8 Example of the green laser raw reflectance image overlaid on a CHS chart of the area. 
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Figure 9 Example of the bare-earth seamless digital elevation model of the land and bathymetry over the chart. 
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Terrascan was 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 ocean 

surface and bathymetry points 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 both 

above and below the ground were defined. 

The standard classification numbers used in 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 also 

presented some challenges and it was decided to classify these points separately and code them such that the end user 

can decide if they want to utilize these points in the surface model construction by coding them uniquely. See Table 1 for 

the classification codes. 

2.4.1 Gridded Surface Models 

There were three main data products derived from the lidar point cloud. The first two were based on the elevation and 

include the Digital Surface Model (DSM) which incorporates valid lidar returns from vegetation, buildings, ground and 

bathymetry returns, and the Digital Elevation Model (DEM) which incorporates ground returns above and below the water 

line. The third data product was the intensity of the lidar returns, or the reflectance of the hydro lidar. The lidar reflectance, 

or the amplitude of the returning signal from the hydro laser, was influenced by several factors including water depth, the 

local angle of incidence with the target, the natural reflectivity of the target material, and the voltage or gain of the 

transmitted lidar pulse. The original data was difficult 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 reflectance 

values were normalized by taking samples of the reflectance values of a common cover type, such as sand, over depth 

ranges and using these data to establish a relationship between depth and the logarithm of the reflectance value; the 

inverse of this relationship was used to normalize the data. To compensate for the loss of the green laser pulse signal 

through attenuation in the water column and allows for more qualitative and quantitative analysis of the seabed 

reflectance (Figure 10). These data were examined and a preliminary classification of submerged vegetation was 

conducted from the depth normalized reflectance. This is an area of active research and we expect to improve the level 

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  non-ground (vegetation & buildings) 

6 Hydro laser (HD) Ground 

7 HD non-ground 

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 

  

Table 1 Table of delivered LAS classes combining the hydro (HD) and topo (TD) lidars. 
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Figure 10 Example of the original reflectance from the green laser of the seabed (left map) compared to the depth 
normalized reflectance (right map). 

The elevation of the lidar point cloud is relative to the WGS84 ellipsoid since the points were geolocated based on the GPS 

aircraft trajectory. The geoid-ellipsoid separation model, HT2, from Natural Resources Canada, was used to convert the 

DSM and DEM surface models to orthometric heights referenced to the Canadian Geodetic Vertical Datum of 1928 

(CGVD28). In 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 represented (Figure 11). 
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Figure 11 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 georeferencing. The setup effectively 

recorded multispectral RGB-NIR imagery (blue 470 nm, green 530 nm, red 590 nm, NIR 780 ς 900 nm) at 5 cm ground pixel 

resolution. Photo events were planned and collected within the Leica MissonPro software package. A full coverage was 

planned and achieved without slivered data or missing frames for the entirety of the Isle Madame study area. Photos were 

ŘŜǾŜƭƻǇŜŘ ŦǊƻƳ Ǌŀǿ ά5ŀǊƪCǊŀƳŜǎέ ǘƻ п band TIF files within the Leica FramePro 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 generated (RGB-NIR) (Figure 12). 






















































