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1 ABSTRACT 

Use of unmanned aerial vehicle (UAV) technology is predicted to increase dramatically from more 
than 600,000 drones registered just with the US Federal Aviation Administration (FAA) to nearly 
7,000,000 over the next 12 years ( FAA 1,2 )  This popularity is evident in their increasing use in 
and around public outdoor spaces, including parks, stadiums, outdoor amphitheaters, festival 
grounds, or outdoor markets.  While there is considerable research on unmanned aerial vehicle 
(UAV) applications and navigation (Koh 2012, Nemeth 2010) and an emerging body of work in 
landscape architecture (Kullmann 2017, Park 2016), there is no research addressing increasing 
conflicts between public space visitors, drone navigation in public space, and its effect on the 
planning and design of public space.  The paper presents initial findings from funded research to 
develop landscape architectural design and planning responses supporting low cost detection 
technology to deter the illegal use of drones in public spaces. Methods of data collection 
employed surveys of botanical garden visitors concerning their preferences for site landscape 
features and experiences, their awareness, attitudes, and preferences about the presence of 
drones in public space, and potential aerial visual access to a range of forested and open 
landscapes frequented by visitors in the garden.  Findings suggest that given public concern 
about the presence of drones, landscape planning and design of such public spaces should 
provide continuous landscape features with restricted aerial visual access surrounding and 
connecting public areas with open aerial visual access.   
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2 BACKGROUND 
 

Use of unmanned aerial vehicle (UAV) technology is predicted to increase dramatically in the 
United States alone from more than 600,000 drones registered with the US Federal Aviation 
Administration (FAA) to nearly 7,000,000 over the next 10 years (FAA1,2).  This projected dramatic 
increase is accompanied by their increasing presence in and around public outdoor spaces, including a 
wide variety of park settings, stadiums, outdoor amphitheaters, festival grounds, and outdoor markets.  
While there is clearly an extraordinary amount of anecdotal evidence, as well as considerable research 
on unmanned aerial vehicle (UAV) applications and navigation (Koh 2012, Nemeth 2010) and an 
emerging body of work in landscape architecture (Kullmann 2017, Park 2016), there is no research 
addressing perceived conflicts between UAVs and public space visitors and drone navigation in public 
space.  
 

UAV presence in public space venues stems from heretofore unattainable vantage points and 
visual accessibility open to UAV users.  To that point, most common drone applications utilize cameras 
for aerial photography capturing unique viewpoints that are often superior to flights using manned 
helicopters, at a fraction of the expense.  With increasing hobbyist drone popularity, parks, gardens, and 
other open public areas have come to serve as important practice locations for drone navigation and 
videography experimentation.  Accordingly, as drone use has increased, both amateur and commercial 
drone pilots have increasingly sought to capture the excitement of live music events (Carter 2013), to film 
exclusive angles of athletic matches (Petel 2016, Hammel 2017, Sportscaster 2017, Pekler 2016], or to 
create powerful imagery from landmarks and monuments (Thompson 2017, Kushir 2017).   
 

The use of unmanned aerial vehicles (UAVs) with these purposes in mind has opened significant 
commercial opportunities (Cohn 2017).  Public space managers holding popular events such as sports 
matches, music concerts, theater productions, or festivals actively seek aerial perspectives of their events 
for advertising or broadcasting.  Because such events are often intermittent and can require a wide 
variety of spatial and technological configurations to meet those available through the use of UAVs, it is 
simply not physically or financially feasible to install permanent camera systems such as “Skycams” 
(Cone 1985) and other permanent systems commonly used in sports stadiums under these 
circumstances.  With recent changes in FAA rules sanctioning commercial drone operations, drone aerial 
photography and videography services for these and other intermittent events have increased 
dramatically. 
  

Proposed commercial UAV functions include the delivery of small to large payloads quickly 
across long distances, such as those proposed by Amazon’s PrimeAir service (Amazon 2017); those 
proposed for aerial shuttle service in to major airports like JFK; and those by proposed by citywide drone 
taxi services.  Utilities and communication carriers are employing UAVs to improve public safety and 
improve efficiency in cases such as AT&T’s proposal to boost cell phone service at outdoor concerts and 
sporting events as a means for improving connectivity and patron experience (French 2017, Kastrenakes 
2017),  and PG&E is proposing UAVs to examine power line wear and potential failure of improving 
customer service and reducing chance of fire in wildlands.  Whatever the rationale for their use, drones 
have great potential as collaborative robots working with humans in public spaces. Given this rapid 
increase in UAV applications and their increasing presence in outdoor public space it behooves 
landscape architects to consider not only how drones might be used beneficially in public environments, 
but also how they might negatively impact visitor presence and experience. 
 

The unauthorized or illegal flight of drones in outdoor public space, however, pose risks for both 
venue management and users, potentially threatening the safe operations of legitimate drones supporting 
such events. Novice unauthorized drone pilots navigating these settings increase the risk of colliding with 
other UAVs or otherwise losing control and damaging people or property.  Such incidents have occurred 
at music events (injuring singer Enrique Iglesias) (Reed 2017, Kuo 2017), at sporting events (Talinova 
2017), at street markets (S B 2016), and the White House.  There is evidence of UAVs use to intentionally 
harm or distress venue attendees and VIPs, and to carry weapons (kinetic, biological, or chemical) as 
part of an attack. Terrorist groups such as the Islamic State of Iraq and Syria (ISIS) and Hezbollah have 
used drones to carry explosives for such ends in the Middle East (Schmidt 2017).  Drones have also been 
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used to make political statements, landing on the house of the Japanese Prime Minister carrying 
radioactive material (BBC 2017), and landing on a stage near German Prime Minister Angela Merkel at a 
speaking event (Bittel 2017).  Some fear that just as UAVs might support improved cell phone 
connectivity, so might they also be used as a platform for hacking electronic devices to disrupt security 
and first responders. 
 

Two principal approaches defining contemporary response to unauthorized drone use in and 
around public space, include: 1) Detection of potential threats within airspace of interest (“detection”), and 
2) Appropriate countermeasures deployed to mitigate drone threats (“countermeasures”).  Both 
approaches are inextricably related to drone function, capabilities, and flight location characteristics.  
Appropriate countermeasures employ three primary responses: 1) Regulations and standards, 2) Active 
controls, and 3) Passive mitigation [35].  Regulations and standards best address the administrative, 
design development and organizational capacities of national and local governments, industry and 
manufacturers, and professional organizations to oversee and control the manufacturing, operation and 
use of drones.  Examples include the FAA mandate for registration of drones, requirements for unique 
UAV license and vehicle numbers, and integrated software development enforcing drone flight practices, 
such as geo-fencing.  Geo-fences define enforceable geographic boundaries based on global positioning 
system (GPS) or radio-frequency identification (RFID) preventing drone flight.  While regulations and 
standards present useful long-term strategies for accidental drone incursions, they have, however, been 
ineffective in counteracting custom drone builders with malicious intent. 
 

Active countermeasures as a response to unauthorized UAV presence are intended to interfere 
with drone function physically preventing continuing flight [35]. Active countermeasures fall within three 
categories: 1) Electronic (including jamming, hacking, and spoofing); 2) kinetic (such as guns or mobile 
nets); and 3) Energy (such as lasers and electromagnetic pulse devices (EMP)).  Electronic 
countermeasures are often used to interfere with UAV sensors or their communication capacities to direct 
unauthorized vehicles to ground or away from defined areas.  Jamming and spoofing countermeasures 
prompt UAV default emergency modes or deceptive flight orientation.  Hacking countermeasures 
manipulate UAV control inputs through vulnerable security programs.  Similar to the application of 
regulations and standards to mitigate unauthorized UAV activity, there is evidence that skilled flight 
configurations can mitigate electronic countermeasures (e.g., a drone goes into radio silence on final 
approach to a target). 
 

Kinetic and energy countermeasures such as net guns and lasers are increasingly utilized to 
physically disrupt or destroy parts of UAVs, causing them to crash.  Because commercial drones are 
relatively fragile, and because both kinetic and energy countermeasures are effective in destroying most 
small UAVs, accurate tracking is mandatory to avert secondary threats to people and property from 
destroyed drones.  In fact, all active countermeasures risk uncontrolled descents, and their unintended 
consequences, not to mention the often significant expenses associated with sophisticated system 
acquisition, and operator expertise.  
 

Passive countermeasures, in contrast, do not target UAVs, but diffuse their threat through other 
means. Examples include directing people at risk to safety, or blocking drone visual access through fog, 
directed lights or camouflage. Advantages of passive mitigation accrue from their inexpensive tracking 
technology, lower risks from crashes, and flexible application across a variety of sites and uses. Passive 
countermeasures (particularly permanent ones), however, potentially impact visitor experience in outdoor 
public space, and if poorly executed can adversely affect cooperative positive UAV presence. 
 
 
3 LITERATURE REVIEW  
 

The subject matter at the heart of the paper draws on literature from design-based research (DBR) 
addressing landscape analysis and planning applicable to: a) the creation of “drone” tracking and monitoring systems; 
and b) the development of model countermeasures for their use in landscape settings (Hewitt&Nassar 2019).  As a 
process, the paper’s methodological approach draws from literature describing DBR processes in terms of: 1) 
conceptual development of the design problems; 2) establishment of theoretical rationale for design problem 
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resolution; 3) development of relevant design principles applicable to existing landscape analysis and planning 
practices; and 4) iteration intended to resolve complexity in human/machine/environmental design problems (Reeves, 
T.C. 2006).  Landscape assessment methodology was derived from the literature describing SOPARC: System for 
Observing Play and Recreation (Park, 2016)  Survey questions were informed by literature describing 
public attitudes and perceptions related to drones and drone activities (Sakiyama, M., Miethe, T. D., 
Lieberman, J. D., & Heen, M. S. ,2014).  Conceptual analysis and planning of the garden’s landscape 
features relied on literature associated with “Prospect Refuge Theory” in recreation areas Ruddel, 1987). 

4 METHODS 
 

Research findings are in part derived from: a) garden visitor survey analysis; and 2) visual 
analysis of the garden’s landscape.  Surveys of 144 self-selected visitors at the garden’s primary 
entrance were administered over two consecutive well-attended fall days in early November.  Garden 
visitors were observed in its main gathering areas and principal paths those same consecutive days, 
congregating along forested walking paths connecting and surrounding garden clearings, and near the 
forest edges of garden clearings. Garden visitors were also observed in its principal open spaces in 
numbers consistent with visitor survey preferences.   

Four representative squares of tree densities were selected for further analysis based on: 1) trunk 
and canopy outline; 2) ground design features (ex. pathways); 3) aerial photos of the forest canopy; 4) 3-
D model perspectives of the canopy; 5) 3-D aerial views to the canopy; 6) 3-D view from understory to 
sky; and 7) a percentage of visual access generated through image pixel analysis. The sampled squares 
indicate what visitors might be doing based on features (ex. moving on pathways, resting), where they 
have the most visual privacy (ex. under a tree), preferred garden features (ex. views to nature), where 
drones have visual access to visitors, and where visitors can best see the drones.  Mapped results (see 
Figure 4) indicate the extent of visual access throughout the garden. 
 
5  RESULTS 
 
5.1  Survey Responses 

In brief, the survey respondents were comprised of first-time and frequent visitors travelling 
primarily less than 5 miles, but up to 50 miles to the garden.  The vast majority spent less than 2 hours at 
the garden with most reporting stays between 30-60 minutes and more respondents preferring weekends, 
although the garden was visited throughout the week.  Most respondents came in groups of 2-5, as 
couples, families, or groups of friends.  Approximately 15% of visitors came alone. 

Perhaps most relevant to the principal research issues, survey responses related to garden user 
preferences show that visitors utilized all areas of the garden with most visitors preferring active 
recreation, passive enjoyment of nature, relaxation/mediation or socializing as their primary purposes. 
Visitors clearly preferred three kinds of garden spaces: open space with clear views, semi-open corridors 
near sheltered areas, and secluded private forest areas. In their use and enjoyment of these garden 
areas, visitors most appreciated the garden’s trees and forest, as well as feelings of comfort and safety. 
Nearly half pf the survey respondents expressed their appreciation for the sense of privacy afforded by 
the garden. 

Survey responses related to visitor awareness of drones and the use of drones in public space 
indicated that 98% of visitors were aware of drones and have heard about drones flying in public spaces 
through multiple sources. 11% of visitors reported owning drones. Significantly, 65 % of garden visitors 
reported they would be concerned seeing a drone in public space, primarily because of their fear of a loss 
of personal privacy or safety, for being photographed or concern about drone pilot intent. While the 
majority of visitors did not contemplate changing their public space behavior in the presence of drones, 
41% of garden visitors said they would reassess their activities or move away from the drone, and 47% of 
the garden visitors indicated that public open space should be designed to deter drone intrusion. 
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Figure 1. Select visitor landscape and personal preferences associated with visual access. 

 

Figure 2. Select visitor concerns about the presence of drones in public space. 
   

As a whole, these responses suggest that nearly all the garden’s users across a range of ages, 
over a wide range of garden landscape features, preferences and activities, were familiar with UAVS, 
including drone capacity to photograph and otherwise observe their surroundings.  As a whole, the 
surveyed garden visitors occupied portions of all defined areas within the garden, and when prompted 
identified three principal formal design characteristics defined by degrees of openness and tree cover, 
suggesting the relative importance of visual access and shelter as landscape experience in the garden.  
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In response to proposed scenarios contemplating changes in their experience, their garden preferences 
and behaviors in the presence of UAVs, the majority of garden visitors readily accepted UAV presence 
without garden behavior modification.  However, nearly half of the garden visitors expressed enough 
concern to contemplate changing location to more forested space with less visual access in the presence 
of UAVs. 

5.2 Visual Access Mapping

Because garden visitor opinions concerning their garden use and enjoyment in the presence of 
drones suggested the importance of garden features spanning a range of open to sheltered visual 
access, and that visitor concerns was closely linked to concerns about drone privacy violation and 
photography, aerial visual access throughout the garden was considered a significant characteristic for 
potential garden design consideration that might allay visitor concern about unauthorized presence of 
UAVs.   

Figure 3. Visual access matrix representing tree densities in Sarah Duke Botanical Garden 

Because the garden’s tree cover was relatively uniform in terms of tree size, canopy coverage, 
and composition, the garden was consistently divided into gridded 100’ squares consistent with SOPARC: 
System for Observing Play and Recreation and classified according to the number of trees per gridded 
square.  The squares were subsequently categorized according to 4 tree densities, exhibiting degrees of 
visual access consistent with these densities.  Open lawns were classified as completely visible. Mapped 
results indicate the extent of visual access throughout the garden. 

Four representative squares of tree densities were selected for further analysis based on: 1) trunk 
and canopy outline; 2) ground design features (ex. pathways); 3) aerial photos of the forest canopy; 4) 3-
D model perspectives of the canopy; 5) 3-D aerial views to the canopy; 6) 3-D view from understory to 
sky; and 7) a percentage of visual access generated through image pixel analysis. The sampled squares 
infer what visitors might be doing based on features (ex. moving on pathways, resting), where they have 
the most visual privacy (ex. under a tree), preferred garden features (ex. views to nature), where drones 
have visual access to visitors, and where visitors can best see the drones. (see Figure 4)  
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Figure 4. Visual access map representing tree densities in Sarah Duke Botanical Garden

Mapped results (see Figure 4) indicate the extent of visual access throughout the garden.  The 
darker gridded squares representing moderate to very dense tree cover, form the exterior edge of the 
garden and cover most of the eastern half of the site.  Two large connected open spaces run north to 
south along the eastern forested edge of the Garden.  Tree cover and visual access are greatest in this 
portion of the garden.  The large open space to the north is filled with a large pond surround by denser 
tree cover on its upper boundary, with less dense tree cover on its lower boundary connecting with the 
second large open space to the south.  The second large open space is comprised of open lawn 
surrounded by less dense tree cover and is among the most used portions of the site, primarily for more 
active recreation and festivities. Pathways and corridors surround the large open spaces and connect 
dozens of botanical garden features throughout the garden. 

Visitors have significant presence along the garden paths, which are largely covered with trees or 
border areas with tree cover.  Accordingly, visual access throughout the garden features and connecting 
pathways is relatively good with intermittent pockets of visual access, affording the greatest shelter from 
UAVs.  While the large open spaces offer the greatest opportunities for drone visual access, the edges 
bordering these open spaces allow significant additional visual access into the surrounding forest through 
views under the tree line, significantly reducing shelter from drones.  For example, while the large open 
spaces in the garden occupy approximately 230,000 square feet in the garden, the modest tree cover 
surrounding the large open spaces and its greater visual access into the forest edges increases the drone 
visual access to areas in the garden to 410,,000, not including the entire botanical garden boundary 
edges and other smaller garden areas with less dense tree cover.  These additional areas add 690,000 
square feet to visual access by drones.  This 1,100,000 square feet of visually accessible garden 
represents approximately 64% of this heavily forested site, suggesting the extent of the potential influence 
of UAVs on the use and enjoyment of public space by a significant number of visitors to the Sarah Duke 
Botanical Garden.   
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6 CONCLUSIONS 

These findings suggest that while the garden seemingly provides shelter for privacy though 
substantial tree cover plantings, it may otherwise be significantly compromised with the presence of 
commonly available drones.  Accordingly, though seemingly secure, forest edge conditions can surpass 
open space as a means of overall visual access.  These findings also suggest that while a significant 
number of garden visitors may contemplate adverse changes in their use and enjoyment of visually 
accessible portions of the garden in the presence of drones, the majority of garden visitors remain largely 
unaffected by the presence of drones in the garden.   As a whole, these findings suggest the importance 
of aerial visual access as a potential significant determining factor in public space planning and design, 
especially as UAV presence increases into the immediate future.   
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Figure 1. Select visitor landscape and personal preferences associated with visual access.  Diagram by 
author. 

 
Figure 2. Select visitor concerns about the presence of drones in public space.  Diagram by author. 

Figure 3. Visual access matrix representing tree densities in Sarah Duke Botanical Garden.  Diagram by 
author. 
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Figure 4. Visual access map representing tree densities in Sarah Duke Botanical Garden.  Diagram by 
author. 
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