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ABSTRACT 

GREEN STREETSCAPE DESIGN EFFECTS ON AUTONOMOUS VEHICLE 

NAVIGATION 

Courtney Plato 

University of Guelph, 2019

Advisor: Dr. Robert Corry 

 

 

Twentieth century North American streetscapes were auto-oriented, with extensive impervious 

surfaces, decreasing vegetation, and devoid of desirable pedestrian activity. Emerging public design 

policies are trying to counteract these negative trends. The advancing technological development of the 

Autonomous Vehicle (AV) could re-direct the previous momentum of streetscape design, for better or 

worse. This study aims to explore some of the strategies used to make streetscapes greener, and their 

interactions with AVs. The goal is to assess whether these “green” strategies help, or hinder, the 

navigational abilities of the vehicle. Illustrated 2D and 3D dynamic streetscape demonstrations are 

assessed through online questionnaires distributed to AV experts. Tree canopy coverage is identified as 

the most concerning element for AV navigation. The results from this study can help landscape architects, 

urban designers and AV researchers consider how designed elements can lead to safer and more-

sustainable streetscapes. 

 

Keywords: Landscape Architecture, Connected and Autonomous Vehicles, Low Impact Development, 

Landscape Legibility, Self-Driving Cars, Complete Streets 
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1 |  Introduction 

Landscapes architects are stewards of the land, seeking ways to enhance, restore, respect 

and renew landscapes for everyone inhabiting and interacting with these spaces (ASLA, 2017). 

The profession of landscape architecture (LA) is broad, encompassing everything from the design 

of parks and open spaces, to mine reclamation strategies. Transportation, as a field of study 

within LA, sets the foundation and structure for movement and heathy living through the design of 

effective, accessible, environmentally-friendly corridors. The American Society of Landscape 

Architects have included within their code of ethical standards the support of policies that aim to 

enhance air quality, affordability, and connectivity through multi-modal transportation solutions to 

curb greenhouse gas emissions, increase universal accessibility and enhance connectivity 

(ASLA, 2017). As society evolves, habits develop, and pressures increase, new strategies are 

developed and implemented by landscape architects, and associated fields, to educate, 

counteract and increase land stewardship for citizens within their own realm of influence. This is 

especially prevalent in Ontario due to recent policy shifts in design and local university and 

governmental research initiatives and test facilities relating to emerging technology.  

Technology is constantly developing, with one of these areas of development being within the 

automotive sector. The new advancements are promising a future with greater freedom, mobility 

and safety. Meanwhile, measures to counteract the current form of freedom, the existing personal 

automobile, are underway in Ontario. Policies to redesign streetscapes to become more than 

places for just cars, but also for people, environmental stewardship, economic transactions, and 

sustainable transportation are gaining momentum within the province (CSC, n.d.). Humans are 

innovators, pushing boundaries and creating new ideas that have the potential to change or 

ameliorate the way things are currently done. This desire and excitement, revolves around 

budding innovation, increasing efficiency and improving life. However, the curation of grand, 

monumental innovations will impact future societies.  
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Within this research paper, I will be exploring the convergence of two emerging ideas within 

design and technology: The Complete Streets Movement and Autonomous Vehicles. Both ideas 

are built upon past infrastructure, improving the original intent, and adopting new, innovative 

ideas to better suit the populations and environmental circumstances of today. Both movements 

promise improvements to the existing functions and health of society. However, if both 

movements fail to consider other forces that are playing a parallel part within our shared public 

realm, the risk of not reaching the desired goals of reduced fossil fuel consumption, more urban 

canopy, and a more attractive public realm are heightened.  
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2 |  Literature Review 

2.1 Setting the Context 

2.1.1 Introduction 

An Urban Landscape is the composite of biophysical and sociocultural outcomes found within 

cities and the environments in which people reside (Steiner, 2014). Much like the natural 

environment, these areas are constantly evolving and adapting to meet the needs and 

requirements of their inhabitants. However, with the increasing pressures and demands on these 

landscapes, due largely to anthropogenic factors, these areas are changing at a faster rate. 

Urban landscapes are seeing a gradual decrease of the urban canopy and carbon fixation, while 

as a result, experiencing increasing rates in stormwater runoff, due to the decrease in urban 

vegetation (Nowak, 2018).  

One of the major areas within urban landscapes is the public realm. The public realm consists 

of the spaces owned and operated by public entities. These areas include open spaces, parks, 

sidewalks, and streets (LGA, 2014). However, since the emergence of the private automobile, 

landscape architecture, planning and urban design decisions within the public realm have largely 

been influenced by the increased desire for personal mobility, and “freedom”, brought upon by the 

automobile. This is evidenced in the large investments and development of roads and related 

infrastructure within North American cities. Road right-of-ways comprise around 30% of North 

American urban areas (Scruggs, 2015). This demonstrates the growing desire for more efficient 

mobility. For the past decade there have been discussions on automating the personal vehicle, to 

advance technology, improve efficiency, foster safer mobility and generate increased productivity 

(Dormehl, 2018). This innovation has great potential to change the landscape architecture, 

planning and design of cities and their streetscapes. These automated vehicles, known as 

Autonomous Vehicles (AV), Connected and Autonomous Vehicles (CAV), self-driving vehicles, or 

driverless vehicles, may alter the way in which a society behaves and interacts, impacting the 
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people, and landscape that has been built in response. Behavioral trends will undoubtedly 

change once the personal vehicle, essential to the lives of many North Americans, becomes 

increasingly autonomous.   

Systems within autonomous vehicles will have the ability to detect and respond to 

transportation infrastructure (such as signs, curbs, lights, etc…), pedestrians, and some 

vegetation, such as trees and shrubs (K. Czarnecki, personal communication, November 23, 

2018). AVs use systems and sensors, programmed to constantly search for objects within their 

surroundings. Due to the rising interest in decreasing the automobile-oriented nature of urban 

streetscapes, there is an increased desire to remodel streetscapes to equalize all modes of 

transportation (Greenberg, 2009). However, there is currently little information on how the 

modified streetscape design affects the AV’s ability to navigate. More research is required to 

understand how navigational systems interact with pedestrians and complex and shifting urban 

landscapes.  

2.1.2 Landscape Architecture and Transportation, with respect to the Landscape 

Transportation within the field of landscape architecture includes a variety of works within the 

public realm, in relation to the movement of people, goods and services, as well as their 

interaction with one another. This includes the development of public policies, the support of 

sustainable transportation practices, the development of Complete Streets, the fostering of livable 

and active communities, the support of native plant species, the management of stormwater 

runoff, and the opportunity for public outreach for transportation related discussions. Due to its 

focus within the public realm, this area of practice is highly collaborative with a variety of other 

disciplines, such as engineering, planning and environmental sciences (Lormand, 2018).  

The landscape within the realm of transportation is variable dependent on the environment. 

Streetscapes within suburban, residential areas will differ from those found within dense, urban 

environments. However, within similar environment types, streetscapes have the potential to be 

generally ubiquitous. These urban landscapes are also arguably geared towards the vehicle. Due 

to the clearance of sightlines and the rough environmental conditions adjacent to roadways, the 
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landscaped portion of the right-of-ways are generally simple and require little maintenance. They 

are however areas in which much potential exists for community identity, greening strategies and 

aesthetics (Lomand, 2018).  

2.1.3 Defining North American Transportation Systems 

North American infrastructure and built form has largely been shaped by the introduction of 

the automobile and the desire for more efficient, personal mobility. As a result, the form and 

location of traditional public spaces has varied over years, with heavy consideration of 

accessibility by private automobile (Badoe, 2000). However, some optimists see streetscapes as 

opportunities for social interaction, as opposed to disjointed funnels for various transportation 

modes (Jacobs, 1996).  

The cross section of the North American streetscape varies in attributes depending on the 

surrounding environment. Typically, streetscapes with higher speeds require wider right-of-ways, 

allowing longer blocks without interruption, smoother, more gradual curves, and larger buildings 

setback from the streets. In contrast, the pedestrian-oriented environment encourages shorter 

block lengths, smaller buildings to frame the street, straight streets and minimal barriers. The 

problem that many cities within North America encountered, was when the built form was 

prioritizing the movement of automobiles, all other modes of transportation became secondary in 

importance. Allan Jacobs, states that ideally, the best urban system would be one that 

accommodates all modes of transportation, equally. As the transportation trends change due to 

economic, societal and environmental shifts, the urban landscape will change as well. We are 

now seeing a shift in the urban and suburban streetscape design towards a major idea: The 

Complete Street Movement. Within this movement lies two ideal configurations, the Complete 

Street and the Shared Street, two transportation concepts that will be discussed in section 2.4.1.   
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2.2 The Public Realm 

2.2.1 Defining the Public Realm 

The public realm consists of the spaces owned and operated by public entities. These areas 

include open spaces, parks, sidewalks, streets, squares and other outdoor places that do not 

require keyed access. Areas within this classification are typically free-of-charge and are open for 

anyone to use (LGA, 2014). Around 50% of urban land is devoted to the public realm (Scruggs, 

2015). The public realm allows for the social interaction between people of all walks of life, with 

various income levels, and backgrounds. Some researchers have studied the overall benefits of 

the public realm, saying that the that the vibrancy of the public realm determines the success of 

the city, because its inhabitants want to be out on the streets, and visitors are keen on coming 

and being in the area (Jacobs, 1961). This idea strongly opposes the current trend that can be 

seen in society nowadays, with an increasing amount of people living in social isolation from one 

another (Vojnovic, 2006). However, experts have noticed how there is still a desire to interact on 

common grounds, within the social realm, and if cities and open spaces were designed in a way 

that fostered quality interaction, then the inhabitants and city will be far happier, more successful 

and more likely to succeed, and retain its inhabitants (Jacobs, 1961). Overtime, there was an 

increase in the desire for privacy. The white picket fence became an icon which many North 

Americans, and immigrants, associated with the “American Dream” (Jacobs, 1961). This dream 

was to create a space which one could call their own, and create unique identity between their 

lands, and their neighbours. Streets were associated with public social interaction, whereas 

homes were for privacy.  

Today, 54% of the global population currently live in cities, accounting for 64% of total vehicle 

kilometres travelled (Sui, n.d.). Sui comments that this trend, and the automation of North 

American life, is directly parallel to the rising incidents of obesity (Sui, n.d.), and is a potential 

cause for passivity and general health decline (Vojnovic, 2006). In reaction to changing societal 

challenges, more recent planning theories have focused on improving the health and accessibility 



 

 

7 

 

of the public realm. It has been noted that the social health of a community is based on how lively 

the public realm is (Jacobs, 1961). Liveliness can in part be attributed to the mixture of uses, 

varying built form, thoughtful density, and purposeful landscapes (Jacobs, 1961). These factors 

play key roles in increasing the pedestrian’s sense of safety and desire to be in a space.  

As mentioned in Section 2.1.1, streets make up approximately 30% of the city landscape, 

meaning that more than half of the public realm, and the activities that take place within, are 

dedicated to the streetscape. This increases the importance of anything placed within this portion 

of the public realm. If the desires of cities are to increase the sustainability and amount of activity 

taking place within the public realm, focus should be placed on the streetscape, and the urban 

landscape surrounding it.  

2.2.2 Development of the Urban Streetscape 

The drive for pedestrian-friendly streets has been a major force within the realm of 

transportation design. This focus has been associated with a variety of positive community 

outcomes, including healthier citizens, cleaner environments, positive economic growth, and 

increased innovation (Florida, 2002). There has been an increased desire from community 

groups and individuals to see the concept of “livable streets” take flight; the idea to better 

integrate the needs of pedestrians within roadway design. Livable streets “seek to enhance the 

pedestrian character of the street by providing a continuous sidewalk network and incorporating 

design features that minimize the negative impacts of motor vehicle use on pedestrians” 

(Dumbaugh, 2005, p.283). With rising interest in autonomous vehicles, how will the proven desire 

for more lively and vibrant streets integrate with emerging automotive technology, and how will 

green infrastructure, as part of Complete Streets play a part? This question will be the crux of my 

research, which I will address in greater detail in Section 2.5. 

2.2.3 Social Benefits of the Living Landscape 

Vegetation has been known to have a positive influence on the thermal comfort of 

pedestrians, enabling them to experience a higher level of comfort while being outside (Lin et al., 
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2008). The natural and built environment has also been proven to have an influence on the 

perceived safety of pedestrians, either positively or negatively impacting the behaviour and health 

of citizens (Naik, 2014). Along the same lines, Dumbaugh explores a rather contentious topic 

involving vegetation within streetscapes. As mentioned, living landscapes can positively influence 

the health and behaviour of a society. This includes the stormwater management strategies, such 

as rain gardens, native planting, vegetation buffers, architectural trellises and shade trees 

(Greenberg, 2009). However, at the same time, trees have been associated with roadside 

fatalities, alongside other fixed-object hazards, such as hydro poles. This reveals a potential 

conflict in the decision-making process when exploring the integration of more vegetation within 

urban streetscapes (Dumbaugh, 2005). However, with the introduction of the autonomous 

vehicle, this issue may no longer be of concern, as the risk of crashing into fixed objects are 

decreased as the human reaction time is no longer a limiting factor, provided that the woody 

vegetation is legible to AV systems.  

 

2.3 Autonomous Vehicles and the Landscape 

2.3.1 Defining Autonomous Vehicles  

The Autonomous Vehicle (AV) is an automobile that, once fully developed, will be able to 

operate without a human driver. AVs use a variety of systems and sensors that enable them to 

travel through complex urban landscapes. The built-in systems and sensors enable the vehicles 

to detect other objects, cars and people, meanwhile knowing the right navigational route through 

a series of built-in geographical maps (Taiebat, 2018). These maps identify landmarks within the 

landscape for enhanced localization (K. Czarnecki, personal communication, November 23, 

2018). 

Literature describing vehicles with the ability of automation have been referred to in a few 

different ways, depending on the authors or the technology itself. From my research, the most 

broadly used term has been Autonomous Vehicles, however terms such as Connected and 

Autonomous Vehicles (CAV), driverless vehicles, and self-driving vehicles have all been used to 



 

 

9 

 

describe similar technology. Givoni states that “for a vehicle to qualify as fully autonomous, it 

should be able to navigate itself in real traffic, within roads which have not been specifically 

adapted for its use, but this does not mean that there will not be broader modifications to road 

infrastructure to accommodate the AVs. With Vehicle-to-Vehicle and Vehicle-to-Infrastructure 

communication, AVs will be able to navigate through complex urban environments more easily” 

(Givoni, 2015).  

2.3.2 Identifying the Levels of Autonomy 

According to the Society of Automotive Engineers (SAE), there are six levels of autonomy. 

These levels range from no automation (level 0), to complete, and unrestricted automation (level 

5) and vary based on the abilities of their internal systems, and their reliance on human guidance 

(Favaro, 2017). In 2014, the SAE international unveiled the criteria upon which they classified and 

defined the levels of automation within vehicles, a classification that is now widely used and 

accepted. Levels of automation are defined through four different criteria: execution of steering 

and acceleration/deceleration, monitoring and driving of environment, fallback performance of 

dynamic driving task, system capability (driving modes). The scope of this research will assume 

full autonomy of vehicles, Level 5, meaning that no human guidance is required for the operation 

of the AV. 

 

Level 0: No automation: The entire scope of the dynamic driving and steering are in the hands of 

the human driver. Even if systems are installed, they are given no control. 

Level 1: Certain drive-modes possible through a driver assistance system. This system uses 

information about the driving environment to help inform the vehicle, while the human driver is still 

performing all the tasks required for driving. 

Level 2: Certain drive-modes are possible using one or more driver assistance systems, using 

information about the driving environment to inform the system, while the human driver is still 

performing all the tasks required for driving. 
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Level 3: Conditional Automation: The driving–mode performed by an automated driving system 

for all aspects of the dynamic driving task, with the assumption that the human driver responds at 

times with a request to intervene. 

Level 4: High Automation: the driving-mode specific is performed by the automated driving 

system, even if the human driver does not respond with a request to intervene 

Level 5: Full Automation: all dynamic driving tasks are performed by the automated driving 

system, despite the roadway and environmental conditions, as can be managed by a human 

driver (SAE International, 2014). 

 

Table 2-1: SAE Automation levels for autonomous vehicles (SAE International, 2014) 

SAE Level Name Steering & 

Acceleration 

Monitoring 

and Driving 

Fallback 

Performance 

of Dynamic 

Driving 

System 

Compatibility 

(Driving 

Modes) 

Human driver monitors the driving environment 

0 No 

Automation 

Human Driver Human Driver Human Driver N/A 

1 Driver 

Assistance 

Human Driver 

and System 

Human Driver Human Driver Some Driving 

Modes 

2 Partial 

Automation 

System Human Driver Human Driver Some Driving 

Modes 

The automated system monitors the driving environment 

3 Conditional 

Automation 

System System Human Driver Some Driving 

Modes 

4 High 

Automation 

System System System Some Driving 

Modes 

5 Full 

Automation 

System System System All Driver 

Modes 

 

2.3.3 Navigational Systems within the AV 

Regardless the level of autonomy, AVs are embedded with various systems and sensors that 

allow them to navigate through their environments. These are defined as advanced driver-

assistance systems (ADAS) (Neal, 2018). The higher the autonomy, the greater the number of 

sensors these vehicles will have and the greater the importance of these sensors to their 
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navigational ability. Sensors within vehicles act as the visual and auditory senders and receivers 

for the automobiles, providing information to the vehicles’ internal processors, which then decide 

what to do and how to react. The primary form of navigation is done through detailed mapping 

and landmark detection, however in addition, AVs use their built-in sensors and cameras to 

identify and react to real-time events. Another way in which AVs are programmed to navigate the 

built environment is thorough various communication methods. The two most common methods 

have been coined by AV researchers as “Vehicle-to-Infrastructure” and “Vehicle-to-Vehicle” 

communication”. The former describes the interaction that takes place between a vehicle’s 

system and the surrounding built environment, enabling the vehicle to communicate with 

intelligent transportation infrastructure, such as traffic signals. The latter describes the interaction 

that takes place between two vehicles. This allows vehicles to keep a safe yet efficient headway 

with other vehicles. In summary, the systems are programmed to detect and interpret traffic 

controls and surrounding vehicles, which then become triggers for programmed reactions by the 

AV (Thomopolous et al., 2015). 

This form of communication therefore requires the navigational elements, that the systems on 

the AVs detect to be clear from any obstruction or obscurity. There is the potential that this future 

form of transportation may require different streetscape design, including the urban landscape, as 

AVs will need streets to be well-maintained and cleared of anything that may hinder the vehicle’s 

”sight” (Synder, 2018). Safer driving conditions therefore include smooth pavement, well-marked 

lanes, and clear signage. Yet, on-going research continues to develop to find ways to allow for 

safe navigation on roadways even when weather conditions cause decreased road visibility, or 

poor signage legibility.  

As mentioned, currently the greatest areas of research for AVs are the advanced driver-

assistance systems (ADAS) within the vehicles, the technology that allows the vehicle to drive 

autonomously. The following is a list of some of the more common technology found within 

autonomous vehicles: 
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1. Camera systems: These systems allow the vehicle to “see”, sending the information in the form 

of images to be processed. This tool allows the vehicle to see objects such as lanes and road 

signs. This sensor is a key component to the overall system, because it allows the vehicle to 

detect objects in real-time, and to react accordingly. However, the ability of these sensors is 

limited during low visibility conditions (Davies, 2017). 

 

2. LiDAR:  This stands for Light Detection and Radar, and functions by sending laser beam 

signals towards its surroundings. This remote sensing technique sends beams of light in to the 

surroundings, and once in contact with an object, the light rebounds back to the source. The 

system then analyzes the properties of the reflection, and the time it took in flight. The instrument 

can determine the exact size of the object, as well as create high-resolution maps of its 

surroundings. It is a widely used sensor used by various professionals within the geomatics, and 

geography fields. They are most useful for detecting objects within shorter ranges, but can detail 

immediate surroundings, detecting pedestrians, animals, buildings, road barriers, speed bumps, 

and other vehicles. However, LiDAR systems are still in need of improvement, as they are known 

to lack coverage and range and are also very costly. The impacts of snow, fog, and rain also 

have adverse effects on the performance of this sensor (Neal, 2018).  

 

3. Radar:  A combination of radio detection and ranging. These are systems that send radio 

waves, and follow by interpreting the waves it receives, similar to the analytical properties of the 

LiDAR systems but less expensive. Radio waves have a farther reach than LiDAR and can 

therefore work over a longer distance.  However, Radar systems work best in detecting metallic 

objects, making pedestrians undetectable to those sensors (Davies, 2017). 

 

4. Ultrasonic systems are those that send and receive sound waves, similar to bats, dolphins and 

whales. These sensors are best used for short-range data, identifying objects within short 
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proximity. This can currently be most commonly found on vehicles systems for backing up 

(Davies, 2017). 

 

5. Infrared sensors are best used for lane marking detection, due to their ability for close range 

detection. These sensors also have the ability to detect pedestrians and bicycles, an ability that is 

heightened even more at night (Davies, 2017). 

 

6. Geographical Positioning Systems (GPS) are one of the more widely and commonly used 

systems within AVs, and in our everyday lives. GPS systems have the ability to detect one’s 

location, due to signals received from orbiting satellites. These satellites use triangulation to 

determine the GPS’s position, matching the location with topography information for better 

accuracy. However, the GPS has been known for their errors, which at times could be of several 

meters. The density of clouds, as well at taller buildings or structures may also affect the clarity of 

the GPS signals, skewing the accuracy of the position (Davies, 2017). 

 

7. 3D High-Fidelity Maps are programmed by the automaker to include exact details of curbs, 

lane markings, traffic signs, trees, rules of the road, and posted speed limits. This tool is 

especially useful when navigating through adverse weather, such as snow and falling rain 

(Davies, 2017). 
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Figure 2-1: Illustration of Autonomous Vehicle Sensors and Systems - adapted from Taiebat, 2018 

 

2.3.4 AV Expert Input 

Dr. Krzysztof Czarnecki (KC), a faculty researcher from the University of Waterloo, is leading 

one of the student teams on projects relating to Waterloo’s Centre for Automotive Research 

(WatCAR), focusing on research revolving around Autonomoose, the University’s autonomous 

vehicle. In a discussion with KC, he mentioned that their autonomous vehicle is equipped with a 

variety of sensors and systems to collect and interpret data. A major struggle with their AV’s 

navigational ability is when the vehicle is traveling through monotonous, repetitive and bland 

environments. KC mentioned that the AVs have trouble determining their location when the 

surrounding environment lacks distinctive landmarks, such as buildings, signs or even trees. 

These vehicles like diversity, as opposed to sameness, using the different textures and 

environments to determine their location. Geographical landmarks enable the AV to localize 

themselves, when navigating using their built-in map. (K. Czarnecki, personal communication, 

November 23, 2018). Contrary to personal belief, KC mentioned that AVs do appreciate trees and 

shrubs, as they add to the “environmental backdrop”, however trees are preferred, as they tend to 

be larger and more permanent. (K. Czarnecki, personal communication, December 20, 2018). 
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This aligns with current municipal trends to increase the landscaping in urban areas. However, if 

trees in new urban areas are required to be planted every eight to twenty metres, would this 

environment decrease the AV’s ability to localize itself, as certain streetscapes may become more 

repetitive and less distinct?   

2.3.5 Movement of AVs in the landscape in relation to pedestrians  

AVs are equipped with sensors that aid in the detection of a human, such as LiDAR, infrared 

sensors and cameras. However, unlike AVs, pedestrians are not programmed and therefore have 

the ability to react spontaneously. The major ethical conversation currently facing the legislation is 

in relation to an AVs ability to decide the fate either of its passengers, or a pedestrian (Gibbs, 

2016). When in discussion with KC, he said that one of the major issues that they are facing in his 

lab is with the interface between pedestrians and AVs. Without pedestrians, the AV would have a 

much easier time traveling through urban centres, but because AVs will be designed for urban 

areas with people, the vehicles must be able to interact with the elements that are currently found 

in the urban public realm. KC says that the unpredictability of pedestrians is a point of conflict, 

because right now, AVs are programmed to stop when a pedestrian is detected. However, if there 

is a continual stream of pedestrians, the AV will not move. Once again, this ties back to the 

ethical discussions revolving around AVs (K. Czarnecki, personal communication, November 23, 

2018).  

2.3.6 Landscape elements affecting the navigation of the AVs 

One major struggle when dealing with the systems and sensors found within automotive 

vehicles is the ability for them to read the landscape under all weather conditions. This is 

especially prevalent in Canada, as most provinces experience a range of precipitation, decay, 

and renewal throughout all four seasons. Snow is one of the more ambiguous of the natural 

elements for automotive vehicles, because it has a tendency to cover much of the infrastructure 

that AVs detect for navigation. The sensors are typically at their prime when the weather is clear 

(Ford, 2016). Ford is the first automotive company known for performing tests with AVs in the 
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snow, bringing the company a step closer to seeing their vehicles on public roads. Ford develops 

their own high-resolution, 3D maps, which collect data around and above the vehicle. This 

includes signs, traffic signals, topography, geography and landmarks. By developing 3D maps, it 

has been argued that their vehicles are able to better navigate through their environments, even 

with a layer of snow on the ground (Ford, 2016).  

KC mentioned how AVs have the ability to detect low-height vegetation such as shrubs. 

However, the vehicles currently lack the ability to preventatively detect objects or people 

obscured by the shrub, therefore if a vehicle were to decide to collide into this form of vegetation 

in order to avoid a tree trunk or another more harmful object, the person behind the shrub would 

go unnoticed until the AV clears the shrub (K. Czarnecki, personal communication, December 20, 

2018). 

There is a lack of literature on the interaction between AVs and plant debris, water and fallen 

leaves. Snowfall and rainfall seemed to be the most current fields of research in relation to AV 

navigation in adverse weather.  

2.3.7 Future aspirations for the Autonomous Vehicle within the Public Realm 

Some researchers note how AVs will change the public realm for the better, adding 

significance to the pedestrian realm. Snyder remarks that this new technology will allow urban 

streetscapes to change the travel mode they prioritize. Roads will go through “diets”, narrowing 

the right-of-way, requiring much less on-street parking, and allowing for bi-directional travel lanes. 

This as a result will allow for more “social space” to return to cities. Spaces once formerly used 

for the personal automobile, can be renewed and used as public transit lanes, displaying public 

art, movement pathways and spaces for outdoor furniture (Snyder, 2018). Theoretically, with the 

expectant changes to be brought about by AV technology, more land will be available to exercise 

Complete Street strategies for environmental renewal. 
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2.4 A Major Streetscape Movement 

2.4.1 The Complete Streets Movement 

The term “pedestrian” is defined as “of, relating to, or designed for walking” (Merriam-Webster, 

2018). This definition has not change since the inception of the word, however, the importance of 

the word, in the North American context has changed. Walking was the primary method of 

transportation throughout history. However, movement on land became more efficient as time 

went on, from horse drawn carriages, to streetcars then finally to the automobile (Mitchell, 2010). 

This yearning for efficiency, mobility and access has been one of the main drivers behind the 

advancement in transportation research and investment, but the impacts on health and wellness 

have typically been reactions to the anthropogenic and environmental impacts of the technology. 

Many new planning strategies are being put in place to counter the negative impacts of the 

automobile, and the sedentary lifestyle for humans that has been in part, a result of it. There has 

therefore been much focus placed on the realm of urban streetscapes. The term “Streetscape” 

can be defined as the natural and built fabric of the street composed of everything within the 

public right-of-way of a movement corridor. This includes, but is not limited to, the building 

frontages, street surfaces, sidewalks, bike lanes, roads, fixtures and fittings that facilitate its use, 

including public transit infrastructure and planting schemes (Rehan, 2012). Some of the 

objectives of modern urban streetscapes are to: 

 

• Improve overall environmental quality (Tetra, 2012) 

• Enhance social well-being by providing enough space for pedestrians and allowing 

spaces for social interaction to occur (EIP Associates, 2006), while also promoting the 

use of outdoor activities (IBI Group, 2009)  

• Promote the use of low-impact development strategies to reduce overall energy 

consumption, stormwater runoff and water use, by increasing the amount of permeable 

surfaces and landscaping (Rehan, 2012) 
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Overall, the idea has been to create sustainable streetscapes that cater to the three E’s of 

sustainability: environmental, economic and equitable. It has been identified that the “E” of 

economy has been favoured over the other two, decreasing the invaluable, and sometimes 

immeasurable potential benefits that can arise from equitable and environmental influences 

(Greenberg, 2009). However, some strategies have been introduced to guide development to 

enhance the focus on the environmental and equitable aspects of sustainability.  

As a product of the North American modern Environmental movement, Complete Streets 

(CS), or sustainable streets, is a movement that aims to produce safe, convenient and 

comfortable methods of transportation for all travel modes. This includes, but is not limited to, 

walking, biking, driving, and transit. This approach to designing urban streetscapes is becoming 

more common, especially in the suburban context, where streets are typically not in a grid-like 

pattern, and vehicular volume is less efficient (Garrett, 2014). One of the goals of CS is to 

produce good street design, reclaiming the roadway for all modes of transportation. This in turn 

decreases the movement barriers for people of various abilities. Another goal is to encourage 

social interaction, provide areas with a sense of place, and to positively influence adjacent land 

uses (Smart Growth America, n.d.).  

Two major street typologies have arisen from this movement, the Shared Street and the 

Complete Street. The Shared Street provides users with equal access to the entire right-of-way. 

This typology promotes the interconnectedness of sidewalks with street crossings, with fewer, or 

subtler, barriers and lane demarcations (NACTO, 2015). This can result in narrower streets and 

slower speeds. This street typology is unconventional and can therefore only be used within 

certain environments. Due to the higher levels of interaction between pedestrians, cyclists and 

vehicles, this typology can be seen as a major challenge for AV navigation (K. Czarnecki, 

personal communication, November 23 2018). 

The second, more common typology is the Complete Street, where the road right-of-way 

provides distinctive infrastructure for various modes of transportation, keeping the uses efficiently 

segregated. This typology requires wider right-of-ways but allows for higher speeds than the 
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former type. Due to the lower levels of interaction between pedestrians, cyclists and vehicles, this 

typology might potentially result in a more favourable driving environment for AVs.   

Each of these typologies responds to the desire for equitable, environmental, safe and lively 

streets. They both seek to increase the “green” potential of their streets, reducing the negative 

environmental impact of urban streetscapes, by implementing Low Impact Development 

strategies and investing in landscaping elements that address curb stormwater runoff and CO2 

absorption.  

2.4.2 Green Infrastructure 

While analyzing the Complete Street guidelines for the cities of Guelph, Toronto, London, 

Vaughan, the Region of Niagara, and the Toronto Centre for Active Transportation, each of these 

municipalities and organizations made mention, or provided an entire section, to the importance 

of green infrastructure and the part it plays within the Complete Streets movement. The City of 

Toronto describes Green Infrastructure through eight guiding design principles.  

 

1. Street trees and landscaping 

2. Stormwater Management 

3. Visibility and safety 

4. Universal accessibility 

5. Operations and maintenance 

6. Achieving multiple environmental objectives 

7. Sustainable energy 

8. Sustainable transportation 

 

Toronto has also identified the areas where green infrastructure is typically located and has 

classified them into four categories.  
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1. The Frontage zone: Located between the sidewalk and the building setback. A good area 

for trees. 

 

2. Planting and furnishing zone: Between the sidewalk and curb. This zone may be used for 

street poles with hanging planters, trellises, solar panels or trees. 

 

3. Curbside: This zone can be enhanced through curb extensions, making way for 

bioswales, rain gardens, permeable pavement or cycling infrastructure. 

 

4. Medians or Raised Islands: These zones are located within the roadways, but are good 

areas for trees and limited landscaping, dependent on maintenance. 

 

Figure 2-2 provides an illustration of the various zones found within a streetscape, identified 

by the Region of Niagara. Similar ideas were found within the City of Toronto and the City of 

Vaughan’s guidelines.  

 

Figure 2-2: Conventional Streetscape Zones (Illustration not to scale) 
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It is widely agreed-upon that the technology found within AVs is able to detect trees, signs, 

and buildings (Ford, 2016). However, the degree to which these elements play a role in the 

navigational abilities of the AV, and how much weight is associated with the AV’s reliance on 

trees compared to a sign or building, for example, is still unclear.  

Because the idea of Complete Streets and Green Infrastructure is relatively new and not yet 

widespread, there is little information as to how this infrastructure affects the navigational abilities 

of AVs. If AV designers are currently referencing the conventional roadway designs for testing 

and programming their systems, will the desire for Complete Streets be met in opposition by this 

new technology? This is the essence of my research. 

 

2.5 Conclusion  

The public realm has changed over time, evolving with the development of technology and 

anthropogenic pressures. One of the major technological advances over the past century that 

drastically changed the built form and social patterns within North America was the rise of the 

automobile. As this mobile catalyst is set to evolve once again with the development of AVs, the 

built form will transform as a result, either proactively or reactively.  

Ontario passed a by-law in January 2019 allowing SAE Level three automated vehicles on 

public roads, once they are available for public purchase (MTO, 2019). At this automation level, 

the vehicle is able to navigate on its own. However, a driver is still required to sit behind the 

steering wheel, ready to take control were the vehicle to require human fallback navigation. 

Although these vehicles are not yet ready for public purchase, the technology has been 

developed. Since 2016, the Province has endorsed the Automated Vehicle Pilot Program, 

allowing a select few researchers to perform AV testing on public roads (MTO, 2016). However, 

as technology continues to advance, the strict restraints on AVs will be removed, and the impacts 

of this new and exciting automotive technology will be evident. Once the development of Level 5 

automation is reached and available for public purchase, proactive planning strategies will be 

required to properly control the impact of the AV on the public realm. 
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3 |  Methods 

3.1 Introduction 

This research project compares a variety of strategies within a movement that cities are 

undertaking to make their streetscapes more “green” against the navigational abilities of AVs. 

This research is experimental and speculative, gathering insights about how these themes 

intersect. Fully automated vehicles are not yet developed nor permitted on public roads, and 

Complete Street policies are not yet widespread within Canada or across North America. This 

project is seeking to respond to a question that will not be verifiable until the full development of 

AV technology and the proliferation of Complete Streets. However, striving to start the 

conversation prior to the convergence of these two movements might inform the discussion. The 

methods chosen for this research project are targeted at answering the following speculative 

research question:  

 

“How do common strategies that are used to make streetscapes more “green” impact 

the navigational abilities of an autonomous vehicle?”  

 

This research question is both exploratory and narrative, answering questions in a manner 

that hopes to evaluate and explain future conditions.  
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3.2 Methodology 

The following figure outlines the methodology followed for my research: 

 

Figure 3.1 Four-Step Methodology Sequence 

3.2.1 Expert Input 

As mentioned in my literature review, KC from the University of Waterloo provided expert 

knowledge and was a valuable resource within the initial stages of the research. His expertise on 

the systems and sensors within the AV was helpful in clarifying some preliminary queries about 

the preference of streetscape elements for AV navigation and their reaction to vegetation and 

pedestrians. He also helped in identifying some areas of conflict that his lab experiences within 

the built environment and helped me foresee some preliminary navigational issues with Complete 

Streets configurations.  Results of this expert knowledge are reported in Chapter 4 and 

elaborated in the descriptions of the assessment parameters. 

 

•Semi-structured interview with an Autonomous Vehicle researcher, 
supplementing information acquired from the literature review

1. Expert Input

•Selection of key attributes and elements within Complete Street guidelines

•Development of assessment material graphics, portraying five simulated settings 
with varying elements of Complete Streets

2. Evaluative Parameters for Assessment

•Creation of questionnaire on Qualtrics

3. Development of Questionnaire for Data Collection

•Assessing the questionnaire and its contents with an Autonomous Vehicle 
researcher, for legibility and understanding

•Distribution of questionnaire to AV researchers & application experts 

4. Key Informant Verification & Distribution of Questionnaire
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3.2.2 Evaluative Parameters for Assessment: Attribute Selection and Creation of 

Assessment Materials 

This section is divided into two parts, the selection of Complete Street attributes and the 

creation of assessment materials. The first part highlights how the streetscape attributes were 

selected, based on common/typical directions from the literature, advice from my thesis advisor 

and KC’s input. The second part elaborates on the creation of the simulated streetscapes based 

on the dimensions found within the literature and the conversation with the expert. I began first by 

determining the assumptions on which to base the research. 

3.2.2.1 Assumptions 

My research question aims to identify the impacts or potential areas of conflict between 

autonomous vehicle navigation and Complete Street (CS) Design elements, within the context of 

Ontario cities. Prior to executing my methods, I had to choose parameters that would limit, refine 

and contextualize my research. The parameters placed on this research project were as follows: 

 

Level 5 Automation: 

 Assuming a fully autonomous vehicle for this project would mean that the vehicles would 

have full navigational control, with no reliance on human interference. Assuming as well that the 

AV would be relying on its internal systems and sensors, the various elements found within the 

streetscape environment would hypothetically play a larger role in its ability to safely navigate the 

scene. However, knowing that the technology for level 5 automation is still in development, the 

nature of the research remains speculative. Table 2.1 in Chapter 2 provides more detailed 

elaboration on these levels of automation. 

 

Geography and Seasonality: 

 Variances in seasonality are assumed, based on the seasonal changes within Southern 

Ontario and the Great Lakes region. Once fully functional, AVs will be required to traverse a 
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variety of different landscapes and experience varied weather patterns. Therefore, assuming 

similar weather conditions for the purposes of this research project are assumed.  

3.2.2.2 Attribute Selection 

The Complete Streets movement within North America seeks to address the negative impacts 

caused by the auto-centric development of cities. Behind this movement lies the desire to create 

healthier, safer, more-comfortable and more-resilient cities through physical improvements to 

streetscapes. The main intent behind the Complete Streets movement is to reclaim the streets for 

all modes for transportation, instead of prioritizing the personal automobile. A secondary intent is 

to bring a sense of place back to the street. The idea is to alter the existing mindset around this 

aspect of the public realm, and cast vision back to the streets, showing how these areas hold a 

great potential to foster social interaction, environmental stewardship and economic activity.  As 

streets make up a large percentage of the urban fabric, using this public realm area to decrease 

the Urban Heat Island Effect, and address stormwater at its source is another major strategy 

embedded within this movement (NATCO, 2015). I therefore used this research opportunity to 

address Complete Street guidelines within the Province of Ontario as a geographic framework for 

this research project. 

The Growth Plan for the Greater Golden Horseshoe (GGH) is a planning document that 

guides growth and development within the GGH area. It is one of the fastest growing areas in 

North America and is home to a quarter of Canadians (MAH, 2012). It is an important hub for 

economic activity, generating 25% of Canada’s Gross Domestic Product (GDP). The area is 

therefore a highly influential geographic location within the Canadian context. In Chapter 3 of the 

May 2017 edition of the Growth Plan, the use of Complete Streets for all new and refurbished 

streets was endorsed, making Ontario the first province in Canada to recommend this 

streetscape configuration (Ontario, 2017). It says, “Using a Complete Streets approach to 

roadway design, construction and refurbishment will ensure that the needs and safety of all road 

users are considered when planning and building the street network.” (Ontario, 2017, p. 31). 

Section 3.2.2.3 of the Growth Plan indicates how a Complete Streets approach is to be adopted 
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in any new and refurbished streetscapes projects, and Section 3.2.2.2b indicates Ontario’s desire 

to decrease the reliance on automobiles, encouraging active transportation as an alternative 

option (Ontario, 2017). The Growth Plan has been developed under the guidance of the Places to 

Grow Act, the Province’s strategy to direct growth in Ontario. Subsidiary land use plans must 

therefore conform to this document. Over 100 Canadian municipalities have adopted the policy in 

some manner, but few have rendered standalone guidelines or documents detailing the ways in 

which to undertake or maintain such configurations.  

Due to this provincial endorsement, I performed a search for standalone CS guidelines or 

chapters of larger planning documents dedicated to the implementation of CS. After an online 

search through grey literature, I identified seven documents, from various cities, counties and 

regions within Ontario. The largest city to have released a standalone set of guidelines for 

Complete Streets was the City of Toronto in 2016. The City of St. Thomas, City of London, City of 

Guelph, City of Vaughan, City of Niagara and Grey and Bruce Counties also have documents 

highlighting their goals for Complete Street strategies (CSC, n.d.). Having identified documents 

for review, a list for each city/county/region was created, highlighting streetscape improvement 

strategies identified within their guidelines. The intention of this list was to then reveal the most 

important, easy to implement, or most favourable CS attributes within these political areas. 

3.2.2.3 Creation of Assessment Materials 

 The research question seeks to identify areas of impact between AVs and Complete Street 

configurations. However, due to the lack of access to a level 5 autonomous vehicle, the 

evaluation would be performed in a hypothetical environment, assessing navigational abilities 

through a series of dynamic visualizations of streetscapes. These models would be 

representative of Complete Streets, portraying select characteristics and featured elements 

endorsed by this movement. 

Understanding whom the visuals were intended for was instrumental in determining how 

the visuals were to be created and demonstrated. My target response group was AV researchers. 
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The assumption was therefore made that these experts would be more responsive to clear, direct 

graphics, that clearly demonstrated the different CS elements within the illustrative streetscapes. 

Through inspiration drawn from the studies performed by the National Association of City 

Transportation Officials (NACTO, 2015), five illustrated scenarios were created to depict a variety 

of streetscape settings, varying based on density, character and streetscape elements. These 

scenarios included the common elements identified within the seven reviewed policy documents. 

Table 4-2 elaborates on these items identified within the policy documents. Depicting five 

scenarios allowed for a variety of common urban streetscape configurations to be generated, 

without creating more than could be managed within the scope of this project. 

Using SketchUp, a 3D-modeling computer program, the scenarios were drawn to scale and 

made to look like conceptual renderings of real streets. These visualizations were populated with 

automobiles, people and street furnishings. 

3.2.3 Development of Questionnaire 

Due to the broad geographic spread of the key expert respondents and the time constraint, an 

online questionnaire was chosen for the data collection method. Using the survey software 

Qualtrics, I developed a series of closed and open-ended questions with streetscape illustrations, 

that asked respondents to identify streetscape elements found within the simulated setting as 

positive, negative, neutral or unknown for AV navigation. Other targeted concepts that required 

responses were weather constraints and streetscape preference.  

These questions all revolved around the five illustrated settings. In order to ensure better 

understanding of the questions and clear communication through the graphics, two different 

forms of visualizations were developed. These visualizations were portrayed primarily in a 2-

dimensional graphic, with callouts to label specific streetscape elements that related to Complete 

Streets. Secondly, a short video clip was included, guiding the audience from a plan view of the 

streetscape section, to a birdseye view that carries the viewer along the north-south axis of the 

roadway. Each question was carefully developed to ensure its relation to the initial research 

question. The individual questions asked the respondents to comment, based on their existing 



 

 

28 

 

knowledge and speculations, on whether the streetscape elements presented within the 

illustrated streetscape induced positive or negative impacts on the navigational abilities of the 

Autonomous Vehicle. The respondents were also asked to comment on whether the changes in 

seasonality would alter their responses to the prior question. The last question asked the 

respondents to rate the simulated settings, from easiest to most difficult to navigate. This would 

help provide some greater information as to the streetscape configurations that pose a problem 

for navigation, as opposed to individual elements. Figure 3-1 illustrates an example of the 

questionnaire’s labelled streetscape.  
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Figure 3-1: Sample of online questionnaire 

 Due to the limited available time of the potential respondents, the questionnaire was kept 

short, estimating approximately ten to fifteen minutes to complete. The number of open-ended 
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questions was kept to a minimum, to try to increase the responsiveness of the experts. However, 

the number of questions differed based on the recipient. The complete questionnaire can be 

found in Appendix B. 

 On behalf of the Autonomous Vehicle, AV researchers would be invited to assess the 

conceptual models, seeking to speak to the navigational abilities of the AV through the various 

environmental configurations presented. After having spoken to KC and learning about the 

various projects his lab is undertaking in relation to AV navigation, it was affirmed that AV 

researchers would have the greatest understanding of the capabilities and limitations of the 

vehicle’s navigational systems. 

 

3.2.4 Key Informant Verification & Distribution of Questionnaire 

3.2.4.1 Key Informant Verification 

To ensure that the questionnaire would be well understood by AV researchers, it was to be 

reviewed by an AV researcher or application expert. The expert would be given a link to the 

questionnaire, and any comments or feedback provided relating to the organization or content of 

the questionnaire would be applied. A major identified challenge with internet surveys is that 

respondents need to be able to understand and respond to the questions as the researcher 

intends for them to be understood (Robson, 2011). Verifying the content with an informant will 

therefore diminish the uncertainty within the questions, from the mindset of an AV researcher.   

3.2.4.2 Distribution of Questionnaire 

My research question required that I contact key experts working with, or performing research 

on, AVs. Having narrowed down the parameters of the project, and reviewing documents 

produced only within Ontario, the search was limited to key experts within the Province of Ontario 

or the Great Lakes region, so that the questionnaire could be answered from a similar 

geographical framework, and the relevance of these documents pertained to the environment 

these researchers were working in. Within this geographic framework, six different parties were 
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contacted, and of those, three experts were willing to participate in the research in the time 

allotted (i.e. before the end of March, 2019). Contacts were made in two ways, either through 

direct email contact, or through referrals from direct contacts. Figure 3-2 shows the path used to 

connect with each contact. 

 

Figure 3-2: AV Researcher and Application Expert Contact Flow Chart 
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The experts and their descriptions are as follows: 

Table 3-1: AV Researcher and Application Expert Contacts 

Name Organization Expert Area 

Dr. Adrian Chan Carleton University 
(Ottawa, Ontario) 

• Professor in the Department of Systems 
and Computer Engineering 

• Director of Research and Education in 
Accessibility, Design and Innovation 
(READi) 

• Adjunct Professor at the School of 
Human Kinetics, University of Ottawa 

• Affiliate Investigator at the Buyère 
Research Institute 

Dr. Matthew 
Johnson Roberson 

University of Michigan 
(Ann Arbor, Michigan) 

• Associate Professor of Engineering in 
the Department of Naval Architecture & 
Marine Engineering and the Department 
of Electrical and Computer Science 

• Co-director of the UM Ford Center for 
Autonomous Vehicles (FCAV) 

• Founder and leader of the DROP (Deep 
Robot Optical Perception) Lab, 
researching 3D reconstruction, 
segmentation, data mining & 
visualization 

Mr. Sam Saad Innovation Factory and 
Centre for Integrated 
Transportation and 
Mobility (Hamilton, 
Ontario) 

• Director of Strategic Initiatives 

• Founder of the Centre for Integrated 
Transportation and Mobility, providing 
technical and business advisory 
services and resources to Ontario-
based start-ups and enterprises, 
focusing on developing connected and 
autonomous mobility 
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4 |  Results 

4.1 Expert Input 

On November 23rd, 2018, an online meeting was held between KC and I. It was a semi-

structured interview and lasted for approximately 30 minutes. The interview was structured 

around his lab, the work they do, the challenges his lab faces in relation to AV navigation, and the 

development of their systems. 

Some of the information received was noted within the literature review portion of this report, 

however, this input was valuable in creating the assessments and foreseeing what the experts 

are currently seeing as challenges to their systems and sensors. KC’s comments were especially 

insightful in recommending that vegetation does not have a negative impact on navigation, if 

anything, it aids the navigational abilities of the vehicle by adding greater potential for landmarks 

and variation in the landscape, easing AV localization. KC provided insight to the amount of 

consideration given to Complete Streets navigation. Within the cities of Waterloo and Kitchener 

exist Complete Streets and Shared Streets, however, when asked how their AV would fare in 

such environments, KC implied that testing on these alternative streetscape designs has not yet 

been considered. Shared Streets especially brought up some hesitation from KC, as the idea of a 

pedestrian priority street, with no curbs, and less predictability was stated to pose a great 

challenge for the AVs. 

 

4.2 Evaluative Parameters for Assessment 

4.2.1 Complete Streets Document Review 

A generic document search was performed for municipalities, townships and regions that have 

created or adopted Complete Streets (CS) into their government’s policies. In order to narrow 

down my search, the following criteria were used as a guide for which documents were to be 

reviewed. 
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• Standalone Document, or entire chapter dedicated to CS 

• Published by a public authority (i.e. county, municipality, region) 

• County, municipality or region within Ontario 

• Published between 2009-2019 

 

The first criterion was the creation of a standalone document that set a precedent or model for 

how the adoption of CS was intended to be executed within the specified geographical area. 

Many public policies within Ontario mention an interest to adopt Complete Streets where suitable, 

but few released standalone documents or larger chapters. From my search, only seven 

documents were found, and are listed, from oldest to newest. 

Table 4-1: Complete Streets Documents 

Municipality, Township or 

Region 

Year 

Published 

City of Vaughan 2013 

City of Guelph 2014 

Grey & Bruce Counties 2015 

City of Toronto 2016 

City of St. Thomas 2016 

Niagara Region 2017 

City of London 2018 

 

City of Vaughan - Centre Street Streetscape Plan (2013): 

This document is a standalone document, highlighting the vision intended for the 

redevelopment of Centre Street in Vaughan, Ontario. This major arterial road runs east-west, and 

currently serves as a major transportation corridor for the city. The intention of the document was 

to re-envision the corridor to accommodate a Bus Rapid transit system within the right-of-way, but 

also to change the character and improve the public realm, promoting the comfort and safety of 

pedestrians. A partnership with York Region Transit was formed in the creation of this document 

(The Planning Partnership, 2013). 
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City of Guelph – Downtown Streetscape Manual (2014) 

Similar to that of Vaughan, this document was developed to re-cast the vision for future design 

and development projects within Downtown Guelph. The content within the document aligns with 

the Downtown Secondary Plan (2012) and targets and redefines the vision and terms for new 

public and private development and investment downtown (Guelph, 2014). 

 

Grey & Bruce Counties – Grey-Bruce Complete Streets Policy & Implementation Guide (2015) 

Different from the other guidelines, in the sense that this region is located in a rural context, 

this document identifies a desire to increase active transportation and encourage the 

development of streetscapes that increase economic growth and pedestrian-friendliness. The 

ideas and inspirations within the document are drawn from urban areas within Ontario. The main 

goals behind the endorsement of Complete Streets are to increase physical activity, decrease the 

rates of motor usage, promote cycling for transportation and tourism and accommodate the aging 

population (TCAT, 2015). 

 

City of Toronto – Toronto Complete Streets Guidelines (2016) 

This document aligns with the City’s Official Plan, to adopt CS principles in all new and 

existing street design projects. The City acknowledges the fact that all streets are different and 

have therefore provided guidance on streetscape characteristics based on their size and 

character. The hopes for this guide are to create a clear direction for future streetscape projects, 

encouraging collaboration amongst various stakeholders. The City will support all disciplines 

involved with the design and creation of streets within the city and ensure consistency (Toronto, 

2016).   
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St. Thomas – Complete Streets (2016) 

Aligning with the Strategic Goals of the Council, the force behind adopting CS policies within 

St. Thomas is to create a healthy, safe, and vibrant community. The CS within the City are 

intended to meet the needs of all ages, abilities, and modes of transit, while promoting safe and 

active alternative forms of transportation. Another goal is to enhance the pedestrian connectivity 

within the city, while increasing the attractiveness to a variety of age groups and livability 

standards (St. Thomas, 2016).  

 

Niagara Region – Complete Street Design Guidelines (2017) 

The region has outlined six CS typologies, categorizing the regional roads within the area. 

These six typologies are defined and detailed within the guide, to represent the typologies that 

exist throughout the region and to cast vision on how the region would like future streetscape 

development to occur. The document sets clear guidelines for how complete street strategies can 

be applied to each of the regional typologies (IBI Group, 2017).  

 

City of London – Complete Streets Design Manual (2018) 

This manual seeks to guide the design of streets within the City of London, promoting more 

efficient mobility and greater placemaking.  The manual has been created for the understanding 

of a variety of users, from city decision-makers, to members of the public. This document is 

organized in a manner that provides direction and tools on the distinct sections of a roadway, 

providing suggestions on strategies that can be used to increase the vibrancy, health, and vitality 

of the streetscape. The document is intended to guide the decision-making process for street 

design within the City of London (London, 2018). 

The summary of my guideline review can be found in Table 4-2, listing green streetscape 

elements and their intended zones as identified within the documents. Supplementary notes 

elaborating on these elements can be found in Appendix A. 
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Table 4-2: Complete Streets Documents Summary 

Complete Streets Guideline Element Zone 

City of London - Complete 
Streets Design Manual (2018) 

Shade, Shelter, Seating, Buffer, 
Pedestrian Scale Lighting 

Adjacent to Pedestrian Clearway 

Pedestrian Clearway Pedestrian clearway 

Buffer for Snow Loading Adjacent to Pedestrian Clearway 

Tactile Walking Surface Indicators, 
Ladder Pavement Crossing Markings 

Roadway Crossings 

Shade/Awnings Adjacent to Building 

Cycle Tracks, Bike Lanes, Multi-Use 
Pathways, Neighbourhood 
greenways, Left Turn Design 
Treatments 

Roadway 

Centre Median Platform Transit Stop, 
Boulevard Island Stops, Bus Bay 
Stops, Integrated Cycle Track 
Platform Stops, Shared Space Stops,  

Roadway 

Street trees On Both Sides of Street, Where 
Space Permits 

Travel Lane, Parking Lane, Dedicated 
Transit Lane 

Roadway 

Passive & Physical Traffic Calming 
Measures 

Roadway 

Planted Curb Extensions, LID 
Features 

Boulevard 

City of Toronto - Toronto 
Complete Streets Guidelines 

(2016) 

Open Planters, Bioretention facilities, 
Planting Strip, Robust Canopy of 
Trees, Tree Wells/Trenches, 
Biorentention Swale 

Planting & Furnishing Zone 

Bike lane, Bike boulevard, Parking 
lane 

Roadway 

Permeable Pavement, Brick Pavers Curbside or Edge Zone 

Traffic Calming Strategies, Low Motor 
Vehicle Speed, Pinchpoints, Speed 
Humps, Raised Crosswalks or Speed 
Tables 

Roadway 

Curbless Shared Streets 

Wide Sidewalks Clearway 

Pedestrian Crossing Roadway 

Curb Extensions Roadway 

Street Furniture, Transit Shelters, 
Bicycle Parking 

Planting & Furnishing Zone; Shared 
Streets 

Buried Utilities Planting & Furnishing Zone 

City of Guelph - 
Downtown Streetscape 

Manual (2014) 

Curbless, Permeable paving Shared Streets 

Street Parking, Permeable Parking 
Lane, On-Street Bike Lanes, Cycle 
Tracks 

Roadway 

Pedestrian Refuge Boulevard 

Canopy Trees, Planters Planting & Furnishing Zone 

Clearway Pedestrian Clearway 

Signage, Private seating areas Marketing Zone 

Street Furniture/Benches, Transit 
Facilities, Bike Rings, Lighting 

Site Furnishing Zone 
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Decorative Planters Site Furnishing Zone 

Snow Storage Edge Zone 

LID practices Planting & Furnishing Zone 

Bump-Outs Roadway 

City of Vaughan - Centre 
Street Streetscape Plan 

(2013) 

Concrete benches built-into planters Avenues 

Paved sidewalks Avenues 

Street trees Avenues/Boulevards 

Rain Garden Planters, Biofiltration 
Swale, Buffer Planting (Trees/Shrubs) 
- Mix of Deciduous & Coniferous 

Boulevards/Greenways 

Permeable Concrete Sidewalk Greenways 

Decorative & Pedestrian Lighting All 

Bike Lane Roadway 

Flush/Rolling Curbs Boulevards/Flex Streets 

Niagara Region - 
Complete Street Design 

Guidelines (2017) 

Street Trees Planting & Furnishing Zone 

Sidewalks Pedestrian Through Zone 

Snow Clearing Buffer Edge Zone 

Cycle Track Cycle Track 

LID Strategies: Bioretention Planters, 
Bioswales, Permeable Paving, Pre-
Cast Tree Planters, Vegetation 

Planting & Furnishing Zone, 
Boulevard, Roadway 

Bump-outs Curb Extensions 

Transit shelters Planting & Furnishing Zone 

St. Thomas - Complete 
Streets (2016) 

Sidewalks  N/A 

Bicycle Lanes  N/A 

Snow Storage  N/A 

Street Trees, Aesthetic Landscaping  N/A 

Parking Bays, Bump-Outs  N/A 

Utility  N/A 

Pathways  N/A 

Lane Width  N/A 

Grey & Bruce Counties - 
Grey Bruce Complete Streets 

Policy & Implementation 
Guide (2015) 

Moveable Bollards  N/A 

Carpool Lots  N/A 

Bike Lanes or Sharrows  N/A 

Wayfinding & Signage  N/A 

Streetlights  N/A 

Planters  N/A 

Sidewalks  N/A 
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Looking at the list generated from each of the individual guidelines, the most common themes 

across all documents were in relation to road diets, transit improvements, cycling lanes, and 

stormwater infrastructure and vegetation.  

4.2.1.1 Road Diets:  

Road diets decrease individual travel lane widths, or number of lanes on a roadway, 

reallocating more space to other travel modes of facilities. In some scenarios, this narrowing of 

the overall roadway width can be a traffic-calming strategy, lowering travel speeds (London, 

2018). Within these documents, the desire for road diets was revealed through the elements such 

as bump-outs, on-street parking, transit lanes, and biking facilities. 

4.2.1.2 Transit Improvements / Cycling Facilities 

Creating transit infrastructure and cycling facilities demonstrates the shift in priority away from 

the personal vehicle towards a wider variety of modal options, such as public transit and cycling. 

Every guideline recommends the implementation of cycling facilities, and transit facilities are 

mentioned in geographically appropriate areas, that can support the services. 

4.2.1.3 Stormwater Infrastructure / Vegetation Strategies   

To counteract the increasing imperviousness of urban areas, Low-Impact Development 

strategies, include investing in stormwater infrastructure and vegetation to allow for the infiltration 

of rainwater, the minimization of overland waterflow, and the improvement of water quality prior to 

reaching a stormwater management facility (London, 2018). Many of these guidelines included 

recommendations for bio-detention planters, bioswales, pervious surfaces, and raingardens. 

Many of them also mentioned the importance of street trees to increase pedestrian comfort 

through shading, enhance the air quality and provide habitat for wildlife.   

4.2.2 Development of Dynamic Visualizations 

Using the information and conclusions drawn from my conversation with KC and the most 

common streetscape elements drawn from the document review, I proceeded to develop dynamic 

visualizations. However, after having re-reviewed the documents, the documents set out by the 
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various governmental agencies mentioned Shared Streets at the end as an alternative option (if 

even considered at all). Shared Streets are only possible in specific situations, suitable to areas 

with high pedestrian traffic, low vehicular traffic or both. In these areas, there is typically sufficient 

economic activity generating the pedestrian volumes (NACTO, 2015). With this information, I 

created four simulated landscape settings: a high-density urban environment, a medium density 

urban environment, a low-density residential environment and a shared street environment, 

inspired by the way in which some of the guidelines structured their documents. While modeling 

these four settings, due to the volume of streetscape elements, I realized the need to create 

another simulation, varying primarily the configuration of streetscape elements within the 

medium-density urban environment. 

Within these simulated settings, I used a variety of the CS elements, trying to abide by their 

intended use and location within the various documents. Commonality amongst CS documents 

influenced selection, such as those listed in Sections 4.2.1.1, 4.2.1.2 and 4.2.1.3. This selection 

was also based partially on the literature review and the key informant interview about the way in 

which AVs scanned and read their environments. AVs use a variety of sensors to detect biotic 

and abiotic elements in their environment. The results of this research will reveal the crutches and 

aids for AV sensors and systems, but also the range of horizontal and vertical impacts 

streetscape elements can have on AV navigation. Therefore, by demonstrating physical variation 

in the streetscape elements, a diversity of potential reaction and responses to a broader variety of 

elements will be available in the results for analysis.  

The simulations are set in an environment that experiences similar weather patterns and sun 

paths to that of Southern Ontario and the Great Lakes region. Each simulated setting depicts two 

city blocks, separated by an intersection, along a north-south axis. The scene portrays an active 

environment, during an early September afternoon. The following list highlights the elements 

included within the simulation. The only consistent element in each simulated setting is canopy 

coverage. 
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• Canopy Coverage 

• Transit Lane / Transit Shelter 

• Rain gardens / Raised Planters 

• Street furniture / Sidewalk Patio(s) / Street Lights/Trash Can / Utility Box 

• Curbs / Bump Out / Lane Markings / Speed Table 

• Traffic Signals / All-way Stop Intersection 

• Pedestrian Crosswalks / Pedestrian Movement / Uncontrolled Pedestrian Movement 

• Protected Bike Lane / Bike Lane Colour / Unprotected Bike Lane 

• Residential Driveways 

• Textured Driving Surface / Permeable Parking Lane / Parking Lane 

• Adjacent Building Height / Urban Albedo / Perceived Vehicle Speed 

 

4.2.2.1 3D Rendering tool 

SketchUp Make is a free three-dimension modelling software that I used for the purposes of 

this project. The program can create models to scale, allowing the user to toggle around the built 

environment, set a series of two-dimensional views, and create short video clips that carry the 

viewer through the model between scenes. This allowed flexible ways of viewing the landscape 

configurations by respondents. 
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4.2.2.2 Simulated Streetscapes 

 

 

Figure 4-1: High-Medium Density Urban Environment with transit services, canopy trees and a  

signalized intersection 

Figure 4-1 depicts a high-to medium-density urban environment. Within this scene, the 

adjacent buildings are mixed-use, with six storeys, and street level economic activity (i.e. retail 

stores, cafes, and restaurants). Dedicated lanes for public transportation have been allocated, 

with transit shelters on the far-side of the intersection, as suggested by the City of Guelph. Street 

benches face towards the buildings, café and restaurant patio areas are away from the 

pedestrian clearway. Canopy trees line the roadway, spaced approximately eight metres apart, 

and rain gardens are located between the pedestrian clearway and transit lanes. A buffer exists 

between the driving lanes and the pedestrian clearway for winter snow storage. The intersection 

is signalized with painted pedestrian crosswalks. 
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Figure 4-2: Medium-Density Urban Environment with protected bike lanes 

Figure 4-2 depicts a medium-density urban environment. Adjacent buildings are mixed-use, 

three storey buildings, with retail at-grade. Less shadow is cast over the right-of-way as the 

buildings are slightly farther apart and shorter. Similar to Scene 1, the street benches are facing 

towards the building, with canopy overhang and street furniture clear of the pedestrian clearway. 

In this scene, a protected bicycle lane is portrayed, between a parking lane and the pedestrian 

clearway. The bicycle lane is separated from the parking lane through low precast concrete 

planters, having the option to be removed or relocated based on the city’s desire. Canopy trees 

line the roadway, spaced approximately eight metres apart. The intersection is signalized with 

painted pedestrian crosswalks. 
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Figure 4-3: Medium-Density Urban Setting with unprotected bike lanes 

Figure 4-3 demonstrates many similarities to Figure 4-2, in terms of the streetscape elements 

that are included within the simulated setting, but the configuration and nature of how the street 

functions is different. Like the previous scene (Figure 4-2), a medium-low density urban 

environment is portrayed, depicting retail at-grade. The bicycle lane is located in-between the 

parking lane and drive lanes. This scene also demonstrates a vegetated bump-out at the 

intersection, used as a traffic calming strategy. Street furniture and pedestrian lighting are located 

between the pedestrian clearway and a patio/café area next to the building. Canopy trees line the 

roadway, spaced approximately eight metres apart. The intersection is signalized with painted 

pedestrian crosswalks. 
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Figure 4-4: Low-Density Residential Environment with Traffic Calming measures 

Figure 4-4 depicts a typical residential neighbourhood, with added CS elements. A parking 

lane is located to one side of the right-of-way, with canopy trees lining the street, planted 

approximately every eight metres. Typical objects found within residential streetscapes have 

been included, such as a utility box, and a fire hydrant. The pedestrian clearway is located 

opposite to the residential buildings. As opposed to having buildings line both sides of the road 

right-of-way, the residential buildings face an open space. The intersection demonstrates a raised 

all-way stop intersection, a traffic calming strategy in lower-volume areas. 
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Figure 4-5: Shared Street Urban Configuration 

Figure 4-5’s streetscape configuration was, as expected, the most unconventional portrayal of 

an urban setting containing CS strategies. Within this scene, there are no distinct grade 

separations, and the division of transportation modes is subtle, providing greater opportunities for 

the pedestrian to cross the roadway. Street trees are placed approximately eight metres apart. 

Parking lanes are adjacent to the planting and furnishing zone and are lined with permeable 

pavers. An all-way stop intersection controls the flow of traffic, with painted pedestrian crosswalks 

to designate an area for pedestrians to cross, but once again, this direction is subtle within the 

landscape. The pavement texture and colour is intended to give notice to drivers that this is a 

different type of environment and to exert caution when traversing. 

 

4.3 Development of Questionnaire 

Using the illustrations, a series of questions were crafted around these simulations. Overall, 

the questions were intended to draw awareness to the various streetscape elements that may be 

unique compared to conventional streetscape elements, and have the respondents comment on 

whether those elements pose an issue for vehicle navigation.  
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Overall, the questionnaire was divided thematically to address three concepts: 

1. Identification of elements with various impacts on autonomous vehicle navigation 

2. Identification of elements that have increased visibility challenges due to changes 

in seasonality 

3. Rating of five streetscape visualizations for ease of navigation  

 

Seventeen closed-ended and open-ended questions relating to the visualizations were crafted 

for the questionnaire. Three questions for each of the five simulated streetscapes asked the 

respondents to comment on the elements within the scene. The first question of three was a 

closed-ended question, asking respondents to rate the streetscape elements identified based on 

their impact to the navigational abilities of an AV. The second question was open-ended, asking 

the respondents to elaborate on why they made their specific choices. The third question of this 

section, also open-ended, asked the respondents to comment on the impact of seasonality on the 

navigational abilities of the AV.  

After this first series of questions, the following question asked the respondents to rate the 

settings from easiest, neutral or most difficult for overall AV navigation in general. The final 

question revolving around the simulated settings asked the respondents to comment on why or 

how they made their decision.  

 

1. Identification of elements with various impacts on autonomous vehicle navigation 

The target of these questions was to have the experts plainly rate the legibility of various items 

listed that were within the simulated settings relating to streetscapes and green streetscapes. 

Respondents were given an opportunity to add any other streetscape elements that they 

identified, and that had not been listed. An opportunity was also provided in the questionnaire to 

have them elaborate on the reasoning behind their rating scheme. This allowed for a better 

understanding of how select elements affect the navigational abilities of AVs.  
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2. Identification of elements that will have increased visibility challenges due to changes in 

seasonality 

These questions were developed with the purpose of asking respondents to comment on how 

AV navigation capabilities would be affected by the changing seasons, resulting in events such as 

falling leaves, snow, and rain. This would allow for a better understanding on how the AVs are 

able to handle changes in relation to weather, and what specific landscape elements cause the 

most challenges if weather were to impact the visibility, legibility or structure of those elements.  

 

3. Rating of five streetscape visualizations for ease of navigation 

As the final question pertaining to the five dynamic visualizations, the aim of this question was 

to gain a better understanding of how the AVs fared overall with the simulated settings. This 

allowed for a better understanding of the overall challenges of the AV pertaining to density, 

circulation, and streetscape configuration.   

The last question of the entire questionnaire was unrelated to the settings but was 

purposefully placed to gain more information on the respondents. This question was in relation to 

demographics, gathering information on how the respondents are currently involved with the 

development of AV research, and how long they have been researching AV systems.  

 

4.4 Questionnaire Verification 

After the questionnaire was completed, the search for contacts began. As can been seen from 

Figure 3-2, one of the initial contacts was the Autonomous Vehicle Innovation Network. AVIN 

identified a contact in Hamilton, at the Innovation Factory, Mr. Sam Saad, who supports Ontario-

based companies in developing state-of-the-art technologies relating to connected and 

autonomous vehicles. After reviewing the questionnaire, he made a few comments by listing 

some assumptions for perspective respondents, that allowed the questionnaire to be better 

understood by AV experts, while providing a framework from which to respond. See Appendix B 

for a sample of the full questionnaire. 
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4.5 Responses from Questionnaire 

The questionnaires were distributed between the dates of March 11th and March 22nd, 2019. 

As AV experts were the respondents of the questionnaire, a formal exchange had to be made 

with each individual recipient. This conversation included a brief explanation of the project, and 

any follow-up responses to their queries. Once they agreed to be a respondent, a link was sent 

out, giving them access to the online questionnaire. The exchanges differed in length, therefore 

varying the dates in which the questionnaires were distributed. All responses were received by 

April 1st, at 11:59 p.m. when the questionnaire was taken offline for data analysis. In total, three 

respondents out of the six contacts completed the questionnaire. The responses from the 

questionnaire were sufficient in generating initial conclusions to my research question.  

4.5.1 Respondent Interpretation 

Responses from the closed-ended questions differed based on the background and expertise 

of the respondents. The responses received from Dr. Adrian Chan (AC) and Dr. Matthew 

Johnson-Roberson (MJR), both of whom are AV researchers, differed from those received from 

Mr. Sam Saad (SS), an application expert. The difference was in the mindset of the respondents. 

Both AV researchers responded to the closed-ended questions based on their understanding on 

the level of difficulty the technology experiences when interacting with various streetscape 

elements. The application expert however, responded with the overarching assumption that AVs, 

at a level 5 automation, should be able to “see” everything, and not by commenting on how 

difficult certain elements were for AV navigation. The difference therefore is that two people 

responded by identifying the impact on navigation of various streetscape elements, whereas one 

person identified the existence or absence for detection, based on the assumption that level 5 

automated vehicles should be able to detect everything. Due to these differences in how the 

respondents answered these closed-ended questions, only those responses from the AV 

researchers will be presented and analyzed. Throughout this chapter and the next, I will be 

referring to the respondents by their initials, AC, MJR & SS. 
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4.5.2 Overview of Responses: Analysis on Positive & Negative Impacts 

 Overall, of the twenty-four different elements that were listed within the five simulated 

settings, the respondents had the same responses to nine of them, around a third of the 

responses. Once again, the question that my thesis is trying to respond to is: “How do common 

strategies that are used to make streetscapes more “green” impact the navigational abilities of an 

Autonomous Vehicle”. To respond to this question, I narrowed down the results to look only at the 

Positive and Negative responses, because they reveal some degree of impact. This reduces the 

pool to twenty-four streetscape elements. Table 4-4 lists all the elements identified as having 

either a positive or negative impact on AV navigation. The respondents were identified by the 

initial of their first name and numerically by simulated setting for easier analysis, as shown in 

Table 4-3.  

Table 4-3: Coding of Responses based on Respondent 

 AC MJR 

Setting 1 A1 M1 

Setting 2 A2 M2 

Setting 3 A3 M3 

Setting 4 A4 M4 

Setting 5 A5 M5 
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Table 4-4: Impacts of Streetscape Elements on AV Navigation 

  Positive Negative Consistent 

Responses? 

Canopy Coverage 
 

A1,A2,A3,A4,A5,M1,M2,M3,M4, 

M5 

Yes 

Rain gardens A1 M3  

Adjacent Building 

Height 

A1,A2,A3,A5    

Street furniture A1,M1,M2    

Curbs A1,A4,M1,M4   Yes 

Lane Markings A1,A2,A4,M1,M2,M4   Yes 

Traffic Signals A1,A2,M1,M2   Yes 

Sidewalk Patio(s) M1,M2    

Pedestrian 

Crosswalks 

A1,A2,A3,A5,M1,M2,M3 M5  

Pedestrian 

Movement 

A1,A2,A3,A4    

Perceived Vehicle 

Speed 

A1,A2,A3,A4,A5    

Raised Planters 
 

M2  

Protected Bike 

Lane 

A2,M2   Yes 

Bike Lane Colour A2,A3    

Parking Lane A2,A3,A4 M3,M4  

Unprotected Bike 

Lane 

A3 M3 No 

Bump Out A3,M3   Yes 

Street Lights/Trash 

Can 

A3,M3   Yes 

Residential 

Driveways 

 
A4,M4 Yes 

Speed Table A4 M4 No 

All-way Stop 

Intersection 

A4,A5 M4,M5 No 

Textured Driving 

Surface 

A5,M5   Yes 

Uncontrolled 

Pedestrian 

Movement 

A5 M5 No 

Permeable Parking 

Lane 

A5    

TOTAL COUNT 60 22  



 

 

54 

 

Nine of the twenty-four elements had matching responses between respondents. Table 4-5 

lists these streetscape elements that had an agreed positive or negative impact to navigation. 

Table 4-5: Agreed Upon Positive & Negative Impacts 

Agreed Positive Collective Count 

(#) 

Agreed Negative Collective Count 

(#) 

Curbs 4 Tree Canopy Coverage 10 

Lane Markings 6 Residential Driveways 2 

Traffic Signals 4   

Protected Bike Lanes 2   

Bump-Out 2   

Street Lights/Trash Can 2   

Textured Driving Surface 2   

 

Of the elements listed in Table 4-5, the Canopy Coverage, Lane Markings, Curbs and Traffic 

Signals were the most common and agreed upon elements within the five settings. It can be 

noted that more streetscape elements were agreed upon as positive, than negative. 

In contrast, four elements had opposing reactions from the respondents, within settings 3, 4 & 

5, where there was disagreement on the streetscape element’s impact on navigation. In each of 

these conflicting responses, AC identified these elements as having a positive impact, whereas 

MJR regarded them as having a negative impact. These four elements were unprotected bike 

lanes, speed tables, all-way stop intersections, and uncontrolled pedestrian movement.  

4.5.2.1 Analysis of Elements with Differing Positive or Negative Impacts between Simulated 

Settings 

I will now identify the elements with differing impacts due to the change in scenery. Only two 

streetscape elements revealed differing results to navigation depending on the streetscape 

setting: street furniture and pedestrian crosswalks. 

Street Furniture 

 Respondents agreed that Street Furniture had a positive effect on navigation in Setting 1. 

They also agreed that it had no impact to navigation in Setting 5. However, in Setting 2, AC was 

unsure whether it had a positive or negative impact, whereas MJR reported it as having a positive 

impact to navigation. 
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Settings 1 & 2 have street benches with a back rest, whereas those within Setting 5 have no 

back rest, potentially resulting in less vertical structure for the AV to detect. Settings 1 & 2 are 

also busier streetscape settings than that of Setting 5, therefore providing more stable 

infrastructure for detection in busier environments may be more beneficial for AV navigation. 

Pedestrian Crosswalks 

Almost all responses from all respondents agreed that Pedestrian Crosswalks have a positive 

impact for navigation, except from MJR in Setting 5, the Shared Street setting, who classified it as 

having a negative impact for navigation. MJR found crosswalks to be a positive impact in three 

other settings. This may be due to the unconventional nature of this setting, the pedestrian 

priority, the lack of curbs, or the textured pavement. 

4.5.2.2 Analysis of Overall Positive or Negative Impacts  

Table 4-5 indicates the elements that have uniquely agreed upon positive or negative results. I 

will now broaden the scope to identify elements with uniquely positive or negative results, but 

where either one or both respondents represented their views. Fourteen of the twenty-four 

elements revealed having only positive impacts to AV navigation, indicating once again a greater 

number of elements within greener streetscape design to have a positive influence on navigation. 

Three elements of the twenty-four demonstrated having only negative impacts to navigation. 

These elements were canopy coverage, raised planters and residential driveways, two of which 

are demonstrated in Table 4-5. Each of these elements relate either to vegetation or 

anthropogenic activity.   

4.5.3 Remaining Results 

Of these results, looking solely at the positive and negative impacts on navigation, thirteen 

out of twenty-four elements were reported as having either similar or contrasting reactions to 

impacts on AV navigation. When including the “No Impact” and “Unknown” responses into the 

analysis, the rest of the responses had some combinations of “no-impact” or “unknown” impact 

paired with a positive or negative effect.  
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4.5.4 Analysis of Green Streetscape Elements Based on Simulated Settings 

 This section will focus on examining the scenes one-by-one, considering their individual 

positive and negative counts. Table 4-6 demonstrates the counts of positive and negative 

impacts, based on setting and respondent.  

Table 4-6: Impacts of Elements based on Simulated Settings 

  Respondent Positive 

Impact 

% Overall 

Proportion (%) 

Negative 

Impact 

% Overall 

Proportion (%) 

S1 MJR 6 of 14 43% 
54% 

1 of 14 7% 
7% 

AC 9 of 14 64% 1 of 14 7% 

S2 MJR 6 of 14 43% 
54% 

2 of 14 14% 
11% 

AC 9 of 14 64% 1 of 14 7% 

S3 MJR 3 of 13 23% 
54% 

4 of 13 31% 
19% 

AC 11 of 13 85% 1 of 13 8% 

S4 MJR 2 of 10 20% 
40% 

5 of 10 50% 
35% 

AC 6 of 10 60% 2 of 10 20% 

S5 MJR 1 of 11 9% 

36% 

4 of 11 36% 

23% AC 7 of 11 64% 1 of 11 9% 

 

The green and red figures highlight the highest percentage of positive and negative results per 

respondent, respectively. The highest positive results are associated with settings one to three, 

and the highest proportion of negative results are associated with setting four. This downwards 

trend of positive impacts and general upwards trend of negative impacts may reveal one of two 

things: it may be revealing an order-of-presentation bias or exhaustion effect, as the respondents 

commented on S1-S5 in that same order, or it could be revealing an increasing level of difficulty 

from S1-S5.  

Overall, the respondents answered differently to each simulated setting, therefore the average 

of their responses will be represented in the following setting comparison. This comparison will 

also state the results of the closed-ended question asking respondents to rate the overall setting 

for ease of navigation.
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Simulated Setting 1: High-Medium Density  

 

Simulated Setting 2: Medium-Density 

 

Simulated Setting 3: Medium-Density (2) 

 

Simulated Setting 4: Residential 

 

Simulated Setting 5: Shared Street 

 

 

Positive Impacts: 7.5/14 (54%) 

Negative Impacts:1/14 (7%) 

Setting Rating for Overall Navigation: 

AC: Most Difficult; MJR: Neutral 

 

Positive Impacts: 7.5/14 (54%) 

Negative Impacts:1.5/14 (11%) 

Setting Rating for Overall Navigation: 

AC: Easiest; MJR: Most Difficult 

 

Positive Impacts: 7/13 (54%) 

Negative Impacts:2.5/13 (19%) 

Setting Rating for Overall Navigation: 

AC: Easiest; MJR: Most Difficult 

 

 

Positive Impacts: 4/10 (40%) 

Negative Impacts:3.5/10 (35%) 

Setting Rating for Overall Navigation: 

AC: Neutral; MJR: Easiest 

 

Positive Impacts: 4/11 (36%) 

Negative Impacts:2.5/11 (23%) 

Setting Rating for Overall Navigation: 

AC: Easiest; MJR: Neutral 
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In each simulated setting, a greater overall proportion of responses were deemed as positive 

impacts. Table 4-6 accompanies the setting comparison in demonstrating the overall downward 

trend in elements having positive impacts on navigation, and the opposing upward trend in 

elements having negative impacts on navigation. Setting 5 is an anomaly in the latter trend (as it 

was less than S4), yet the proportion is still generally high comparatively. These results will be 

further analyzed in Section 5.1.2  

4.5.5 Impacts on Navigation due to Changes in Seasonality 

The only open-ended questions within the questionnaire addressed concepts of seasonal 

impacts on navigation. Respondents were given an opportunity to provide short comments beside 

the elements within the simulated setting that would impact navigation were it to be affected by 

changes in seasonality. Table 4-7 summarizes the comments provided by all three respondents.  

Table 4-7: Impacts of Seasonal Changes 

Element Name Seasonal Impact 

Canopy Coverage Minor impacts, shading, leaf senescence, fluctuations in lighting 

Bump-Out Snow cover could limit visibility 

Colour of Bike Lane Snow cover could limit visibility 

Curbs Snow cover could limit visibility 

Lane Markings Snow cover could limit visibility 

Parking Lane Snow cover could limit visibility 

Pedestrian Crosswalks Snow cover could limit visibility 

Permeable Parking Lane Potential for greater visibility in snow events 

Protected Bike Lanes Potential for greater visibility in snow events 

Rain Gardens Minor impacts, fluctuating vegetation 

Raised Planters Fluctuating vegetation 

Residential Driveways Snow/Ice build up 

Speed Table Snow cover could limit visibility 

Textured Driving Surface Potential for greater visibility in snow events 

Transit Lane Snow cover could limit visibility 

Unprotected Bike Lane Snow cover could limit visibility 

 

A total of sixteen elements were identified. AC provided the most comments, followed by SS 

then MJR. These results will be further explored in Section 5.1.3, discussing the findings from 

these comments regarding impacts of seasonality. 
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5 |  Conclusion  

5.1  Analysis 

5.1.1 Respondent Demographics 

The final question of the entire questionnaire gathered information about respondent 

demographics, asking experts to comment on how long and they have been involved in AV 

research. MJR is the veteran expert amongst the pool of three respondents. He has fifteen years 

of experience working with Autonomous Vehicles and works directly with AVs as co-director of an 

AV research lab at the University of Michigan. AC is part of the Connected and Autonomous 

Vehicles research team at Carleton University, performing research with the Sensor Network 

Technologies group, but he mentioned that he is not very engaged with direct AV research. His 

research can be applied to more than just AVs, therefore potentially explaining his level of 

involvement with AV research. Finally, as mentioned in section 3.2.4, SS supports and works with 

businesses that are creating cutting-edge technologies for Connected and Automated Vehicles 

including the development of an AV route in Hamilton, Ontario. From this pool of respondents, the 

responses received from MJR are considered substantial in my analysis and conclusion. 
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5.1.2 Analysis of Streetscape Element Identification with Setting Rating Trends 

 

Figure 5-1: Response Trends for AC 

 

Figure 5-2: Response Trends for MJR 

Figure 5-1 and 5-2 demonstrate respondent ratings of how streetscape elements identified as 

having a positive or negative impact on AV navigation compare to how the respondents rated the 

overall ease of AV navigation within the scene. The right y-axis represents the level of difficulty 

navigating the scene, one being the easiest, two being neutral and three being the most difficult. 

The left y-axis represents the percentage of positive/negative results. 
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 AC and MJR’s results differed in their estimations of which settings would be easier for AV 

navigation. Generally, AC revealed consistent results throughout the settings, with more elements 

overall being a positive impact for navigation than negative and approximately at the same ratio, 

between three to seven times more positive. MJR’s results reveal however, that as the 

environments move from denser to less dense, the percentage of elements that negatively impact 

AV navigation increase, while those elements that have a positive impact on navigation decrease. 

What is interesting about these results however, are that as the percentage of elements that 

cause greater difficulty for AV navigation increase, the overall level of difficulty for AV navigation 

decreases. This demonstrates that although the difficulty level is typically associated with the 

number of difficult elements identified within a setting, in this study, it is not the case. This may 

reveal a current focus within the industry on higher density conventional streetscapes, and the 

problems researchers are currently addressing within these roadway configurations. 

 AC identified the high-medium density configuration as being the most difficult (setting one), 

due to the dynamic nature of this setting, with many moving components and varying from one 

urban context to another. MJR identified the two medium density settings (settings two and three) 

to be most difficult for navigation, more difficult than the higher density environment. A difference 

between these two environments is that the medium density settings have protected/unprotected 

bike lanes, whereas the high-medium density setting has a dedicated transit lane. The higher 

density setting may be easier for navigation due to the increased opportunities for vehicle-to-

vehicle communication, a tool that AVs, also known as Connected and AVs, have embedded 

within their system for better navigation (Taiebat, 2018). Communication and navigation with 

public transit vehicles is easier than interpreting the movement of cyclists, therefore potentially 

explaining the rating of the medium density environments as Most Difficult. 

 Contrary to initial discussion with KC, Shared Streets were identified as being “neutral” by 

MJR, and “easiest” by AC. No elaboration on their decisions relating to these streetscape 

configurations were provided, but further exploration will be provided in Section 5.2.4.  
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5.1.3 Analysis of the Impact due to Seasonal Changes 

For the most part, ubiquitous amongst all respondents, snow was identified as being of 

greatest concern for AV navigation, mentioned twenty-eight times within the open-ended 

question. The potential for elements essential for navigation to be obscured during snowfall 

events is high. 

 Canopy coverage was identified as having an impact on navigation due to seasonal variation. 

AC identified the change of natural lighting during the fall due to loss of foliage. MJR identified the 

canopy as a potential hinderance due to seasonality, however, in the residential setting, as 

opposed to identifying canopy coverage as having a minor impact, he noted an affirmative “Yes”. 

This could be due to the higher percentage of overall shading the canopy trees present on this 

narrower right-of-way, potentially impacting GPS signals when the canopy is full. SS’s comments 

were consistent with the other respondents, commenting how snowfall could cover lane markings, 

parking lanes and colour of lanes. He did however note that the protected bike lane provides 

greater advantages for visibility during snowfall events, because there is a vertical component, 

were the horizontal elements to be covered by snow. He was also positive about textured driving 

surfaces and permeable driving lanes, as they would likely be more visible in snowy conditions. 

Aside from canopy coverage, overall, the remarks primarily addressed issues relating to snowfall 

within the winter season. Concerns about the fall season were addressed primarily through 

comments on canopy coverage and rain gardens. From my understanding, review of the 

literature, and discussion with KC, the issue of seasonality is a continued area of development for 

AV researchers.  

 

5.2 Discussion 

As Complete Streets continue to find their place in new and refurbished streets within the 

Greater Golden Horseshoe and Ontario, an enhanced awareness needs to be made for the 

implementation of green streetscape elements that Autonomous Vehicles will one day be 

interacting with.  
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5.2.1 Negative Streetscape Elements 

5.2.1.1 Canopy Tree Coverage 

CS principles encourage canopy trees, for the creation of more thermally comfortable 

environments, through shading, windbreaks, and air purification (Toronto, 2016; Niagara, 2017; 

London, 2018). Trees also add aesthetic value and character to streetscapes (St. Thomas, 2016). 

However, canopy tree coverage has been identified and agreed upon by the respondents as 

being of concern for AV navigation. The remark was made on all density settings, the medium-to-

high density setting, the medium density settings, the residential setting and the shared street 

setting. This concern for tree canopy coverage within these urban settings may help inform those 

who are tasked with implementing this beneficial streetscape element in developing strategies of 

maintenance, canopy coverage limits, distance of centerlines from road right-of-ways or spacing 

to decrease their impact on AV navigation, yet without eliminating their presence on streets. For 

example, current minimum clearway heights are defined within some CS guidelines, detailing an 

average of 2.0-2.5 m minimum height to be clear from any tree branches or canopies (Guelph, 

2014, p.52). Guidelines similar to this could be integrated into existing documents detailing 

canopy maintenance required by AVs for safe navigation on city roads. The City of Guelph also 

recommends fostering an optimal environment to create ”robust” urban forests for shading and 

enhanced character (Guelph, 2014, p.56). However, redefining the term “robust” within the City’s 

guidelines in light of the potential canopy coverage conflict with AVs may create a more suitable 

environment for both emerging ideas.  Within all settings, tree form and type were consistently 

represented, with spacing as recommended within the guidelines. These canopy trees were 

consistent in negatively impacting AV navigation, but other forms or types of tree canopy may 

change this outcome.  

5.2.1.2 Residential Driveways 

Driveways were identified as having a negative impact on AV navigation. Respondents 

however did not elaborate on their concern. The combination of their frequency, and potential 
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spontaneous nature with emerging cars are differences from other settings. Technical markers, 

signals or landscaping cues from residential driveways, identifying oncoming cars could enhance 

the visibility and safety during interactions between AVs and residential driveways. This concern 

for residential driveways provides decision makers with insight on areas where greater concern 

exists for AV navigation. Within residential streetscapes, great attention should be placed on how 

AVs navigate through these spaces, anticipating greater movement from either side of the 

vehicle.  

5.2.1.3 Impacts of Seasonality 

Both canopy coverage and residential driveways were elements identified as having negative 

impacts on AV navigation. They were however also identified as having even poorer impacts on 

navigation due to changes in seasonality, caused by variation in lighting, snow coverage and ice 

buildup. The impact of these two elements are even more heightened within Ontario and the 

Great Lakes region during a third of the year. Better strategies and language within public policy 

need to highlight this concern in regard to AV navigation.    

5.2.2 Positive Streetscape Elements 

5.2.2.1 Curbs & Bump-Outs 

Both curbs and bump-outs were identified as being beneficial for AV navigation. Curbs are not 

uniquely “green” streetscape strategies, however, with comparable characteristics to bump-outs, 

similar assumptions can be placed on this traffic calming strategy. As bump-outs were not 

identified as a concern for AV researchers, this infrastructure can potentially be more freely 

applied. Bump-outs provide great opportunities for Low Impact Development (LID) initiatives for 

stormwater management. This allocated space of the roadway provides opportunities for rain 

gardens and general low-lying landscaping (Guelph, 2014). Bump-outs also provide opportunities 

for increased pedestrian safety when crossing the roadways, reducing the overall crossing 

distance and increasing pedestrian visibility (St. Thomas, 2016). When examining curbs, 
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landscape architects can look at ways to redesign this long-standing infrastructure to better align 

with the LID goals of Complete Streets, without affecting its benefits on AV navigation.   

5.2.2.2 Lane Markings 

Lane markings are not necessarily attributed to CS but understanding their importance to the 

navigational abilities of AVs may help in the continued development of CS policies and guidelines 

in ensuring that they remain and stay clear of obstruction. Cameras and high-fidelity built-in 3D 

maps are the systems within the AV that detect lane markings. This helps the AV stay within the 

driving lanes. Snow coverage was mentioned by all respondents as being an issue for the 

visibility of any pavement markings, but as remarked by SS, if any aspect of verticality were to be 

added to this piece of infrastructure, it may enhance its visibility in adverse weather conditions.   

5.2.2.3 Traffic Signals 

As mentioned in 5.1.1.2, AVs are also known as Connected and Autonomous Vehicles 

(Taiebat, 2018). The technology found within these vehicles enable them to communicate with 

infrastructure such as traffic signals, as well as other autonomous vehicles. Respondents 

confirmed that traffic signals are beneficial to the navigational abilities of AVs, affirming the 

information from the literature review and informing the decision makers to ensure that traffic 

signals are visible and clear of any obstruction. This AV capacity might help address visibility 

challenges associated with snow and might be an advantage over non-networked signs or 

signals. 

5.2.2.4 Protected Bike Lanes 

Providing protected bike lanes are a tool found within CS guidelines to enhance the safety of 

cyclists. Identified as Cycle Tracks by the City of London, the physical separation through raised 

planters, bollards, or concrete curbs provides enhanced vertical cues for the AV’s sensors. These 

are especially important as the movement of cyclists are more difficult to predict and program, as 

they are not connected to AVs. Going forward in the incoming time of AVs, if possible, 

municipalities should try and implement physical barriers on existing or planned bike lanes to 
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allow for the creation of cycle tracks. This is especially prevalent in the colder seasons when 

snow fall threatens to cover many horizontal roadway markings. 

5.2.2.5 Street Lights/Trash Cans 

 Located only within setting three, street lights and trash cans were identified as having a 

positive impact on navigation, potentially due to the increase in lighting for roadway visibility and 

supplementary physical features to guide navigation. These elements ensure that roadways 

remain well-lit, for optimal visibility, and that normal urban needs are accommodated while 

positively affecting AV navigation. 

5.2.2.6 Textured Driving Surface 

 Textured driving surfaces were identified as being positive for AV navigation by all 

respondents. As this form of paving has a positive impact on AV navigation, it should be used 

wherever traffic volumes permit, as a way to improve AV traffic flow. These surfaces might also 

support AV navigation through seasonal changes, as suggested by one respondent. This type of 

driving surface also has great benefits for infiltration and traffic calming (London, 2018). It is 

however unsuitable for areas with heavier traffic volumes. 

5.2.3 Streetscape Elements with No Impact to Navigation  

The streetscape elements with no impact to AV navigation were as follows: Transit Lane; 

Transit Shelter; Sidewalk Patio(s); Utility Box; and Permeable Parking Lanes. 

These elements are neutral towards AV navigation and all, aside from the utility box, have 

benefits that align with the CS Movement. A reason these elements were identified as neutral 

towards AV navigation may be linked to their indirect interaction with AVs. The AV may not need 

to receive signals or cues from transit lanes because they will be receiving more important 

information from lane markings or from the transit vehicles themselves. The vehicles also may not 

need information from transit shelters, sidewalk patios and utility boxes because curbs may be 

sufficient in providing their navigational systems with the required information. Along the same 

lines, permeable parking lanes may have no impact on navigation because, compared to the 
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positive reaction of respondents towards textured driving lanes, AVs will not be interacting with 

this surface while driving. The lack of impact towards navigation that these streetscape elements 

have tell us that they can be implemented more frequently when safe and reasonable to do so. 

5.2.4 Shared Street Simulated Setting 

As seen in the various CS guidelines, certain strategies are only suitable for particular 

streetscape configurations. Table 4-4 highlights how respondents identified pedestrian 

crosswalks as having different navigational impacts between different settings, positive in all 

scenarios, except the Shared Street setting. This setting is the most unconventional, and least 

vehicle friendly, as the priority belongs to the pedestrian. Within this same setting, the all-way 

stop intersection, and uncontrolled pedestrian movement were also identified as having a 

negative impact on AV navigation. Out of all the settings, this scene demonstrates the least 

amount of infrastructure available for in-vehicle communication. These streets may not be AV-

friendly, and recommendations may be to avoid these streetscapes, allocating a drop-off/pick-up 

zone nearby.  

The respondents commented that overall, this setting was “neutral” or “easiest” for AV 

navigation. However, when asking KC about the consideration of their test vehicle on the existing 

Shared Street configurations within the Region of Waterloo, he commented that testing was yet to 

be done on this streetscape setting. He remarked that he foresaw many issues in relation to the 

interaction between the AV and the less-controlled nature of the pedestrian movement within 

these streetscapes. An explanation for the easy or neutral opinions of the other respondents to 

this setting could be that there has not been the opportunity to test AVs on these streetscape 

configurations. Based on the simulated streetscape visualization provided within the 

questionnaire, navigation on this street setting did not seem relatively as challenging.      

5.2.5 Streetscape Elements of Caution 

Respondents identified unprotected bike lanes, speed tables, all-way stop intersections and 

uncontrolled pedestrian movements with conflicting responses, one party identifying them as 
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positive and the other negative. Unprotected bike lanes, uncontrolled pedestrian movement, 

speed tables and all-way stop intersections are streetscape elements that either involve the 

mobility of cyclists and pedestrians or slow traffic down. These elements may cause concerns for 

the AV because once again, communication with people is difficult to program. Also, currently, 

speed tables are not a common infrastructure, therefore AVs have little exposure to this traffic 

calming strategy and may interpret a grade change as something similar to a curb. More 

exposure to this traffic-calming infrastructure should be included in the testing phases of the AV. 

Finally, the current design of static all-way stop intersections have been identified as a concern 

for AV navigation. Re-designing this traffic control sign and intersection may be required in light of 

these results. 

 

5.3 Limitations 

Due to the nature of the project, there were many limitations with this research. These limitations 

were: Speculative Nature; Limited Population; and Understanding the Questionnaire. 

Speculative Nature 

The research and the questionnaires forced the respondents to be speculative, as Level 5 

automated vehicles are not currently fully developed nor are they legally allowed on public 

roadways. This means that the respondents had to answer the questionnaire using their 

knowledge to predict future implications and challenges of Level 5 AV navigation. Complete 

Streets are also relatively new to the public realm, and not yet widespread, which means that the 

general level of understanding about the CS movement is low. I tried to address this limitation by 

simulating the landscape and allowing multiple viewpoints. However, urban landscapes are 

complex, with diverse biophysical and sociocultural players. Landscape elements such as 

species diversity, the debris and residue associated with seasonality, human movement, and 

infrastructure associated with normal urban functions such as waste management are 

components of the settings that may have been missed by the AV researchers, further limiting the 

speculative assessment of the respondents.        
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Limited population in a suitable geography 

 The research network within the realm of AVs is small. Since 2009, Ontario has invested and 

designated six locations for specific research and development relating to AVs. These six 

locations are Windsor-London, specializing in cybersecurity and cross-border technology, 

Waterloo, for high-definition mapping, Hamilton, for multimodal and integrated mobility, Toronto, 

for artificial intelligence, Durham, for human-machine interface and Ottawa, for networks and 

communications (Bostelaar, 2018). Fifty percent of these six research hubs contributed data to 

this research. Therefore, due to the small size of the respondent pool, accessing available 

respondents was easy, but few were prepared to participate.  

Understanding the Questionnaire 

 Creating a questionnaire that was concise and broadly understood across all participants was 

a limitation to the results and their analysis. Another limitation was in relation to the nature of the 

illustrated setting. Communicating the settings through illustrated means was beneficial in helping 

the respondents better understand the different environments. The settings were presented as a 

still frame and video format, however the elements within the settings were static. Animated 

movement within the settings would have provided respondents with a greater understanding of 

the nature and character of the different streetscape environments. Animating the Shared Street 

setting would have better communicated that environment as pedestrian-oriented. However, in 

considering this alternative form of visualization, a different form of data collection might have 

been better suited.  

A questionnaire is an efficient method in collecting data from distant respondents and when 

the constructs are bounded. However, due to the ultimately manageable number of respondents 

within this study and the constructs that needed further exploration, interviews would have been 

suited for this study. Interviews with each of the three participants would enrich the information 

acquired and allow for a more-open discourse. In demonstrating these dynamic and animated 

visualizations through an interview, their body language and reactions to the visualizations would 
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be observed to further supplement the conversation. Any misunderstanding relating to the 

visualizations would also be explored through a dialogue.  

 

5.4 Future Research 

5.4.1 The Unknowns and Future Studies 

Four of the elements most commonly identified as having an unknown impact on AV 

navigation were as follows: Adjacent Building Height; Pedestrian Movement; Perceived Vehicle 

Speed and Urban Albedo. The similarities amongst these elements are that they address more of 

the characteristics of the scene, and not what is physically apparent for detection. Future 

research could delve into understanding why these elements have an unknown navigational 

impact from the respondents.  

Future research to improve both CS guidelines and AV technology could also delve into 

better understanding the respondents’ reasoning behind their responses, essentially asking them 

to elaborate on the elements they identified as having a positive or negative impact on AV 

navigation. This information will be deemed useful in the continued development of CS guidelines 

and AV technology.  

Understanding the impacts of understory planting and raised planters could enrich this 

research. MJR identified rain gardens and raised planters as having a negative impact on AV 

navigation. Therefore, gaining a greater comprehension on the reasoning behind this response 

would benefit future streetscapes, enabling them to foster appropriate opportunities for 

biodiversity while understanding the needs of AVs.     

As identified in Section 5.3, there are six different research hubs within Ontario specializing in 

developing specific systems and sensors vital to the operation and navigation of AVs. Within this 

study, only three of the six cities provided data for this research. Future studies could continue 

this conversation by creating connections with Windsor, Toronto and Durham for a greater 

breadth of feedback on AV navigation through CS.    
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Lastly, additional research on elements that are critical to the success of green streets, yet 

seem to conflict with AV navigation, such as canopy trees, all-way stop intersections, speed 

tables and unprotected bike lanes should be explored and tested in greater detail to better 

understand their impact on AVs. More research is needed to improve the overlap of these 

emerging design and technology tools, gaining an understanding of how these green streetscape 

elements can better suit all future modes of transportation. For example, canopy tree simulations 

within CS configurations could be created with differences in spread, spacing, species, variety, 

seasonality and location to better understand their impact on AV navigation.   

5.4.2 Understanding the Questionnaire and Simulated Settings 

The questionnaire was, for the most part, well understood. Despite the discrepancies of 

mindset within the closed-ended questions, the open-ended questions revealed like-minded 

responses. Based on the results, the respondents understood how to interpret the dynamic 

visualizations, and provided comments that were in-line with my expectations. In Table 5-1, 

Kaplan & Kaplan (1989) identify the factors of comprehension and preference within landscape 

environments. In terms of immediate understanding, the respondents had a coherent 

understanding of the settings, a predicted legibility with the scenes and took an understanding to 

the complexity of each scene.   

 

Table 5-1: The Preference Matrix (Kaplan et al, 1989) 

 UNDERSTANDING EXPLORATION 

IMMEDIATE Coherence Complexity 

INFERRED, PREDICTED Legibility Mystery 

 

Green streets seek to achieve Complexity and Legibility. Complexity is the term used to define 

how rich, evocative, and diverse a scene is. A complex scene includes various visual and 

stimulating elements, typically providing more breath than depth. CS seek to create streetscapes 

that are aesthetically pleasing and rich, captivating the attention of a diversity of people and 
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roadway patrons. Legibility is used to define landscapes that are comprehensible, structured and 

memorable (Kaplan & Kaplan, 1989). Legibility may be an asset for AV navigation, as distinctive 

landmarks and structured environments are beneficial for the systems within these vehicles 

(Czarnecki, 2018). Complexity however may prove to conflict with the AV systems, as diversity 

and busyness was identified as a concern for AV navigation. Strategies within public streetscape 

policies should therefore address the concern for the aesthetic complexity, reserving that 

preference for other landscapes that will not be host to AVs.  

5.4.3 Concluding Remarks 

5.4.3.1 Implications for Landscape Architecture 

Landscape Architects (LAs) are guided by an ethical code. Section 3.4 of the Code of Ethics 

and Professional Practice mentions the responsibility the profession has towards the preservation 

and protection of the land and its resources (OALA, 2006). Similarly, other professions and 

companies are also often guided by set of ethical codes, however, the mandates and priorities 

are different. Germany released the first set of ethical codes pertaining to Autonomous Vehicles, 

but within the document, no mention was made to enhancing the streetscape environment, and 

instead the focus was primarily on the safety of individuals (FMTDI, 2017). However, the Society 

of Automotive Engineers (SAE) has created a governance policy that dictates the technical 

standards for the advancements of self-propelled machines. One of their purposes as a board is 

“to preserve and improve the quality of life in the production and use of such mechanisms” (SAE, 

2017, p.6). Technical reports produced by the SAE are required to consider the improvement or 

protection of the environment. This is a high-level overarching goal, but it demonstrates a desire 

from the society to consider the well-being of the environment. This provides an opportunity for 

LAs to act as consultants and participate in the development and governance of technical reports 

revolving around AV technology. Opportunities to participate in policy discussions at various 

stakeholder levels may also exist, from private developers like Waymo and Ford, to municipal and 
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provincial levels, where LAs can provide support and expert knowledge on issues relating to the 

protection and preservation of the environment.  

This research explores one of the essential responsibilities the LA profession has to foster and 

steward the land amidst evolving design and emerging technology that threaten to alter the 

existing environment. AVs are new and are riddled with much ethical debate and discussion. 

These discussions focus mainly on the issues revolving around the safety of individuals, however, 

harnessing the responsibilities of LAs to steward and protect the environment can enhance these 

ethical discussions to ensure a more-sustainable future.  

In learning from the past, there are great benefits in planning proactively for the future. 

Envisioning ideal outcomes and designs, embedded with biophysical and sociocultural benefits 

that LAs understand to enhance the value and overall well-being of a community, can help shape 

and model future interactions and the implementation of AVs within the public realm. The unique 

perspectives of LAs can prevent the need for reactive and costly design strategies that have been 

seen in the past (i.e. the New Urbanist Movement). 

5.4.3.2 Conclusion 

The responses varied amongst respondents, fluctuating based on their background and 

research expertise. These varied responses also revealed both the intricate and diverse nature of 

the development of AVs in the market. It also revealed the number of players and stakeholders 

that are involved with the progression of this technology. Subsequently, although there are many 

players invested with the development of this new emerging technology, an interesting question 

for future studies would be to see if they are involved in multi-disciplinary conversations with 

landscape architects, urban designers or urban planners. Having identified the effect of various 

elements on AV navigation, a subsequent study could to be to forward this research to municipal 

offices that are involved with the creation or development of CS policies to see if any changes 

could be made to their guidelines to better consider the upcoming mobile technology that is the 

AV, without compromising the overarching goals behind the CS Movement.    
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As mentioned in the Introduction, AVs will have an impact on the structure and behaviour of 

our future cities, specifically on our streetscapes. As landscape architects, we are stewards of the 

land (ASLA, 2017) and have an important part to play in the multi-disciplinary evolution of the 

public realm. The CS Movement is a reactive planning and design strategy used to counteract the 

negative impacts brought about by the increasing desire for freedom through the personal 

automobile. To prevent another movement in the next fifty years, counteracting the negative 

impacts brought about by the AV, multi-disciplinary conversations need to take place prior to the 

development and legalization of full Level 5 automated vehicles on public roads. This research 

contributes to the general knowledge base of AVs within the public realm, identifying some 

concerns and questions that require responses.   
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APPENDICES 

Appendix A: Supplemental Information from Complete Streets Guideline Review 

Complete Streets Guideline Element Notes 

City of London - Complete 
Streets Design Manual (2018) 

Shade, Shelter, Seating, Buffer, 

Pedestrian scale lighting 

Shade, Shelter, Seating: Creating 
comfortable environment, with 
awnings or street trees. Improve 
illumination, enhance aesthetics, 
and mitigate shading from street 
trees. Pedestrian Scale Lighting: 
Ability to accommodate banners, 
hanging baskets and decorative 
elements 

Pedestrian clearway 1.5-4.0m width; accommodates 
sidewalk; setback 1.0m from curb, 

straight alignment (if possible) 

Buffer for snow loading 1.0m width; for unloading of snow, 
and for separation between curb 
and clearway 

Tactile Walking Surface Indicators, 
Ladder Pavement Crossing 
Markings 

For controlled intersections, in 
potential areas of conflict between 
pedestrians and motorists 

Shade/awnings Adjacent to Building 

Cycle Tracks, Bike Lanes, Multi-
Use Pathways, Neighbourhood 
greenways, Left Turn Design 
Treatments 

Cycle Tracks: 1.8m width with 
additional 0.5-1.0m buffer zone. 
Physical separation: bollards, pre-
cast concrete curbs, planters, 
cast-in-place concrete curbs; 
Multi-Use Pathways: Areas with 
low cycling and pedestrian activity, 
typ. 3.0-4.0m wide, 1.0m away 
from curb; Bike Lanes: 1.5-1.8m 
width; painted marking with a 
diamond, bicycle stencil and 
designated bicycle lane sign; 
Neighbourhood Greenways: 
Signed routes with traffic calming 
measures; Left Turn Design 
Treatments: Bicycle box, 3.0m 
further from intersection, allowing 
visibility of cyclists for motorists;  
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Centre Median Platform Transit 
Stop, Boulevard Island Stops, Bus 
Bay Stops, Integrated Cycle Track 
Platform Stops, Shared Space 
Stops,  

Centre Median Platform Transit 
Stop: 3.0-3.5m wide; transit 
shelters should be canopy shelters 
(with no side walls), or positioned 
where they do not conflict with 
ramp operation; Boulevard Island 
Stops: 3.0-3.5m width; for high 
capacity transit operations; Bus 
Bay Stops: Buses pull out of a 
lane, to reach platform; Integrated 
Cycle Track Platform Stop: 
Cyclists required to stop when 
transit vehicle present; transit 
shelter may be positioned between 
sidewalk and cycle track; Shared 
Space Stops: Buses pull into 
parallel cycling facility 

Street trees On both sides of street, where 
space permits; >2.0m from curb, 
to avoid salting and snow storage 
areas. If in median, should be in 
area of at least 3.5m width. If 
limited on space, look for shrubs 
or small trees. Large stature, 
native species & diversity of 
species should be selected; 
tolerant of road salt and drought. 
Canopy coverage enhances 
pedestrian environment and 
comfort, improves air quality and 
provides habitat for urban wildlife. 

Travel Lane, Parking Lane, 

Dedicated Transit Lane 

Travel Lane: 3.3-3.5m; turning 
lanes are typ.3.0m; Parking Lane: 
2.2-2.5m; Dedicated Transit 
Lane: Marked with red pavement, 
diamond, or "Bus Only" pavement 
markings; can be located either in 
centre of right-of-way, or between 
boulevard and travel lanes 

Passive & Physical Traffic Calming 
Measures 

Passive: Road diets, surface 
treatments (i.e. unit pavers, 
imprinted asphalt); Physical: 
Diverters, medians, raised 
islands/intersections/crossings  

Planted Curb Extensions, LID 
Features 

Planted Curb Extensions: Traffic 
calming, stormwater and urban 
heat island benefits; LID 
Features: Rain Garden (planter 
boxes, grassed swales gardens, 
bioswales, bioretention cells) 
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City of Toronto - Toronto 
Complete Streets Guidelines 

(2016) 

Open Planters, Bioretention 
facilities, Planting Strip, Robust 
Canopy of Trees, Tree 
Wells/Trenches, Biorentention 
Swale 

Area with good conditions, 
pedestrian enjoyment and efficient 
maintenance; Improve air qualitry, 
mitigate UHI, enhance character; 
Robust Canopy of Trees: 
Neighbourhood residential street 
settings, frame & define streets, 
calm traffic, add texture, shade 
and visual interest. Consider 

covered tree pits with Silva Cells. 

Bike lane, Bike boulevard, Parking 
lane 

Bike Lane: Convenient and 
attractive; Parking Lane: 
Appropriately located  

Permeable pavement, Brick Pavers Shared Street settings, Promote 
infiltration of rainwater and 
stormwater runoff 

Traffic Calming Strategies, Low 
motor vehicle speed, Pinchpoints, 
speed humps, raised crosswalks or 
speed tables 

Neighbourhood residential street 
settings; slow down traffic, safety, 
pedestrian safety 

Curbless Shared Street settings 

Wide sidewalks Prioritize safe movement of 
pedestrians; encourage walking, 
dinning and shopping 

Pedestrian crossing Main Streets; frequent and safe 

opportunities 

Curb extensions Main Streets; shorten crossing 

distances 

Street furniture, Transit Shelters, 
Bicycle Parking 

Delineate Pedestrian Space, 
Adequate and safe facilities; 
Bicycle Parking: Adjacent to 
public spaces & buildings 

Buried Utilities Reduction of clutter 

City of Guelph - Downtown 
Streetscape Manual (2014) 

Curbless, Permeable paving Where appropriate, low vehicle 
speeds, high pedestrian traffic 
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Street Parking, Permeable Parking 
Lane, On-Street Bike Lanes, Cycle 
Tracks 

Permeable Parking Lane: Use of 
precast unit pavers where 
appropriate; On-Street Bike 
Lanes: Demarcated with diamond 
symbol; Cycle Track: Physically 
separated, uni-directional, 
distinctively demarcated 

Pedestrian Refuge   

Canopy Trees, Planters Canopy Trees: No lower than 
2.5m, with branches no lower than 
2.0m 

Clearway 1.83m wide 

Signage, Private seating areas Marketing Zone 

Street Furniture/Benches, Transit 
Facilities, Bike Rings, Lighting 

Street Furniture: Face towards 
building; Transit Facilities: 
Pedestrian accessibility, near 
building entrances (if possible), 
tree planting adjacent to shelter to 
provide shade and windbreak. Far-
side stops for efficiency.; Bike 
Rings: In groupings of at least 2, 
every 10m 

Decorative Planters In bump-outs, and beginning/end 
of zone 

Snow Storage   

LID practices Biorentention planters, bioswales, 
soil cells, perforated pipe system. 
Preference of indigenous and salt 
tolerant species. Not to interfere 
with sight lines at intersections 

Bump-Outs Traffic calming, width slightly less 
than that of parking lane, only on 
streets with on-street parking, 
ideal location for LID initiatives 

City of Vaughan - Centre 
Street Streetscape Plan 

Concrete benches built-into 

planters 
Avenues 
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(2013) Paved sidewalks 2.0m width, concrete 

Street trees 8m O.C. 

Rain garden planters, Biofiltration 
swale, Buffer planting 
(trees/shrubs) - mix of deciduous & 
coniferous 

Rain Gardens: Within 2.35m wide 
zone, frequent breaks for 
pedestrian access, acts as buffer 
between different transportation 
modes 

Permeable concrete sidewalk 1.8m width & meandering 

Decorative & Pedestrian Lighting Coordinate with placement and 
spacing of street trees 

Flush/Rolling curbs Where appropriate, to make space 
appear and function as linear 

plaza 

Niagara Region - Complete 
Street Design Guidelines 

(2017) 

Street trees Canopies no lower than 2.5m 

Sidewalks 1.8m width, no obstructions; solid, 
stable and textured 

Snow clearing buffer   

Cycle track Demarked from other uses via 
planters, curbs, bollards, street 
parking or gutters 

LID Strategies: Bioretention 
planters, Bioswales, Permeable 
paving, Pre-cast tree planters, 

Vegetation 

Planting & Furnishing Zone, 
Boulevard, Roadway 

Bump-outs 2.0-2.4m width; ped. crossings, 
transit stops, seating, trees, raised 
planters, bike parking, public art, 
wayfinding and signage, etc… 

Transit shelters Accessible, with tree planting for 
shade, windbreak 

 Sidewalks Complete missing links, to 
enhance network, improve 
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St. Thomas - Complete 

Streets (2016) 
pedestrian safety,  

Bicycle Lanes Painted lanes, with connection to 

multi-use pathways 

Snow Storage Maximize boulevard width 
between sidewalk and roadway for 
increased pedestrian safety, snow 
storage and landscaping. Ideally 
1.5m wide. 

Street Trees, Aesthetic 

Landscaping 

Street Trees: Protect trees, and 
minimize impact to root zone; 
Aesthetic Landscaping: 
Vegetation to enhance 
streetscape, and aesthetic value 

Parking Bays, Bump-Outs Parking Bays: Minimize 
pedestrian crossings at 
intersections, and improve 
streetscape; Bump-Outs: Improve 
pedestrian visibility, reduce 
crossing distance 

Utility Relocate out of pedestrian zone, 

busy if possible. 

Pathways Add pathways & trees in unused 
green spaces, with connections to 
existing trails 

Lane Width Reduce lane widths to lower 
speeds 

Grey & Bruce Counties - 
Grey Bruce Complete Streets 

Policy & Implementation 
Guide (2015) 

Moveable bollards Flexible uses, for parking or street 
events 

Carpool Lots Converting underutilized parking 
lots into carpool lots, promoting 
alternatives to single-occupancy 
vehicle trips 

Bike Lanes or Sharrows Install on main streets with 
sufficient road capacity, resort to 
sharrows when bike lanes are 
unfeasible; provide enough 
wayfinding 
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Wayfinding & Signage Signage along trails to popular 

tourist spots 

Streetlights Improve safety 

Planters Visual & acoustic barriers from 
traffic 

Sidewalks On main streets to encourage 
walking 
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Appendix B: Online Questionnaire 
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