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Dear Dr. Scherholtz, 
 
Thank you for the opportunity to assist the Cowichan Estuary Restoration & 
Conservation Association (CERCA) by providing GIS data and communication 
materials as part of a broader shoreline mapping project conducted for the 
Cowichan Valley Regional District (CVRD). This document is a summary of the 
data collected and delivered during the period October 2017 – Sept 2017.  
 
Data were collected for the Cowichan Estuary as part of a broader project to 
better understand and explore ecological and coastal flood risks along the CVRD 
coast. There are two key deliverables – GIS data and an interactive 3D visual 
platform – and a third additional web-based mapping tool.  
 
GIS data were collected using a UAV and terrestrial GPS unit, and processed 
using Agisoft Photoscan Pro. We have referenced data to WGS84 – the 
standard global mapping datum. This enables the data we produced to be easily 
integrated into web-based mapping platforms. We have provided data in three 
formats –point cloud (.LAS), Digital Elevation Model (.TIF) and orthmosaic (.TIF). 
Point clouds provide a detailed, georeferenced, 3D platform for assessing the 
estuary, while the Digital Elevation Model and orthomosiac allows points in 3D 
space to be represented on a 2D mapping interface. 
 
We have provided several interactive, web-based and annotated 3D models built 
to scale. These models serve to provide interactive content for communicating the 
importance of the estuary and as a preview for an interactive, detailed model of 
the entire estuary where users will be able to control water levels to visualize 
changing tidal and flood conditions.  
 
Please see the following pages for further details on the data we are providing.  

 
Sincerely, 
 
 
 
Nathan Vadeboncoeur 
President – Vadeboncoeur Consulting Inc. 
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Mapping Summary 
	
Data Collection 
	
Initial data were collected for the salt marsh portion of the Cowichan Estuary in 
October, 2017 immediately following the signing of a contract with CERCA. This 
included imaging flights by UAV (drone) and collection of ground-based GPS 
control points. The initial data collection was interrupted by constant heavy rain, 
which lasted until November when tide levels were too high for comprehensive 
mapping of the mud flats. Mapping resumed in the Spring when tides were low 
enough to expose much of the mud flats.  
 
Data were processed into point clouds, orthophotos and Digital Elevation Models 
and posted on an online file sharing site for access by the project partners and 
affiliates – CERCA, Ducks Unlimited and Miranda Smith, who assisted with 
habitat classification. Data were posted as they became available, between April 
19 and May 12 and sent to CERCA on an external storage device on Sept 1, 2017.  

 
Data Processing 
 
Data were processed using a technique called photogrammetry and Structure 
from Motion (SFM) image processing. Photogrammetry is the science of making 
photographs into measurable models of the environment. SFM is the process of 
using photogrammetry to create 3D models of environments by combining several 
or several thousand partially overlapping images.  
 
Each photographic image is created by measuring (relatively) straight rays of light. 
As a camera changes position, such as when it flies by on a drone, the light 
reflecting off objects on the ground hit the camera sensor at slightly different 
angles. Each light ray therefore represents an angle between the camera and the 
ground point reflecting it. Through the process of triangulation, it is therefore 
possible to orient each ground point relative to all other ground points and 
reconstruct 3D objects. The scale and orientation of these objects is approximated 
using a GPS unit onboard the UAV that applies a geotag to each photo in the form 
of EXIF data, which is in-turn read by image processing software and used to 
estimate the camera position when each image was taken. Once the preliminary 
3D scene is built using the SFM algorithm, GPS ground control points are used to 
calibrate the model, improving geographical precision of up to 4cm.  
 
The point cloud constructed for Cowichan Estuary is made up of hundreds of 
millions of points. Each point is assigned a position in space (latitude, longitude 
and elevation). This point cloud can be used to directly measure terrain, or to 
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create measurement tools. For example, a 3D polygonal mesh can be built by 
drawing a line connecting each point to its neighbours though a process that is in 
effect a massive exercise of connect-the-dots. This mesh will be made up of 
hundreds of millions of tiny polygons. Data corresponding to the height and 
orientation of each polygon can be produced in the form of a Digital Elevation 
Model (DEM), a way of measuring and representing surface height in a relatively 
small file compared with a point cloud.  
 
Digital Elevation Models provide a geographic reference point onto which 
stereoscopic image pairs can be projected so that a large image shows each 
piece of terrain as it appears from directly overhead. This process of stereoscopic 
image projection is call orthorectification and is the process used to create 
orthophotos. That is, images of a landscape that are built to-scale and show each 
section of terrain as it appears from directly above. A similar process was used to 
apply images to the 3D polygonal mesh for the interactive 3D tools. In this case, 
each image was projected on each polygon as it appears relative to the angle of 
the polygon surface. That is, rather than projecting each image as it appears from 
above, images were projected from whatever angle (e.g. oblique, 45 degrees) the 
polygon is facing.  
 
We collected nearly 8,000 partially overlapping aerial images of Cowichan Estuary 
and used photogrammetry and SFM to re-create the landscape in the form of a 
3D point cloud that was, in turn, built into a DEM, orthophoto and 3D model.  
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Point Cloud  
 
Point cloud data is the source of all the deliverables produced for this project. It 
can be used to create custom geospatial content like new elevation models, to 
apply contours to orthophotos, or generate new 3D models of all terrain within the 
coverage area. It can also be used as a direct measurement tool. 

 
3D Point Cloud of the Southern End of the Mud Flats 

 
 
Digital Elevation Models  
 
Digital Elevation Models (DEMs) are available for most of the estuary. Reliable 
elevation data was not available for one inaccessible section of the mud flats and 
a DEM was omitted for this area. Precision for the elevation models of the estuary 
ranges from 5-30cm, with lower precision areas in the centre of mudflats, far from 
survey points, and high precision points on solid ground. 
 
DEM of the Salt Marsh South of Wescan Terminal Rd. 
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Orthophotos  
 
Orthophotos are available for the estuary, with the exception of privately held land 
at Western Forest Products and Westcan Terminals. Transport Canada does not 
allow UAVs to be flown within 30 lateral metres of buildings or persons not 
involved in the operation, preventing data to be collected for much of these areas. 
An orthomosaic was created for the estuary at 2-4cm resolution.   
 
Zoomed Out Orthophoto   Magnified Area (blue in opposite image) 

 
 
 
 
 
 
 
 
 
3D Models 
 
We have produced four 3D models and posted these on a free, web-based 
viewing platform along with annotations to help explain CERCAs work and the 
ecological processes of the estuary. These can be modified to suit CERCAs 
needs on request.  
 
A comprehensive 3D model that allows the visualization of different water levels 
and shows the estuary relative to the rest of the coast and inland areas will be 
provided once the complete CVRD coastal model, of which it is a part, is 
completed. 
 
3D Polygonal Mesh      Polygonal Mesh with Image Texture  
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Due to the limitation of consumer grade computer graphics cards and Internet 
bandwidth, the file size of web-based models is limited. About 500,000 polygons 
is a workable size for most web-based application, giving a good balance 
between speed and quality. This means that whether an area being presented via 
an online model is 100 Ha or 1 Ha, web-models are limited to the same amount of 
data, in this case polygons. This results in better geometry for models of smaller 
areas. Four examples of web-based models of the estuary are available here. For 
best viewing, use full-screen mode. Click on the annotation “1” to begin a virtual 
tour, advancing through each annotation by clicking the forward arrow that will 
appear in the bottom centre of the screen.   
 
3D Models 

• Southern Mud Flats - https://skfb.ly/6tyGB 
• Northern Mud Flats - https://skfb.ly/6tyUu  
• Southern Salt Marsh -	https://skfb.ly/6tyW6  
• Higher Resolution Southern Mud Flats - https://skfb.ly/6tyWA  

 
Screenshot of an Interactive Web-Based 3D Model 

 
 
 
 
 
 
 
 
 


