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Abstract

SMALL UNMANNED AERIAL VEHICLES AS REMOTE SENSORS: 
AN EFFECTIVE DATA GATHERING TOOL FOR WETLAND MAPPING

Timothy P. O’Brien  Advisor:
University of Guelph 2016  Cecelia Paine

Abstract:

 This research compares an Unmanned Aerial Vehicle (UAV)-facilitated 
wetland data collection technique to conventional methods using measures of 
convenience, cost-effectiveness, and precision. The increasing risk surrounding 
Ontario’s wetlands is due in part to the inefficiencies of current data collection 
techniques. A small UAV was deployed to survey and collect imagery data 
from a wetland complex in Wellington County, Ontario. Orthomosaic imagery, 
and digital model samples were generated using spatial analysis software. 
Collected imagery displayed finer data resolution than conventional aerial 
imagery, and can be considered more comprehensive and precise in collecting 
delineation data, including ground water, vegetation patterns, and habitat. 
The single user approach demonstrated time and accessibility convenience 
over labour-intensive field studies, and at a competitive cost. For landscape 
architects and related professionals, this remote sensing approach advances 
landscape comprehension and provides a precise, accessible, and affordable 
wetland data collection method.

Keywords: Orthomosaic, Spatial Resolution, Photogrammetric Triangulation, 
Near Infrared (NIR), Landscape Architecture
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1.0 Introduction

Wetlands play a vital role in the overall landscape system. They are 

biologically productive ecosystems providing habitat for diverse plant and animal 

species, aiding in water filtration, shoreline stabilization, and flood control. 

Unfortunately, the interaction between human development and wetlands is 

increasing, seeing degradation and loss occurring at a faster rate than any other 

type of ecosystem (Millennium Ecosystem Assessment, 2005). The adoption of 

more efficient data collection approaches could more effectively establish their 

boundaries and mitigate their deterioration. 

In the last decade, there has been increased application of small 

unmanned aerial vehicles (UAVs) for surveying and monitoring natural 

landscapes (Chabot & Bird, 2013 citing Hardin and Jackson 2005; Dunford et 

al. 2009; Rango et al. 2009; Breckenridge and Dakins 2011; Getzin et al. 2012). 

Cited advantages for these technologies include the ability to acquire aerial 

imagery with high spatial resolution, efficient surveying capabilities, and at 

competitive costs. 

This research study aimed at developing a novel relationship between 

UAV technology and landscape architecture, as it is an attractive opportunity for 

facilitating quality data collecting techniques of spatially complex and physically 

sensitive wetland landscapes. The study examined a UAV-facilitated data 

collection technique. The intent was to compare this approach to conventional 

methods of data collection for the measures of precision, convenience, and cost.  

Wetland evaluations guided by the Ministry of Natural Resources’ (MNR) 

Ontario Wetland Evaluation System (OWES), along with the Southwestern 

Ontario Orthophotography Project (2010) (SWOOP) satellite imagery and 

professional consultation, served as the primary sources for the evaluative 

comparisons.
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1.1 Problem Statement 

Since the settlement of the southern and eastern regions of Ontario, over 

85% of the original wetlands have been converted to alternate uses (Ducks 

Unlimited, 2010). Many of those that remain are subject to increasing pressure 

from development, which places them at risk of the same fate. Landscapes, 

infrastructure, and buildings are too often designed without regard to their 

harmful impacts on these scarce resources, underlying ecological systems, and 

quality of life in the community (Green Business Certification Inc., 2014). The 

problem is that the means by which wetlands are investigated is laborious, costly, 

and subject to a variety of limitations (Figure 1.1).

The Ontario Wetland Evaluation System sets forth a thorough framework 

by which experts physically evaluate wetlands through field investigations, 

with the intent of generating largely ecological-based reports. Issues of scale 

and physical access are apparent with field surveys, and due to their laborious 

nature, the evaluations are expensive and often cannot keep up with the 

frequency at which the landscape, or built environment regenerates (Heywood et 

al., 2006).

Used in collaboration with ecologically based field studies, satellite 

imagery offers excellent resolution at global and regional scales, but depending 

on the platform, lacks adequate precision at the site scale. Frequently the case 

Limitations of 
conventional wetland 

data collection methods

Precision

Cost

Convenience

Spatial/Spectral Resolution

Figure 1.1 Limitations of conventional wetland data collection and mapping methodologies



3

with smaller wetlands, when site-scale assessments are required, aerial imagery 

displays too coarse a resolution to distinguish evaluative characteristics needed 

for effective mapping. 

This aerial data, or satellite imagery, can be freely accessed in a variety of 

ways. Basic versions are widely available for through commercial platforms such 

as Google Earth, BING maps, or GIS-viewers. First-rate levels of quality imagery, 

however, are expensive and sold as a commercial product. Privately acquired 

aerial imagery from site flyovers can be even more expensive.

An effective remote sensing method capable of moderating or eliminating 

these limitations would be valuable for landscape architects to communicate 

better, interpret and synthesize, and design more responsibly - particularly when 

dealing with wetland landscapes.

1.2 Thesis structure

This thesis is comprised of five chapters. Chapter 1.0 serves as an 

introduction to the topic, identifies the research problem, and highlights the 

relevance to landscape architecture. Chapter 2.0 is a comprehensive literature 

review that describes relevant terminology and definitions; the importance of 

precise site data to inform design; how wetland areas are currently defined, 

delineated, and governed; an assessment of current remote sensing techniques 

and associated limitations; an overview of UAV technology, operating rules 

and regulations, current initiatives, and how UAV technology is related to this 

research. Chapter 3.0 illustrates the methods that were used in this research, 

including the data processing procedures and software programs involved. 

Chapter 4.0 describes the results of a comparison of three methods of wetland 

mapping, illustrating the relevance of UAV technology to landscape architecture. 

Lastly, Chapter 5.0 concludes with a summary of the study, conclusions and a 

discussion of opportunities for further research. 
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2.0 Literature Review 

Understanding the terminology used in this research is important. Some 

definitions or phrases can be confusing, especially for those unfamiliar with 

the technology. For the sake of clarity, key terms are described in the following 

definition section, which then appear throughout the thesis.

2.1	 Definitions

2.1.1 Wetland 

A wetland refers to land or lands that are seasonally or permanently 

flooded by shallow water, as well as where the water table is close to the surface. 

They occur intermittently across the landscape and can vary in size from a 

fraction of a hectare to thousands of hectares. In either case the presence 

of abundant water causes the formation of hydric soils and facilitates the 

exceptional growth of water-tolerant plants, which attract unique and diverse 

wildlife (OWES, 2014). 

Wetlands often occupy only a small portion of the watershed in which they 

lie, yet they facilitate exceptional biodiversity and process a large proportion of 

the materials transfered from more prominent uplands (NRC, 1995).

Wetland is an umbrella term that encompasses a larger set of 

nomenclature. There are regulations for what is considered a wetland within 

Ontario and Canada at large, for example. Wetlands constructed for purposes 

other than conservation (e.g. storm-water management ponds, water treatment 

ponds) and are in active use as such, are not considered wetlands under the 

provincial standards (OWES, 2014).
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2.1.2  50% Vegetation Rule and Relative Cover

The 50% vegetation rule is an evaluative measure used in wetland field 

investigations to identify a mean ‘contour line’ amidst complex plant transition 

zones, the definition of which is a primary task for field evaluators (OWES, 

2014). With respect to the timing of the investigation, it is a measurement of the 

relative abundance of wetland versus terrestrial plant species, not the overall 

quantity. The dominance (>50%) of wetland species infers that the substrate is 

also indicative of wetland-facilitating conditions, and becomes a key identifier of a 

particular boundary.

Used in conjunction with the 50% wetland vegetation rule, relative cover 

is the proportion of cover that a particular plant species, vegetation layer or plant 

form represents and not the total ground area -- or the absolute cover -- occupied 

by this plant form (OWES, 2014).

2.1.3 Wetland Evaluation File

 Within the MNR’s database, evaluation files store maps and information 

pertaining to individual wetlands. Each evaluation is a culmination of gathered 

information from field studies, including scoring summaries, boundary maps, 

vegetation community maps, catchment basin maps, and supplemental aerial 

imagery and reference photos. All wetland evaluations must be reviewed by the 

Ministry of Natural Resources before they can be considered official.

2.1.4 Unmanned Aerial Vehicle (UAV)

Unmanned aerial vehicles are referred to by many names, e.g. drones, 

quadcopters, unmanned aerial systems (UAS). Typically characterized as either 

a fixed-wing plane or copter variation, the Canadian authority responsible for 

regulating UAVs, Transport Canada, offers a more generalized definition as a 
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UAV being any aircraft without a pilot on board.International authorities are taking 

steps to effectively regulate UAV crafts by implementing policy for ownership and 

use. At this time, crafts identified as a UAV are highly diverse in their size and 

form, capabilities, and applications.

2.1.5 Remote Sensing

Remote sensing is the science of obtaining information about objects or 

areas from a distance, typically from piloted aircraft, satellites, or UAVs (USDC 

NOAA, 2015).

2.1.6 Orthophotography

An orthophotograph is a single, or combined photograph from which 

distortions owing to camera tilt and ground relief have been removed. Typically 

when the final image is a product of many smaller images, it is referred to as 

an orthomosaic image. Regardless of composition, orthophotographs have the 

same scale throughout and can be effectively used as a geo-spatially correct 

map (ESRI).

2.1.7 Ground Sampling Distance (GSD)

Ground sampling distance (GSD) is the distance between two consecutive 

pixel centers in a digital image, measured on the ground. The larger the image’s 

GSD the lower the spatial resolution and the less distinct the details appear. The 

GSD is directly related to altitude as it is a focal length variable, whereby the 

higher the altitude, the greater the GSD value. Because of elevation changes in 

the landscape, consistent GSD is nearly impossible to achieve over a large area 

as it decreases at points of higher elevation, and conversely increases at low 

points (Figure 2.1). The process of orthorectifying imagery accounts for this. 
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2.1.8 Multispectral Imagery

A multispectral sensor or camera is one that captures image data at 

varying wavelengths across the electromagnetic spectrum. The wavelengths may 

be separated by filters or by the use of individual instruments that are sensitive to 

particular frequencies, including those from beyond the visible light range, such 

as near-infrared (NRCAN, 2016). 

The recording of variable wavelengths is advantageous in selectively 

collecting specific imagery qualities. Near-infrared (NIR) imagery appears plainly 

as monochromatic tones, for example. The recorded data, however provides 

higher contrast in light reflectance, which lends itself more effectively than visible 

light to discerning such things as organic from inorganic material (Fig. 2.2). This 

contrast results when certain wavelengths are absorbed and others reflected 

from sunlight cast upon vegetation. The chlorophyll in a plant absorbs visible light 

for use in photosynthesis whereas the cell structure of the leaves reflect near-

Camera
Focal Length

Film
(focal plane)

Lens

Altitude above
ground level

(AGL)

Lens

titude a
round le

(AGL

ocal Le

Ground

Figure 2.1 Ground Sample Distance (GSD) (Adapted from NRCAN, 2016)
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infrared light. As a result, healthy vegetation absorbs most of the visible light that 

hits it, and reflects a large portion of the near-infrared light. Unhealthy or sparse 

vegetation reflects more visible light and less near-infrared light. 

These values can be calibrated using the Normalized Difference 

Vegetation Index (NDVI), which is a process whereby light reflectance values 

are processed to not only illustrate visual representations of relative vegetation 

health but also to identify species-specific reflectance signatures, which can aid 

in effective classification. Moreover, the same light reflectance properties apply 

to solid and non-organic materials, including water, making the NIR wavelength 

ideal for identifying vegetation-water interfaces so prevalent in wetlands. 

The formula for NDVI calculation is: 

NDVI = 
(NIR - VIS)

(NIR + VIS)

Figure 2.2 Near-Infrared light reflectance: variance in the water-vegetation interface of a stream 
recorded on site (by author)
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2.2	 Remote	Sensing	

Remote sensing has been identified as a powerful tool to quickly gain 

accurate and convenient assessments of the landscape (Bridges, 2008; Conway 

& Urbani, 2007). The process of gathering object information from a remote 

device brings unique conditions and corresponding terminology forth that must 

be addressed to fully understand and manage the process. 

Firstly, the detail discernible in an image is dependent on the spatial 

resolution of the sensor, which refers to the size of the smallest possible feature 

that can be positively detected. As previously mentioned in the GSD definition, 

spatial resolution references the ground sampling distance of the digital camera 

or sensor. Just as the human eye has thresholds of what can clearly be observed 

at any one moment, the Instantaneous Field of View (IFOV) refers to the 

angular cone of visibility of a sensor (camera). Illustrated in Figure 2.3, the IFOV 

Figure 2.3 UAV Instantaneous Field of View (IFOV). (Adapted from NRCAN, 2016)
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determines the area of the perceived image from a given altitude at one particular 

moment in time, where: (A) determines the resolution cell, or the area on the 

Earth’s surface which is “seen” from a given altitude at any one instance. The 

size of the area viewed is determined by multiplying the IFOV by the distance 

from the ground to the sensor (C) (NRCAN, 2016). 

Secondly, the spectral resolution of a sensor describes the ability to 

decipher varying wavelength intervals. This value can be confusing numerically, 

but can be broken down into common terminology. Table 2.1 shows the spectral 

ranges of several advanced commercial satellites.

Finally, in addition to spatial and spectral resolution, temporal resolution 

is also important to consider in remote sensing. Temporal resolution refers to 

the sensor’s revisit period, or, the length of time it takes for the regeneration of 

imagery. When referring to satellites specifically, the temporal resolution is the 

time required to orbit the earth and return to the same location.

When generating aerial images over a large surface area, distortion 

Comparison	of	Commercial	Satellite	Imaging	Systems
Parameter SWOOP 

2010

WorldView-3 Spot	6&7 Pleiades-1A GeoEye-1

Nominal	
Altitude	(km) 617 694 694 770

Spatial	
Resolution
(Precision	in	

meters)

0.2 - 0.4 0.31 1.5	-	6.0 0.5 - 2.0 0.46	-	1.84

Temporal	
Resolution	

(Refresh	Rate)
At request <1 Day Daily Daily 8.3 Days

Spectral	Ranges
(Types	of
	Imagery)

Visible Light
(Enhanced)

Black & White
Multispectral  

Visible Light
Near-

Infrared

Black & 
White Visible 

Light
Near-Infrared

Black & White 
Visible Light

Near-Infrared 

Table	2.1 Comparison of commercial satellite imaging systems. (Source: SWOOP 2010, 2014; 
Satellite Imaging Corporation, 2015)
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must be avoided to maintain accuracy, proportion and scale. The process 

often requires a number of smaller images to be aligned into an orthomosaic 

image. Aligning, or orthorectifying the images adjusts minor inconsistencies and 

produces what appears to be a single, perspectively correct image that can be 

used for mapping. 

Orthorectifying is fundamental when generating geo-spatially correct aerial 

imagery, but is also important when producing three dimensional models, which 

uses the process of photogrammetric triangulation (Figure 2.4). 

Photogrammetric triangulation works by acquiring image data of the 

same content from at least two different locations -- otherwise known as parallax 

-- where lines of sight can be developed from each sensor’s (camera) position 

to the subject. Specialized software is used to retrieve the information from the 

digital sensor. This is not a separate process; rather this information is inherently 

recorded within each sensor. The sensor’s lines of sight are mathematically 

intersected on the x,y, and z axes to produce three-dimensional coordinates of 

Figure 2.4 Photogrammetric Triangulation. (Adapted from Geodetic Systems, 2016; NRCAN, 
2016)
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the points of interest. The process effectively generates a model of the subject in 

three dimensions (GSI, 2016). 

To minimize the potential room for error and have a more accurate 

representation of image scale, what is referred to as a sensor’s nadir is an 

important factor to consider. Nadir is one of two vertical directions orthogonal to 

a horizontal flat surface. This is especially important to consider for a small craft 

like the UAV used in this study, as minor variances in level can quickly begin to 

generate oblique imagery, affecting ground level accuracy and precision (Figure 

2.5).

2.3	 Operating	Unmanned	Aerial	Vehicles	(UAVs)

According to the U.S. Department of Transportation’s Federal Aviation 

Administration (FAA), registration is required for UAVs in the United States. 

Figure 2.5 Nadir and Oblique angles of View (Source: Advanced Geographic Research, 2015)
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The regulations state that an owner is obligated to register any UAV weighing 

more than 0.25 kg (0.55 pounds) and less than approximately 25 kilograms (55 

pounds) including payloads such as on-board cameras (Press Release – US 

FAA, 2015). 

Requirements are currently less stringent in Canada, which are federally 

regulated by the Department of National Defense (DND) and Transport Canada. 

The DND is the military authority regarding UAVs, while Transport Canada 

regulates the use of both civilian and work or research related UAVs (Transport 

Canada, 2016). Within the regulations, Transport Canada requests a Special 

Flight Operating Certificate (SFOC), which is essentially a declaration of intent, 

for use of UAVs over a certain size, as described below. 

Within the full guidelines, the following conditional recommendations are 

extracted that apply, or are relevant to the UAV used in this research:

If the UAV:

• Weighs between 2.1 kg and 25 kg and can meet the safety    
 conditions in the Transport Canada exemption for UAVs that    
 weigh between 2.1 kg and 25 kg, there is no permission    
 required to fly. However, notification of intent should be given to   
 Transport Canada by completing a submission form, listing location   
 of flight, equipment, duration etc.
• *The above point is worth noting, however the UAV used in this   

 study is exempt as it weighs only 1.282kg

The safety regulations recommend the operator of the UAV:

• Fly no closer than 9 km from any airport, heliport, or aerodrome.
• Fly no higher than 90 metres from above the ground.
• Fly no closer than 150 metres from people, animals, buildings,   
 structures, or vehicles.
• Avoid flying in populated areas or near large groups of people,   
 including sporting events, concerts, festivals, and firework shows.
• Avoid flying near moving vehicles, avoid highways, bridges, busy   
 streets or anywhere you could endanger or distract drivers.
• Avoid flying within restricted airspace, including near or over military  
 bases, prisons, and forest fires.
• Avoid flying anywhere that may interfere with first responders
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According to the above conditions, based on the size of the UAV in this 

study (1.282kg), the research requires adherence to the safety conditions, but 

does not require a SFOC. The specifications of the UAV are outlined in detail 

later in the thesis in section 3.3.1 Equipment. 

2.4	Wetlands	 

Occurring intermittently across the landscape, wetlands occupy the space 

between upland and aquatic terrain, are ecologically and aesthetically distinct, 

and are where natural processes occur with exceptional productivity. Landscape 

architects and related professionals acknowledge their importance because it 

is these unique locations where the potential lies to synthesize human design 

objectives with natural processes. 

2.4.1 Classification, Boundaries & Transition Zones

When describing wetlands, identification and nomenclature is typically 

categorized under the three hierarchical levels of class, form, and type. Classes 

commonly describe wetlands as either a bog, fen, marsh, swamp, or shallow 

open water, all of which are identified on the basis of the genetic origin. The form 

subdivides the classes and is differentiated on the basis of surface morphology, 

patterns, water type and substrate. And finally, types are classified by the 

presence of vegetation relationships and individual communities (Canadian 

Wetland Classification System, 1997).

Although there are a many smaller boundaries within a wetland, the 

outermost boundary is used to determine the overall size. The underlying 

biological processes and physical characteristics within this boundary are 

generally shared regardless of size, but differ enough to generate irregular 

patterns that form unique transition zones with both terrestrial and aquatic 

landscape types. Common transition zones in Ontario include upland forests; 
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lakes, rivers, and streams; agricultural, and urban land; seasonally flooded land; 

and lands flooded by beavers (OWES, 2014).

To delineate the extent of a wetland, ecologists and field evaluators 

typically identifying the outermost border while on site. Subject to advice by MNR, 

aerial imagery and elevation mapping can also be used to further inform the 

presence of site characteristics that are indicative of a wetland or non-wetland 

areas. OWES is a full framework which gives background, techniques and 

required information for wetland evaluation in Ontario.

2.4.2 Northern & Southern Ontario Wetland Evaluation System

When determining wetland boundaries in the field, evaluators must 

possess expertise and understanding of both the criteria for distinguishing 

wetlands from non-wetlands, and the subsequent methods of their mapping and 

measurement (OWES, 2014). The Ontario Ministry of Natural Resources protects 

and manages the province’s natural heritage systems, which include wetlands. 

Although based on scientific criteria, the Ontario Wetland Evaluation System was 

developed in 1981 primarily to inform Ontario’s land use planning process. The 

manual is still considered the standard for wetland evaluation and is currently 

published in its third edition. 

The evaluation system is broken into two subsections: Southern and 

Northern Ontario (Fig. 2.6). The manual is heavily based on field verification, 

and is designed to identify and quantify the ecological and human-utility values 

of wetlands, serving as a central mechanism through which conflicts can be 

resolved. Evaluations made under this framework are used across levels of 

municipal and provincial governments, conservation authorities, and the MNR 

(OWES, 2014).
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The Evaluative Process using OWES:

When commencing an evaluation, thorough preparation prior to field work 

is recommended. The evaluation system recommends using aerial imagery 

sources to ascertain initial locations of areas or specific features intended to be 

surveyed. This step is critical as ground level clarity can be obstructed when on 

site, a discussion point that is touched upon further in Chapter 4.0 Results.

OWES suggests seeking initial information from sources such as: 

• Digital data and imagery from Land Information Ontario; 
• National Topographic Series (NTS) Maps; 
• Forest Resources Inventory (FRI) maps; 
• Regulatory or watershed base maps from a conservation authority; 
• Satellite imagery (such as LandSat and SPOT); 
• Southern Ontario Land Resource Information; 
• Ecological Land Classification (ELC) Mapping; 
• Soils mapping; 
• Surficial geology mapping; 
• Other wetland or natural heritage system mapping

0 25 50 100

Kilometers

Lake Huron

Georgian 
Bay

Lake Erie

Lake Ontario
Southern Ontario

Wetland Evaluation
System

Northern Ontario
Wetland Evaluation

System

Figure	2.6 Southern and Northern Ontario Wetland Evaluation System. (Adapted from OWES, 
2014)
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As mentioned earlier, one of the most important evaluation tasks is the 

accurate identification and delineation of the outermost wetland boundary, which 

is not always obvious. The outer boundary of a wetland is based primarily on 

the presence and relative abundance of wetland plant species. This is assessed 

in part by using the ‘50% wetland vegetation’ rule of relative cover. Other key 

features indicative of a boundary or transition zone include, but are not limited 

to, soils, the classification of vegetation species, wildlife observations, and 

surrounding habitat diversity. 

The timing of field work for a wetland evaluation is important to consider, 

as the physical site characteristics can be significantly different depending on the 

time of year. Imagery collected in the spring is ideal for wetland delineation as it 

is most likely to represent times of peak water levels, and therefore the maximum 

extent of a wetland. Conversely, summer photography is less informative in these 

respects, but is more so for identification, monitoring, and the assessment of 

relative health in vegetation communities. With respect to the intended nature of 

the evaluation, several visits are sometimes required if conditions do not provide 

adequate information. This could be for any number of reasons including lack of 

plant growth, unfavourable soil conditions, or varied water levels. 

2.4.3 Data Collection: Field Studies, Satellite Imagery and UAV Mapping

Variations of satellite imagery have been a reliable supplement to field 

investigations for decades, and as the technology advances it is seeing greater 

application (NRC, 1995). Because of the large scale, satellite imagery is effective 

at providing rapid and comprehensive information. Boundary interpretation 

using aerial imagery is most effective when wetland transition zones have 

high contrast, at locations where there are distinct changes in the density and 

structure of the dominant vegetation. Interpretation and synthesis solely by 

the use of satellite imagery is difficult, especially where these areas have low 

contrast, and where changes in vegetation, soils, or hydrology is indistinct or 



19

highly variable over time (NRC, 1995). Where obvious delineation characteristics 

are not apparent, supplemental data from soil surveys, ecological assessments 

or topographic maps are ultimately required. Similarly, where aerial imagery 

is the primary source of information for access or safety reasons, interpreted 

boundaries are drawn and supplemented with any ground level photography, or 

roadside observations that can be made (OWES, 2014).

Sophisticated satellite imagery is available for much of Ontario. The 

Southwestern Ontario Orthophotography Project (SWOOP 2010), was a 

collaborative effort between southwestern municipalities and public and private 

sector organizations, and is of very high quality, offered at resolutions to 20cm 

GSD. 

The accuracy of satellite imagery is described as being directly related to 

map scale, with higher accuracies in locations where there are static reference 

points such as roads or buildings. The biophysical features of the environment 

rarely order themselves in as neat a fashion as buildings and roads, however, 

and as in the case of wetlands boundaries, they tend to be complex and indistinct 

(Marsh, 1978). Wetland-to-upland transitions can occur over large distances that 

are without static reference points and are subjected to fluctuating environmental 

conditions. These areas are therefore harder to map, quantify, and interpret. 

Consequently, the horizontal accuracy may be less precise (OWES, 2014). 

In contrast to referencing aerial imagery, collecting field data manually 

is highly detailed, yet equally time and resource consuming. It is cited that the 

meticulous and laborious nature of field studies results in a delay of information, 

where collected data often cannot keep up with the frequency at which landscape 

environments regenerate (Heywood et al., 2006). Moreover, inaccuracies in 

cover estimates from ground-based surveys are to be expected due to the 

inherent difficulty of assessing and navigating dense and complex habitat 

(Chabot & Bird, 2013). 
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A study done by researchers at McGill University examined a man-made 

wetland in Quebec, focusing on UAV-facilitated mapping of relative vegetation 

cover to decipher preferred habitat indicators of the Least Bittern (Ixobrychus 

exilis). In addition to the recorded data, the study observed a substantial 

reduction in time and effort using the small UAV. The researchers estimated that 

five days of physically strenuous field work was required to survey only a small 

fraction of the wetland, where acquiring high-resolution aerial imagery of the 

entire site with a small UAV was accomplished in one day without any physical 

exertion or intrusion into the wetland (Chabot & Bird, 2013).

It is important to investigate and evaluate wetlands properly to best 

distinguish their boundaries, and in Ontario this requires full understanding of 

wetland identification and mapping techniques which are outlined in the Ontario 

Wetland Evaluation System (OWES, 2014). Any proposed or updated wetland 

evaluation information is subject to approval by the MNR. Because the MNR’s 

land use planning decisions are supported by standardized geo-spatial data 

available through Land Information Ontario (LIO), new information should be 

integrated to the same standards as the existing system.

2.5	Summary

Although the Ontario Wetland Evaluation System bases its surveys 

primarily around attaining tangible field data, remote sensing has been 

established as an effective and convenient method for acquiring comprehensive 

wetland information. As these systems continue to advance, the affordances 

become increasingly apparent. At the site scale, reliable information is difficult 

to achieve without field confirmation, as levels of detail from aerial imagery are 

coarse. This provides the opportunity for an intermediate method, and is the 

reasoning for this study. 
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3.0 Methodology 

The following chapter outlines the methodology used in this research, 

illustrating the approach, procedures and specifications involved in undertaking 

the study. The chapter first outlines contextual information describing the 

location and nature of the study site, followed by pre-flight details, environmental 

conditions, and steps taken in performing the aerial survey. The chapter then 

describes the equipment used, and finally the data processing workflow and 

output potential is discussed.

3.1 Approach

The study methodology was formulated to specifically provide a viable 

scenario for which the assessment of a small UAV as a remote sensor can be 

compared against conventional methods of wetland data collection -- namely field 

investigations and satellite imagery -- with respect to the evaluative measures of 

precision, convenience and cost.

3.2 Study Site

A rural farm property southwest of Kenilworth, Ontario was selected as 

the study site for this research (Figure 3.1). This particular site was chosen for 

several reasons:  

The first reason was accessibility. Fortunately, the owners provided 

unlimited access to the site for this study, where in many cases, permission to 

survey private property may be an obstacle. The second reason was because of 

the composition of the site and its complexity. Located in North Wellington County 

as part of the Grand River Watershed, the property is bisected by wetlands that 

integrate with forest, farmland, and a residence complete with a stone house, 

detached workshop garage and yard. The third reason was the privacy that came 

with the rural property. For the sake of available time, the remote location was 
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beneficial as it eliminated the need for ethical clearances from the University, 

which would be inevitably encountered in a more public, urban setting.

 Also, the convenience of the site was a positive attribute, as the drive 

from the University was under an hour. Collecting the imagery under ideal 

Grand
River

Watershed

Study Site

Lake Huron

Georgian 
Bay

Lake Erie

Figure 3.1 Study site context maps. (Source: GRCA GIS data @ 1:50,000)

Study Site

Kenilworth

WELLINGTON COUNTY 

Wellington North 

Township
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conditions was important for this research, so quick travel response time was 

advantageous when monitoring changing weather conditions. This is discussed 

in further detail later in the thesis.

Lastly, many of the restrictions outlined previously in the Transport Canada 

UAV operating guidelines were able to be adhered to. Requiring a special flight 

operating certificate for example, would have hindered the timeline of the project.

3.2.1 Site Features

 Displayed in Figure 3.2, the research site is an elongated parcel of land 

typical of the Ontario countryside, measuring 0.3km by 1.36km (0.19mi x 0.85mi), 

or roughly 40 hectares (100 acres) in area. The property is programmed with 

roughly 10 hectares of active farmland, 20 hectares of woodlot/forest, 8 hectares 

of wetlands, and 2 hectares of residentially developed space.

The site’s two wetlands are designated by the Grand River Conservation 

Authority, located at the front (west) and rear (east) ends of the property. 

Highlighted in Figure 3.3, the wetlands intersect the site as part of the larger 

watershed network. The smaller of the two, at the front of the property surrounds 

a permanent stream flowing in from the north of the site. The wetland complex 

Grand RiverConservation AuthorityMap created: February 21, 2016
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GRCA DisclaimerThis map is for illustrative purposes only. Information contained hereon is

not a substitute for professional review or a site survey and is subject to

change without notice. The Grand River Conservation Authority takes no

responsibility for, nor guarantees, the accuracy of the information contained

on this map. Any interpretations or conclusions drawn from this map are the

sole responsibility of the user.
The source for each data layer is shown in parentheses in the map legend.

For a complete listing of sources and citations go to:
http://grims.grandriver.ca/docs/SourcesCitations2.htm NAD 1983, UTM Zone 17
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Figure 3.2 Aerial image of study site. (Source: GRCA GIS data @ 1:10,000)
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at the rear of the property is situated within a dense forest, and covers a greater 

area. Moreover, it displays characteristics of a more conventionally identifiable 

wetland, complete with woody debris, aquatic species, and a permanently high 

water table. Both of these wetlands, which are drastically different in appearance, 

are part of the same watershed network and discharge to the south of the 

property, on route to the main branch of the Grand River.

3.3 Aerial Survey (Data Collection)

3.3.1 Equipment

Aerial imagery of the study site was gathered with a 3DRobotics Iris Plus 

quadcopter. The battery powered aircraft was equipped with a PixHawk on-

board hard drive, which executes preprogrammed flight instructions by relaying 

data to satellites with global positioning telemetry and auto-stabilizing features. 

Dual digital MAPIR 4.3mm digital cameras were mounted beneath the body of 

the craft directing the lenses towards nadir. Table 3.1 outlines the equipment 

specifications.

3.3.1.1 Sensors

Two independent photographic sensors (high resolution digital cameras) 

selected for their capabilities and integration with the particular model of UAV, 

were used in gathering the imagery data. Attached to the underside of the craft 

using a fixed dual mount, the sensors captured nearly identical 12 mega-pixel 

images every 6 seconds across varying spectral bands. One sensor recorded 

visible light across the Red, Blue, and Green wavelengths, while the other 

captures light from within the near-infrared (NIR) wavelength (Figure 3.4). Both 

were equipped with 32GB MICROsd memory cards to store the large amount of 

images.
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VEHICLE
Quadcopter: 3DR Iris +
Autopilot: Pixhawk v2.4.5
Firmware: ArduCopter 3.2
GPS: 3DR uBlox GPS with Compass 

(LEA-6H module, 5 Hz update)
Telemetry radio:  3DR Radio Telemetry v2 (915 mHz/433 mHz)
Motors: 920 kV
Frame type:   V
Propellers: 9.5x4.5 T-Motor multirotor self-tightening (2) (R)

9.5x4.5 T-Motor multirotor self-tightening (2) (L)
Battery: 3S 5.1 Ah 8C lithium polymer
Low battery voltage: 10.5 V
Maximum voltage: 12.6 V
Battery cell limit: 3S
Payload capacity:  400 g (.8 lbs) 
Radio range: up to 1 km (.6 miles)
Flight time:  16-22 minutes, depending on payload 

SENSORS
MAPIR 4.3mm Digital Camera Visible Spectrum (1), Near Infrared (1)
Image Resolution 12 MegaPixel (4,032 x 3,024 px)
Lens Optics 60° HFOV (31mm), f/2.8 Aperture, 

-0.85% Extreme Low Distortion (Non-
Fisheye) Glass Lens

Ground Sample Resolution (GSR) 6.83 cm/px at 120 m (~400 ft) AGL
Capture Speed 1 Picture Every 3 Seconds (24 bit 

JPEG)
Battery Removable Li-ion (900mAh) [Not 

Required When USB Powered], 
≈2,500 Photos Per Charge

Weight 47g (1.7 oz) [Without Battery], 64g (2.3 
oz) [With Battery]

Dimensions 59.2 x 41.0 x 29.8mm (Length x Height 
x Depth)

Memory Storage Micro SD (Up To 32GB Card) [32GB 
Card ≈ 8,400 Pictures (Fine)]

 

Table 3.1 UAV and sensor specifications
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A near-infrared sensor was specifically requested for the study, as light 

at the NIR wavelength is almost completely absorbed by water, but is partially 

reflected by organic matter. The results display high contrast with water 

appearing dark and soil and vegetation appearing bright, making it an effective 

means of detecting the water-land interface, so common in wetlands. The NIR 

band is also effective in differentiating vegetation types by displaying greater 

differences in the reflectivity than in visible bands (Campbell, 2007; Horning et 

al., 2010).  

3.3.2 Software

The software used in this study forms a systematic work-flow across 

several programs. The programs used were Mission Planner: Ground Station 

by 3D Robotics, which was used as the flight control center; Photoscan Pro by 

Agisoft, used to orthorectify and stitch the images; Adobe Photoshop, used to 

process the NDVI image calculations; and finally QGIS, Autodesk 3ds Max, and 

Google Earth. The final three programs were not intended to be a part of the 

output destinations, but rather were exploratory and provide solid discussion 

points for valuable future research, discussed further in Chapter 5.0. 

Figure 3.4 Electromagnetic spectrum: Visible & Near-Infrared. (Adapted from University of 
Arizona, 2007)
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All software was run on a personal Macbook Pro 13” laptop with Retina 

Display, running OSX Yosemite. The laptop has a 2.5 GHz Intel Core i5 

processor, 8.0 GB 1600 MHz DDR3 memory, and an Intel HD Graphics 4000 

1024MB integrated graphics card. Although there is a version of Mission Planner: 

Ground Station for Mac OS called APM Planner 2.0, it is less robust and as such, 

the Windows version was opted for, and run on the Mac-facilitated Windows 10 

using the Desktop Parallels hard-drive sharing program. For such processing-

intensive programs like Photoscan, this computer represents a low-level option.

3.3.3 Imagery 

It was important to consider factors necessary for acquiring the highest 

quality imagery possible, which included seasonality, time of day, and weather 

conditions at the time of the survey. Altitude and flight speed was also a 

consideration made with image scale and spatial resolution in mind.

When collecting near-infrared imagery, the reflectance of light is very 

important, and is the reason why targeting peak daylight hours was critical to gain 

quality sampling and image consistency.

 Ideally, the imagery needed to be collected at as close to a singular 

moment as possible, and not pieced together over varying daylight conditions. 

This was made easier by being able to pre-program and view flight data prior 

to execution, effectively observing the required flight duration. This information 

is valuable if weather conditions are known, giving the user the discretion to 

determine if the timing is feasible or not. 

3.3.4 Timing

By the time this research intent was conceptualized, it was the end of 

September, 2015. The UAV and equipment arrived from the supplier at the 
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beginning of October, leaving a small window of ideal conditions to perform the 

survey. Coincidentally, it was at a favourable time where most vegetation was still 

active enough to provide NDVI reflectance values, and yet late enough leaf-off 

to afford unobstructed views of ground vegetation and surficial features through 

the canopy. This also enhanced the ability to discern water and land edge types - 

particularly within the forested wetland at the rear of the property.

3.3.5 Weather

The 3DR Iris+ quadcopter possesses intelligent on-board self-stabilizing 

capabilities, working effectively to keep itself level and accurately geo-located. 

Additionally, each image sensor was fixed to the craft with dampening mounts 

to minimize minor vibrations. Regardless of these mitigation features, weather 

conditions were a critical consideration for the study and had to be taken into 

account for reasons of consistent nadir, safety, and obvious reasons associated 

with precipitation-induced electronic damage. Ideal weather conditions sought for 

the day of the study were full sunshine with little to no cloud cover, as shadows 

can alter the consistency of the imagery, and also minimal wind for both craft 

stability and stationary vegetation.  

3.4 Survey Program  

The survey was conducted on October 27, 2015. The site was bisected 

and flown autonomously in two consecutive flights at a consistent altitude of 240 

meters above ground level (AGL). The flight was completed over roughly 28 

minutes between 3:00 and 4:00 pm with time taken to take off, change batteries, 

and land. Over the course of the survey the sensors acquired 560 overlapping 12 

mega-pixel JPEG photographs, complete with global positioning information. 

After the detailed flight co-ordinates were manually designed, the UAV 

was primarily operated by the prescribed autonomous program. Only once did 
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the survey require the use of the remote controller, when it was necessary to 

take off and land. The preplanned flight path was executed in a grid pattern that 

directed the UAV to survey the property in a North-to-South linear pattern. The 

specifics of the flight were determined by the intended ground coverage, desired 

ground sample resolution, predicted battery life, and physical factors including 

heights of trees, and property limits. Illustrated in a snapshot of the Mission 

Planner command center in Figure 3.5 and corresponding Table 3.2, the entirety 

of the site was flown following a 36-waypoint grid pattern. 

A limitation of the small size of the UAV was the battery life and the 

subsequent flight time. For this survey, the linear distance of the flight equaled 

roughly 6.7km, flown at a speed of 5m/s. This equated to an automated flight 

time of roughly 28 minutes, when accounting for the stopping and starting at each 

waypoint to maintain nadir. This particular UAV model is powered by a lithium 

ion battery that can sustain roughly 15-20 minutes of flight time, depending on 

payload. This required a change of battery midway through the survey at way-

point 18. With battery power being an anticipated constraint, the Mission Planner 

program allowed for the release and continuation of the automated flight at the 

specified location, providing a seamless continuation in flight and imagery. Way-

point ‘H’ pinpoints the location of survey takeoff and landing.

Waypoints 36
Distance (m) 6.72km
Altitude 240m
Speed 5m/s
Time 28min
Images 560
Frequency 6 seconds
Ground Sample Distance ~14 cm

Table 3.2 Preprogrammed waypoint survey specifications

1

2

4

3

5

6

8

71011141518

91213161720

19

21

22

24

23

25

262730313435

2829323336

Figure 3.5 Aerial survey program. Flight path with 36 way-points. 
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3.5	 Data	Processing	Workflow

 Collecting aerial imagery is relatively easy with modern technology. 

Processing the data to generate acceptable information for standardized 

mapping is a far more sophisticated task, and is required to effectively scale, 

measure, and compare values with other map sources.  

As described earlier, the workflow used to process the imagery involved 

several specialized programs. The programs and successive steps are illustrated 

in the Figure 3.6 flowchart, and described below. 

Upon completing the aerial survey, the first step was to download and 

import the raw image data into Photoscan for alignment and othorectification. 

Precise algorithms used the global positioning data corresponding to each photo 

to accurately stitch the collection of images into a single geo-spatially correct 

orthomosaic.  

3DR Mission Planner

Photoshop

MAPIR Sensors

Photoscan Pro

*Autodesk 3DS Max

*QGIS

*Google Earth

Flight Program Manager

Generate NDVI imagery

Collect/Download 
VIS & NIR Imagery

Generate, Manipulate 3D Model of 
imagery using DEM

Orthorectify Images; 
Generate Orthomosaic, Dense Point Cloud, DEM

Compare, Illustrate Data Values

Place imagery and models in 
geographical context

Figure 3.6 Imagery & data processing workflow. (*Indicates explored programs; future research 
applications)
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By separately executing this process for both the VIS and NIR images, two 

nearly identical orthomosaic images were generated. They cannot be considered 

identical as the recorded data was from slightly different locations on the UAV 

mount (Figure 3.7).

As defined in Chapter 1, the Normalized Difference Vegetation Index  

(NDVI) is used to analyze the relative health of vegetation, and was illustrated in 

the form of a vegetative ‘heat map’ using Adobe Photoshop layers. The formula 

NDVI = (NIR-Red)/(NIR+Red) was applied to the the visible spectrum and near-

infrared images (Figures 3.8 & 3.9). The resulting orthomosaic displays the 

product of this calculation, where healthy or active vegetation appears as warm 

colours and conversely inactive vegetation, or inorganic materials such as water, 

buildings and road, as cool colours. The associated gradient scale provides the 

relative information.

Figure 3.7 Dual mount with VIS & NIR sensors. (Source: 3D Robotics, 2016)
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4.0 Results

The use of UAV technology in this study proved to be an effective means 

of surveying wetlands under the evaluative measures of precision, convenience, 

and cost (Figure 4.1). Each of these factors are described individually in this 

chapter. 

4.1 Precision

Examined in the literature review, the measure of a remote sensor’s 

spatial resolution is categorized as the smallest detail discernible in an image, 

referring to the distance between pixel centers in reference to the ground. 

Chosen for its relative similarity in image subject and geography, the 

Southwestern Ontario Orthophotography Project (2010) imagery proved to be 

a good source for spatial comparison. SWOOP 2010 imagery displays GSD 

between 20cm and 40cm. This is representative of a first-rate level of satellite 

imagery that is available at reasonable cost for public access, and relevant 

specifically to southern Ontario. 

Each of the independent sensors affixed to the UAV in this study is 

determined to have a 13.66cm GSD at an altitude of 240 meters, which is more 

than twice the spatial resolution of the SWOOP (2010). 

Affordances of small 
UAVs as a precise 

technique for wetland 
data collection

Precision

Convenience

Cost

Figure 4.1 Affordance of UAVs as site scale remote sensing devices for wetland data collection
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A major benefit of a programmable UAV is that altitudes are adaptable 

and have corresponding effects on ground sampling distance. With highly 

sophisticated global positioning -- by constantly maintaining contact with at least 

8 satellites -- the UAV was able to perform grid surveys at altitudes as low as 20 

meters AGL. If not for the significant amount of trees on the site, that number 

could be lower, essentially eliminating consideration for ground sampling distance 

and spatial resolution altogether. 

The resulting GSD of the multispectral orthomosaics acquired during the 

flight was roughly 14 cm from an altitude of 240 meters AGL. When flying at a 

constant height, the images are likely to not have the same GSD. This is due to 

the terrain elevation differences and the angle of the camera while recording, 

where the lower the altitude the greater the relative effect of elevation changes. 

The final orthomosaic interprets and accounts for these changing values (Chabot 

& Bird, 2013). 

At altitudes up to the survey height (240m), vegetation species are 

differentiated, objects clearly identifiable, and sub-aquatic features become 

apparent (Figure 4.2). Because altitude and GSD are directly correlated, for the 

sensors used in this study to match the GSD of SWOOP (2010) imagery (Figure 

4.3), the altitude would need to be roughly 350 meters. It can then be concluded 

that for site-scale surveying at altitudes less than 350 meters, this method affords 

greater precision.

It should be noted that prior to importing the raw images into Photoscan 

for processing, the collection of image tiles needed to be sorted to remove any 

images taken at waypoint locations where the UAV would stop, orient, and start. 

Because of the fixed-blade rotors on the UAV quadcopter (Figure 4.4), the entire 

craft must lean in the forward direction to accelerate, which results in oblique 

images.
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 Once the craft was at its low 5 m/s cruising speed, the ‘lean’ was minimal 

and consistent.

4.2 Convenience

When compared to the availability of satellite imagery and conventional 

methods of wetland field investigation tactics in Ontario, the convenience of this 

method was apparent for a variety of reasons.  

First was the efficiency of the process. The majority of time required by 

this method was in pre-planning the automated flight pattern. Still, relatively 

minimal time was taken to design the survey by overlaying the flight path on a 

satellite image of the site. To execute the method this is somewhat of a pre-data 

requirement, where basic satellite imagery is used in preparation. It is necessary 

to ensure correct geo-location using world co-ordinates. Aside from initial 

troubleshooting, the survey design process became streamlined and took less 

than an hour to complete. With the survey preprogrammed, the operation was 

fully automated and required only 28 minutes of flight time. 

There were preliminary on-site measures taken which included first 

scouting the site in order to get a sense of scale and take note of any content 

Figure 4.4 3D Robotics Iris+ Fixed-blade rotor UAV quadcopter. (Source: 3D Robotics, 2016)
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or objects that might be of concern, such as heights of trees and power lines. 

Downloading and processing the data required further time, but was less than 

one hour. 

A field investigation of the same study site with the intent of delineating 

the extended boundaries of all present wetlands, would require an ecologist to 

walk and physically stake the perimeters, marking the wetland-upland interfaces 

-- a process that is estimated to take one day (Z. Harris. Dougan & Associates - 

personal communication, April 20, 2016). 

OWES does state that although site visits are an important part of any 

wetland evaluation, it is not expected that a wetland evaluator will traverse the 

entirety of a wetland provided the site already has documented information. 

Periodic site visits allow the evaluator to verify whether information is accurate, 

and adjust previously mapped boundaries for already existing conditions (OWES, 

2014).

Accessibility is another experienced convenience of the UAV-facilitated 

method as is displayed in Figure 4.5. Much of the study site, especially within the 

forested wetland area towards the rear of the property was extremely dense with 

vegetation and difficult to maneuver through. Had the small pool (Figure 4.6 & 

4.7) not been located during pre-survey site assessments, a field evaluator might 

not encounter it on the ground. 

The aerial perspective of this method provided unobstructed views into 

the dense brush, exposing the wetlands in great detail and largely eliminating 

considerations of physical site conditions other than considering a suitable point 

from which to set up the control center. As the UAV rapidly investigated the full 

100 acre property, the control center (computer) was stationary at a comfortable 

location on site. 
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Availability of up to date information was the final reason supporting the 

convenience of UAV-facilitated data collection. Outlined in Table 4.1, commercial 

satellites have temporal resolutions that refresh imagery on a daily frequency at 

best. 

As mentioned in the literature review, SWOOP 2010 imagery was a 

singular collaborative effort between Land Information Ontario, municipalities in 

Southwestern Ontario and a number of public and private sector organizations 

to acquire digital orthophotography of Southwestern Ontario. Perhaps due to the 

number of parties involved, an updated version was not scheduled for release 

until 2015, and is still yet to be made available (SWOOP 2010, 2014). This 

effectively omits any updated information in the last six years. 

4.3 Costs

4.3.1 Method #1 - UAV-Facilitated Wetland Investigation 

 For the materials and equipment used in this study, the bulk of the 

expense came from the UAV itself, which included several extra pieces of 

equipment (i.e. spare rotors, extra battery) that were purchased for precautionary 

measures (i.e. in the event of damage). Nearly equal in cost were the dual digital 

cameras. Developed specifically for aerial surveying, and having been designed 

to fit the 3DRobotics Iris Plus, these particular cameras were desired. Other 

costs also contributed to the overall total, including costs associated with taxes, 

shipping and travel. It should be noted that the software was run on a personal 

Comparison of Commercial Satellite Imaging Systems
Parameter SWOOP 

2010
WorldView-3 Spot 6&7 Pleiades-1A GeoEye-1

Temporal 
Resolution 

(Refresh Rate)
At request <1 Day Daily Daily 8.3 Days

Table 4.1 Comparison of Commercial Satellite Imaging Systems temporal resolution (Source: 
SWOOP 2010, 2014; Satellite Imaging Corporation, 2015)
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laptop computer, which avoided a rather large expense. An obvious portion of the 

cost breakdown that was not included was the time and associated costs taken 

to process the imagery upon completion of the aerial survey. Discussed further 

in Chapter 5.1 Limitations, this is largely due to operator inexperience, which 

made it difficult to achieve an accurate estimate on what appropriate time frames 

should be expected in future studies of this type.

 Table 4.2 shows a detailed breakdown of the capital costs used in the 

execution of the proposed UAV-facilitated method. Beyond the initial investment 

in the equipment, there was little to no operating or maintenance cost. 

UAV
3D Robotics Iris+ Quadcopter $785.15

3D Robotics Battery (Additional) $52.33

3D Robotics Propellers (Additional) $13.07

Tax&Shipping $176.06

Negotiated Student Discount $170.02

Sub-Total $856.49

Sensors (Cameras & Accessories)
3D Robotics Dual Camera Mount $98.14

MAPIR 4.3mm Camera - Infrared $392.58

MAPIR 4.3mm Camera - Visible RGB $327.15

SanDISK Memory Cards $45.17

Tax&Shipping $176.20

Sub-Total $917.22

Materials Total $1,773.71
Travel
Mileage (return) 135km

@$0.55/km $74.25

Trips 2

Total $148.50
Total Estimated Study Budget $1,922.21

Table 4.2 UAV-facilitated research study materials and disbursements
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4.3.2 Method #2 - Field Investigation  

 In comparison with the first, the second method operates by acquiring 

the necessary delineation information through a field investigation. This yields 

the most thorough results and is required by the Ministry of Natural Resources 

to submit wetland evaluation information (OWES, 2014). Provided by local 

ecological consulting & design firm Dougan & Associates (Guelph, ON), table 4.3 

displays an estimated quote for the investigation and wetland delineation of the 

same 100 acre study site. 

Field Investigation
Time Task Breakdown

Task Description Ecologist
Ecological 

Technician

Sub-
Totals 

(Hours)

Sub-Totals 
(Fees)

Wetland delineation (travel to 
and from site, boundary inter-

pretation, staking/flagging, GPS)
20 20 40 $3,200

2 hours 

travel time 

each day 

(2)

Vegetation Inventory/ELC 10 10 20 $1,600

Supplies (Wood Stakes - 200 x 
$2/ea) 0 $400

Trimble High-Accuracy GPS - 
$50/hr

(fee amount for this equipment 
has been excluded)

16 $800

Total Hours 30 30 76 $6,000
Fees 

verification

Sub-Total Fees $2,700 $2,100 $5,600

Estimated Disbursements (7.5%) $360

Total before HST $2,700 $2,100 $5,960

HST (13%) $774.80

Total including HST $6,734.80

Table 4.3 Cost estimate for field investigation provided by Dougan & Associates (Guelph). Scope 
of work to identify and delineate wetland(s) on 100-acre study site.
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An important, and perhaps most notable difference between this method 

and the UAV-facilitated technique is the multi-user approach, where both an 

ecologist and ecological technician are billed to undertake the investigation. This 

would work to reduce time, however it would also contribute to the travel and 

hourly rate expenses, which greatly affect the overall estimate. 

As part of a delineation procedure, physically identifying and staking 

wetland boundary points is an initial task, and other than time taken to navigate 

the terrain and relay co-ordinates, is rather straightforward. The corresponding 

points are marked with a global positioning system (GPS) and documented. As 

displayed in the field investigation cost breakdown, the full procedure requires 

an additional day further to this, to allow time for standard vegetation inventory 

and ecological land classification (ELC), which is a normal part of a wetland 

characterization within the Grand River Watershed (Z. Harris. Dougan & 

Associates - personal communication, April 20, 2016). 

The total estimated costs are seen to be far greater than that of the 

UAV-facilitated study, with significant amounts devoted to the time and rates of 

the evaluators. Also, and as discussed in the methodology chapter, the entire 

procedure requires significantly more time to execute than the research study 

method (60 hours vs. 28 minutes).  

4.3.3 Method #3 - Satellite Imagery 

 Many sources of satellite imagery are available upon request. Regulated, 

first-rate imagery can require the purchase of data which is not always common, 

mainly because of the wide availability of free imagery, such as Google Earth. 

Table 4.4 displays relevant costs for standardized orthoimagery available for 

purchase and digital download through Land Information Ontario on the MNR 

website. Typically priced out per square kilometer or per digital image at a scale 

of 1:10,000, a significant cost can be incurred solely through administration 
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fees. Because the study site is relatively small in area, acquiring the necessary 

imagery this way is comparatively inexpensive.

 A fair cost comparison between these three ways of investigating the 

study site is difficult to achieve as each produces varying qualities. Coupled with 

the evaluative measures of precision and convenience, the overall methodology 

allows for a more subjective interpretation of cost and value. Table 4.5 

summarizes the methods and associated costs identified in this study. 

*Free - Commercial satellite imagery is available through many web viewer 

platforms -- most notably Google Earth -- and offers basic levels of interaction 

and operation such as measurement tools and data layering. 

Orthophotography • Administration fee: $100.00 
• Price per km2: $50.00

Colour Infrared (Southern Ontario) • Administration fee: $100.00 
• Price per km2: $13

Table 4.4 Pricing overview of relevant Ontario digital orthophotography 

sets i.e. SWOOP 2010 via MNR. Price per km2 image tiles (by area).

UAV-Facilitated Method One time cost including 

single round trip travel to site: 
Total: $1,847.96.

Future survey (travel only): $74.25 
Post processing time/cost: 

*Undetermined - task dependant
Field Investigation Total: $6,734.80
Satellite Imagery 
Land Information Ontario - 
SWOOP (2010)

Total: $150 +

Satellite Imagery (Web viewers) *Free

Table 4.5 Comparative cost breakdown
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5.0 Conclusions & Discussion

As UAVs continue to proliferate with increased commercial accessibility 

and lower costs, they will likely find increased applications related to 

environmental research, management, and conservation (Chabot & Bird, 2013 

citing Watts et al. 2010; Koh and Wich 2012; Anderson and Gaston 2013). 

The use of a small UAV in this study proved to be an effective means of 

supporting and, in some scenarios, even supplanting field investigations and 

satellite imagery on the premise of precision, convenience, and associated costs. 

Each of these interpretive approaches have strengths and weaknesses, however 

the combined affordances of UAVs as remote sensing devices can only be seen 

as favourable. It can be concluded that because of this, further research on the 

application should be sought. 

Limitations encountered during the course of this study, as well as future 

opportunities are touched upon in this final chapter.

5.1 Limitations

As much as the UAV-facilitated advantages have been discussed, there 

were certainly limitations encountered -- both anticipated and experienced -- over 

the course of the study. A portion can be attributed to becoming familiarized with 

the technology. Other limitations included timing, sample size, thoroughness of 

the study, technological shortcomings, and the environment. Details of these 

limitations are discussed here.

5.1.1 Site and Study Conditions

As mentioned in Chapter 3.0, the intention was to perform the aerial 

survey under ideal conditions of sun, clear sky, and minimal wind. Although 

positive attributes of UAVs include the frequent manner in which surveys can be 
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executed, and the speed at which they can do so, the imagery is still inherently 

a representation of conditions collected over a greater time span than one 

instantaneous moment. Unfortunately, on the date selected for the study, cloud 

cover began to move in as the afternoon progressed, and shadows can be seen 

in a number of locations on the near-infrared orthomosaic. This had muted some 

of the highlights that are otherwise apparent in areas of full sun. This decrease 

in light has a negative impact on the vegetation reflectance, and affected the 

continuity of the reflected values. Consequently, producing an effective image of 

an entire site of this scale as opposed to a series of small, separate tiles may be 

difficult.

Achieving a collection of image tiles recorded as quickly as possible is 

not helped by the fact that the UAV required a change of battery at the half-way 

point in the survey. Although there are continuity measures in the automated 

flight program, image consistency is lost between the time it takes for the craft to 

release from the automated path, return to the original takeoff location, exchange 

batteries, takeoff, and return to the last waypoint position to commence the 

remainder of the flight. The effect of this limitation would become amplified in 

correlation to the size of surveyed area. For sites larger than this (100 acres+), 

it would be beneficial to purchase three or more batteries to minimize the 

anticipated ‘down’ time.

As noted earlier on the orthomosaic images, the orthorectifying process 

displayed a tendency to omit certain tiles from the output. This consistently 

occurred at the edges of the image and could perhaps be a result of issues 

with the sensor’s nadir accuracy. As the UAV slowed and accelerated at each 

waypoint, oblique images were unavoidable due to the ‘lean’ of the craft. To 

account for this in the future, it would be beneficial to design each waypoint 

further beyond the property line. This might, however, raise the issue of access 

and privacy as the UAV would encroach on neighbouring lands. 
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5.1.2 Access and Permission

Regardless of regulation adherence and site permissions, the sensor’s 

conical field of view, which corresponds to altitude, records data outside of the 

property boundaries (Figure 5.2). Without encountering the data omission issues 

explained previously, it is difficult to design a flight program that can completely 

account for this. 

Further studies without the same ease of accessibility may likely 

encounter regulatory limitations. Most notably, these include public privacy 

issues and access in densely populated areas. Moreover, it is anticipated many 

locations within urban centers will be less than 9km from an airport, requiring 

flight clearance as required by Transport Canada’s guidelines. 

Study Site
Neighbouring

Lands

Overlap

Property
Line

Figure 5.1 Inherent privacy issues resulting from Field of View. (Adapted from Geodetic Systems, 
2016; NRCAN, 2016)
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5.1.3 Technology and Process

Because most of the site had natural growth ground cover, there were few 

flat and solid locations on which to land the UAV. This required the attachment 

of extended ‘legs’ to keep the craft and cameras off the ground at impact, but 

consequently added weight. Regardless of how small the object, any and all 

weight added has an effect on the battery life during flight. Extending the flight 

footprint to better manage the edge data would negatively affect battery weight 

and life.

Another consideration is that satellites typically list the horizontal and 

vertical accuracies of their imagery. It would be important to perform a series of 

steps to ‘ground truth’ or calibrate the UAV sensors to configure these values, 

a step not undertaken in this study. A procedure of obtaining ground level 

coordinates using a GPS device would serve as validation points by which 

distances recorded on the orthoimagery could be more accurately referenced. 

Accurate scale of images can be reaffirmed by referencing a known object size 

such as a roof line or road. GPS verification would ensure the positioning of the 

orthomosaic fits into the geo-spatial context more precisely. 

In supporting the geo-spatial context and accuracy of the imagery, a larger 

sample size is thought to have been useful to provide a broader set of calibration 

values, as well as a wider range of variables to explore. In the same process 

of calibrating the sensors with reference points on the study site, triangulating 

surveys from several sites might minimize horizontal error, essentially providing 

the same process on a larger scale (Figure 5.1). Because the UAV mission 

planner program uses GPS coordination values to locate designed flight paths, 

triangulating multiple sites might help to correct any accuracy discrepancies. 

Although the subject wetlands provided ample variety, they are small in 

scale, and were convenient to access, which might not always be the case. 
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The Luther Marsh Conservation Area, a significant wetland complex 20 

kilometers northwest of the study site was considered to be -- in part -- a second 

subject site. However, due to time constraints and battery limitations the 14,500 

acre area was not a feasible option. The advantage of satellite imagery is the 

ability to explore large areas at once. In comparison, the available power and 

telemetry distance from the control center exposes UAV effectiveness limitations 

in relation to scale.  

Study Site
1

Luther Marsh
Conservation Area

2

Potential Site
3

Figure 5.2 Conceptual Triangulation over multiple sites for greater accuracy calibration. 
(Source: GRCA GIS data @ 1:50,000)
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In line with greater sample size, greater sampling (i.e. more surveys flown) 

would have been desired. Due to the time constraint towards the end of autumn, 

there was little time for experimentation or configuration with the technology. As 

streamlined as the study was, there was certainly room for optimization.

5.1.4 Processing

To generate the various output types as described in the data processing 

workflow, advanced software is necessary and can require significant processing 

power to operate. As mentioned in section 3.3.2 Software, the programs were run 

on a personal laptop computer that experienced difficulty processing the large 

amounts of data. For sites larger than the one surveyed in the study, the greater 

amount of data would require more processing power and increased expense.

When the orthomosaic imagery was generated from the raw data, default 

settings were used to save on processing power and time. It is thought that had 

higher-level processing settings been chosen for the orthorectifying process, the 

omitted edge data apparent in the Near-Infrared and NDVI orthomosaics might 

have been managed better. These points of omitted data appear to be correlated 

with the points of directional change in the aerial survey, where the UAV is most 

likely to tilt -- recording oblique image data. These moments of inconsistent nadir 

orientation are more difficult to accurately align with the rest of the image tiles, 

straining and overloading the computer’s processing capabilities.

A great amount of time was taken to identify the ideal settings of the 

selected equipment, and in many instances required the computer to be left 

unsupervised to process the data over the course of a day or night. This, and 

other clear operator-inefficiencies made it difficult to record and estimate a 

time requirement for the process, which could have then been translated into 

associated costs for comparison. Because of this, it is thought that the difference 

in costs between the UAV and field investigation would be much closer if manual 
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processing times were included.

5.2 Future Research Considerations

Within the eight month time-frame of this study, which is more like 2.5 

months of suitable flying conditions, the research was conceptualized, the 

equipment had to be ordered and calibrated, and the data collected. This 

realistically offered a window of only a few months where viable data could be 

collected. There is a need for empirical research to further explore the application 

of this method and resulting data. 

The following suggestions are made for future research opportunities 

based on advantages and limitations exposed by this study.

1) Consideration should be placed towards the technology’s 

application. The argument is made here that there are verifiable affordances 

provided by UAV-facilitated survey techniques in terms of cost, convenience 

and precision, and it would seem that this would be beneficial not only to the 

environment but to professionals and clients alike.

A future study would more directly compare data from alternative methods, 

such as from field investigations done by Dougan & Associates (or any other 

professional environmental surveying service). The limitations experienced in 

this study were largely due to time, budget, and experience with the technology. 

These factors can be streamlined for future studies so to impart more focus on 

quantitative comparisons and subsequent steps, which were not achievable in 

the extent of this study. Alternatively, a study might examine the processes used 

by the GRCA to develop wetland boundaries such as the ones registered on the 

subject site. It would be worthwhile to investigate the advantages and limitations 

of the UAV-facilitated technique over this method, which -- in contrast to the 

natural complexity of wetland borders -- appears to generate relatively coarse 
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polygonal shapes as defining boundaries. 

2) Regardless of the future application, a fundamental next step 

would be towards streamlining the process (i.e. fine-tuning the equipment 

and optimizing the execution of the survey). Also, the limits and operational 

capabilities of crafts with respect to federally-regulated laws and guidelines 

should be considered. Larger, more robust equipment would no doubt enhance 

the data recorded and effectiveness of this study, but would require clearances. 

3) UAV technology is rapidly evolving, and it is seeing sophisticated 

features correspond. Real-time video relay between the craft and the controller 

is becoming an increasingly favourable option for UAV operators, as it does not 

require the delay in information from the craft to the operator, which is the case 

with photography. Although this would not be a replacement for the recording of 

imagery for the purpose of mapping, live video could be a desirable feature as 

it would further increase the accessibility advantage over field surveying when 

dealing with difficult-to-access areas. Arborists are using the technology to gain 

fast and accurate observations of trees well within the canopy, where it would 

take significant effort to climb. 

Studies might use this eye-in-the-sky approach in collaboration with the 

orthoimagery to cross-reference data and expeditiously collect and display 

dynamic information not previously available. 

4) Future orthophotography generated using the processing workflow 

in this study could benefit from further steps. Included in the diagram in Figure 

3.6, three dimensional point cloud data provides the necessary information to 

generate a digital terrain that can be exported and modeled. It is anticipated that 

topographical contours can be illustrated, providing the capability to develop site 

specific digital elevation maps (DEM). In locations where topographical data is 

relatively coarse (where contour intervals are 1m in flat landscapes, for example), 
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site specific digital elevation models would be beneficial to show more precise 

changes in terrain. More accurate terrain sampling at this scale could have an 

effect on the awareness of development cut and fill amounts and subsequent 

operating costs, and would be worth investigating in future study.

5) In line with the accessibility of UAVs, further research should 

assess the viability of a form of communal repository, whereby digital information 

can be actively compiled and managed. One such situation where this could hold 

great value is within educational institutions or conservation agencies. 

By virtue of affording value and increasing accessibility, the use of UAVs 

in landscape architecture education is imminent. Their effective ability to record 

digital model data offers an intelligent tool for instructors and students alike. 

The technology facilitates a modern approach to traditional education in areas 

such as site grading and master-planning. Moreover, UAV technology offers 

an intimate, tangible approach to gaining site information and can encourage 

students to physically interpret project sites. In addition to providing quality 

lessons in the field, the platform offers instructors and students the opportunity to 

generate their own digital landscape interpretations. 

5.3 Final Remarks

This research adds to the initial stage of what is sure to be a positive 

synergy - drones in landscape architecture. This thesis exploration demonstrates 

why and how this technology should be used to effectively advance conventional 

investigation and mapping methodologies. The results are anticipated to be a of 

particular interest to landscape architects working on site-scale projects.
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