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ABSTRACT 

 

Development of unmanned aerial systems (UAS) in recent years has intensified the 

concern for risk to commercial aviation in the United States. Federal Aviation Administration 

(FAA) integration plans are continually underway and seek to address the incorporation of UAS 

into the national airspace structure. The initial phase establishes regulations for small UAS, 

however, a perceived increase in incidents with aircraft has heightened concerns for hazards 

associated with small UAS. Using reporting of encounters with small UAS from 2014-2016, a 

workflow focusing education efforts to spatial locations and using areas of interest for UAS users 

can improve safe integration of UAS technology into the national airspace system. 

 

Keywords: Unmanned Aerial Systems (UAS), commercial aviation, safety, Geographic 

Information Systems 
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CHAPTER 1: INTRODUCTION  

OBJECTIVE 

The purpose of this project is to identify locations of potentially high UAS usage that 

would pose high safety risk to traditional aviation. The intent is to develop a workflow to find 

places where education strategies could be implemented to reduce the risk at these locations. 

BACKGROUND 

Unmanned Aerial Systems (UAS) technology (also called unmanned aerial vehicles 

(UAVs), drones, or remote controlled aircraft) has historically been limited to hobbyists with 

short range radio controlled aircraft operating in established parks and areas well clear of airports 

and federal airways. Recent years have shown a rapid development of technology, reducing the 

training required to operate UAS and increasing the market for personal and limited commercial 

use. The ease of 

operation creates a new 

generation of operators 

who have largely been 

unfamiliar with aviation 

regulations and have extended the use of UAS 

beyond the previously established areas. This 

has encroached upon airspace used by private 

and commercial aviation and posed a risk to safety.  

The danger associated with small airborne hazards is not new. Since the early days of 

aviation, hazards to aviation have come from many directions. Environmental concerns like 

weather and wildlife have always been problematic. Logistical concerns like congestion and 

airspace are newer but still provide a challenge to aviators. Often technology has been used as a 

tool to mitigate the risks associated with these hazards. Radar technology still provides much of 

the real-time measurement of weather, congestion, and even birds. GPS systems have helped 

Figure 1: UAS smartphone controller and UAS 
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improve navigation techniques allowing more aircraft to operate safely without increasing 

airspace.  

Understanding the nature of the UAS hazard is an important part in reducing the risk. The 

low cost and ease of operating small UAS opens a small part of the world of aviation to users 

who may lack the procedural knowledge of safe airspace operations that have been long 

established to reduce the risk of environmental and logistical factors. 

  

STUDY AREA 

After completing an initial analysis of nationwide UAS incident reports spanning 2014-

1015 (see Appendix A) to identify clusters of high incident rates Phoenix, AZ was selected due 

to its proximity to Northern Arizona University and its cluster of airports with a high incident 

reports. Additionally, the number or airports with high traffic in a close proximity allows for a 

complex environment to test the hypothesis.  

SCOPE 

This project will be based on mishap data collected by the Federal Aviation 

Administration in the United States from 2014-2016. The scope of this project is to identify and 

evaluate small UAS risk. UAS interest areas will  be identified based on operation capabilities of 

commercially available small UAS and landmarks and features that would attract UAS usage 

near airfields and transportation corridors used by manned aircraft. Airspace around the major 

airports of Phoenix International Airport (PHX), Phoenix Deer Valley (DVT), Phoenix Goodyear 

(GYR), Phoenix Mesa Gateway (IWA), Glendale (GEU), Scottsdale (SDL), and Chandler 

(CHD) as well as smaller private and uncontrolled airfields were assessed. The intent is to create 

a model that can be used in other areas around the country with minor modifications. 

Identification of usage areas will allow for targeted regulation and mitigation strategies to be 

implemented. However, UAS regulation and mitigation effectiveness is not the primary focus of 

this research and all recommendations will be preliminary and need additional evaluation. 

RESEARCH QUESTIONS 

Can UAS interest areas be identified based on geospatial features? 

Can UAS risk areas be based on geospatial features without incident reports? 
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Are there areas in a city where UAS interest areas are concentrated? 

Can areas of higher concentrations be identified with reported UAS incidents? 

Can technology provide a method to reduce hazardous UAS activity? 

 

CHAPTER 2: L ITERATURE REVIEW  

The following review addresses UAS technology to identify the capabilities and 

limitations of UAS control. Additionally it addresses the regulation efforts by the FAA to 

regulate that control, and areas where precise control is important (i.e. how FAA airspace works 

and where UAS fly).  

 

UAS TECHNOLOGY DEVELOPMENT 

The basic idea of unmanned aviation is not a new concept nor is it unique to last decade. 

While the popularity and usage demands have recently increased, the principles of unmanned 

aviation go back to the early 1940s. Unmanned aviation systems were developed by several 

countries during WWII. Early developments went largely unnoticed by the FAA due to the 

limited nature of their use. The basics of UAS operations are important to understand in order to 

study how UAS can be hazardous to manned aviation.  

Unmanned Aerial Systems are somewhat misnamed as they are controlled by a living 

person every bit as much as so called manned aircraft. While current developments in 

automation may change the nature of the control, most UAS are still directly controlled by a pilot 

on the ground. The systems in UAS are composed of an air vehicle, a control apparatus, and a 

link between them. The air vehicle can be as small as a few ounces to a large as commercial 

airliners and designed with a variety of sensors that are carried and used for purposes ranging 

from law enforcement to agriculture and natural resource management. The ground control 

apparatus can also vary widely from a smart phone or tablet to a control station apparatus with 

multiple screens used for navigation and payload control. In early UAS, the link was a radio 

signal; this is still common in many hobby aircraft, known as radio controlled (or RC) planes. 

Radio control is limited to visual line of sight where an uninterrupted signal would travel in a 

straight line through the air to the flying vehicle. The controller would have to have visual 



10 

 

contact with the air vehicle in order to give appropriate controls. Current technology now uses 

technology from cellular phones and satellite communications to control the air vehicle. These 

new technologies allow for beyond line of sight as the signal can be relayed more robustly 

through cellular towers or satellites and allow for two way communication between the air 

vehicles to the control apparatus. These new developments, in conjunction with cheaper systems, 

increased both the capability and popularity for commercial and recreational use. The FAA 

initially allowed UAS to operate on a limited basis under waivers and ignored smaller 

recreational UAS which were not initially expected to interfere with manned aviation. 

 

FAA AIRSPACE  

Figure 2: Phoenix, AZ Airspace excerpt from FAA VFR Chart 

Airports having control 

towers (CT) are shown in 

blue, all others are shown 

in magenta. 
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 The FAA classifies 

airspace into six main classes. 

Each class has different control 

procedures that provide safe 

operation. All but class G also 

require the ability to 

communicate with air traffic 

control and require a license to 

operate in. Areas near busy 

airspace or areas with airfields 

in close proximity the airspace 

can be complex, as seen in 

Figure 1. An excerpt of the 

legend is shown to the right 

with some of the pertinent 

information. The full legend published with this type of aviation chart would fill nearly 40 pages 

(FAA 2016). The complexity of these charts is an obstacle to untrained UAS operators. As a 

result the FAA has created a much simpler interface for locating hazards as shown in Figure 2 in 

a mobile phone application called B4UFLY. While this interface is clearer is oversimplifies busy 

airspace (Federal Aviation Administration 2016).     

Class A airspace is medium to high altitude airspace from 18,000 feet above mean sea 

level (FL 180) to 60,000 feet above sea level (FL 600). This is generally used by large 

commercial aircraft and high performance military aircraft and it is beyond the altitude range of 

small UAS systems currently in use. 

Class B airspace surrounds very busy airspace in the vicinity of large airports and can 

incorporate airspace in varying distances from a busy airport. It is under strict air traffic control. 

Under normal circumstances small UAS are not allowed in these areas. 

Class C airspace surrounds smaller commercial or military airfields and usually has a 

tiered range of control from two-way radio communication to identification equipment. 

Class D airspace surrounds small airfields that contain a control tower to moderate traffic.  

Figure 3: Airspace Diagram  from 

https://www.faa.gov/air_traffic/flight_info/aeronav/digital_produc

ts/aero_guide/ 
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Class E airspace is the largest amount of airspace generally above 1,200 feet above the 

ground to 18,000 above sea level. Most civilian and general aviation aircraft fly in class E 

airspace. It can also incorporate areas around airfields used for departure and approach corridors 

as well as around some small airfields that do not have a tower. 

Class G airspace is often referred to as uncontrolled from the ground to 1,200 feet above 

the ground. This is the realm where small UAS will generally operate. (FAA 2016) Airspace 

below 1,200 feet will be the focus of this analysis and only the airspace components from surface 

to 1,200 feet will be used in this research. 

 

HISTORY OF REGULATION IMPLEMENTATION 

UAS have been operating on a limited basis for decades with varying levels of 

sophistication of systems from small hobby aircraft to larger military aircraft developed as aerial 

targets to operate in restricted areas. Recent developments in technology and commercial 

applications in UAS has increased the desire to expand operations outside the regimes of low 

altitude (radio controlled hobby aircraft) and restricted airspace (military aircraft), necessitating 

regulatory guidance that would protect commercial and private aviation. With manned aviation 

also expanding, the need to integrate UAS into the National Airspace System (NAS) in a manner 

that ensured safety for people both in the air and on the ground while promoting innovation and 

technology development became a high priority for the Federal Aviation Administration (FAA).  

In February of 2012 Congress passed the FAA Modernization and Reform Act of 2012 

which appropriated funding for future reforms requested to modernize the NAS infrastructure. 

Additionally, the bill mandated the FAA to have a plan to integrate UAS into the NAS beginning 

no later than September 2015. The Joint Planning and Development Office, a conglomeration on 

federal agencies including the FAA, National Aeronautics and Space Administration, and the 

Department of Defense, published a report to Congress outlining recommendations for the way 

forward (JOINT PLANNING AND DEVELOPMENT OFFICE (JPDO) 2015). In 2013 the FAA 

published the first edition of the Integration of Civil Unmanned Systems (UAS) in the National 

Airspace System (NAS) Roadmap (U.S. Department of Transportation Federal Aviation 

Administration 2013) that outlined the way forward. These documents constituted the initial 

motivation, methods, and policies expanding UAS usage outside of limited areas. This plan 
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included a phased approach to allow for expanding usage while limiting growth in order to 

educate and implement safety measures. Initial measures created areas established for research 

and development of UAS by non-governmental agencies. Areas were defined by the FAA 

designating UAS testing airspace that was clear of current manned air traffic to be used for 

research and development.  

Additionally, policies regarding ñsmall UASò had already become popular. By early 

2015, the Notice of Proposed Rulemaking (NPRM) (Federal Aviation Administration 2015) for 

the Operation and Certification of Small Unmanned Aircraft Systems was published and enacted 

for UAS weighing less than 55 pounds. These regulations allowed for visual line of sight, 

daylight operation clear of people on the ground, and a maximum altitude of 400 feet above the 

ground. Operation in presently defined NAS classes were established for operators passing an 

FAA exam. Additionally, a classification of Micro UAS up to 4.4 pounds (which encompasses 

the majority of hobby aircraft) was defined which allowed for operation by unlicensed operators 

up to 400 feet above the ground in uncontrolled airspace. By December of 2015 further 

regulations (Federal Aviation Administration 2015) were created requiring registration of all 

UAS, regardless of size, by 19 February 2016. Future actions plan to incorporate regulations for 

larger aircraft operating at altitudes in conjunction with manned aviation as well as a plan for 

airfield designations, training and maintenance certifications, and minimum requirements for 

operations (U.S. Department of Transportation Federal Aviation Administration 2013).  

RISK ANALYSIS 

 To understand the risk posed by UAS, this practicum investigates risk based on the FAA 

Safety Analysis Process applied to small UAS. Identifying, evaluating, and resolving issues will 

provide a pathway to reducing risk. Identifying risk at a precise location requires data collection 

beyond the current system. This imprecise location for reports is a significant limitation of that 

data we have. Current reporting is collected by the FAA from pilot sightings reported over air 

traffic control radios real time or after landing by pilots or traffic control towers. The location 

assigned to the report or incident is based on the direction from the nearest airfield rather than 

exact position. Because of the imprecise location reports the exact location of UAS incidents is 

unknown. The compiled FAA reports have initially been consolidated to provide a single data 

file containing reports at a given airfield (Federal Aviation Administration 2017). The first step 
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in evaluation is to identify how frequently the risk occurs. We will use reported incidents to 

assess frequency based on two things. First spatial statistics to find clusters of airports with high 

occurrences and second, a frequency based on airport usage. Another factor is to evaluate 

severity of the risk or the worst case scenario. The scope of this project is not to assess the 

severity of the risk but focus on the spatial frequency of the occurrences. Lastly, a resolution 

analysis will be conducted to provide suggested mitigation specifically to the spatially located 

areas where risk may be elevated due to increased frequency of occurrences.  

 

MID-AIR COLLISION AVOIDANCE (MACA) 

Risk mitigation strategies have been previously used in manned aircraft. One example is 

Mid-Air Collision Avoidance (MACA) programs were developed by the United States Air Force 

(USAF) to educate 

civilian pilots flying at 

airfields near USAF 

operating areas about 

the local operations 

that might be 

encountered. MACA 

programs include 

images of aircraft at 

different scale and specific locations of operations including training routes as well as Air Force 

recovery landmarks. The purpose was to help civilians realize the areas where aircraft were 

likely to be encountered and what to look for. Airports near operating areas were a 

straightforward place to distribute information in these MACA programs since most aircraft must 

operate from an established runway. Within 50 miles of an Air Force airfield flying units are 

legally required to create and manage a MACA program (US AIR FORCE Safety Center 2016). 

Due to the flexibility of UAS systems the locations to implement a MACA program would not 

be as simple as locating airports within a certain range but locating specific high use and high 

risk areas.  

 

Figure 4: Examples of Current 

MACA products 
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UAS INTEREST AREAS 

While MACA programs utilized distance from flying units to implement their risk 

mitigation strategies, small UAS are not limited to formal airfields. Therefore, in order to 

identify regions in which to implement small UAS risk mitigation, UAS interest areas need to be 

identified. 

Little academic research has been focused on the nature of areas where UAS operators 

choose to fly, however, there are many recommendations from enthusiast and UAS groups who 

make recommendations to new UAS operators. Much of the focus of the articles is to inform 

readers where to avoid (ESRI and Geiling 2015) while others provide recommendations for 

specific areas in which to fly. Hivemapper is a startup company using aerial video as a tool to 

visualize the earth (Hivemapper 2016). They suggest flying locations as do several electronics 

retailers such as Tomôs Guide (Baguley 2016).  

 

A qualitative review categorizing the main attraction of the 100 Best Places to Fly in the 

United States (Baguley 2016) identifies common features that may increase the interest of flying 

from that location (see Appendix C for a full list of attractions).  

First, a local point of 

interest, whether on public land 

or a private property with 

permission of the landowner, is 

the primary recommendation as 

many recreational UAS carry 

small cameras and a subject to 

film carries a significant draw 

for UAS operators. Second, 

proximity to a body of water. 

This could be due to a lack of 

obstructions as well as a subject 

to film. The third category is 

areas with significant elevation 

or topography compared to the surrounding areas. This enhances the ability to maintain line of 

32

45

3 1

17

2

Over Water Point of
Interest

Recreational
Trail

Group of
People

Elevation Forest

Figure 5: Qualitative Analysis and Categorization of UAS 

Recommendations 
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sight control as well as provides scenic views to film. Recreational trails, forest, and a group of 

people with a shared interest were also observed, although at much lower frequencies. While 

further academic research is needed to better understand the characteristics of UAS interest 

areas, most recommendations fit into at least one these three factors. 

Anecdotal recommendations from Phoenix-

area retailers and operators from a review of social 

media postings from the Phoenix Drone User Group 

also suggest that space to fly, or open land, is 

significant. In a similar manner to water, areas 

where a lack of vertical vegetation has appeal to 

users (Phoenix Area Drone User Group 2013). In a 

desert environment the vertical obstruction may be 

more from man-made obstacles than trees. Spaces 

that were often suggested were open sports fields, undeveloped lots, and agricultural areas. This 

fourth attribute will also be considered.  

 

SOLUTIONS 

There are many possible solutions to reduce the safety risk while also allowing for small 

UAS use. One significant challenge is educating UAS operators about the risk they pose when 

they fly in airspace with other aircraft. FAA regulations requiring registration and licensing have 

Figure 6: Phoenix Drone User Group 

recommended operation areas 

Figure 7: B4UFly and Know before you Fly website 
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provided an avenue to identify and reach out to hobbyists and other untrained users interested in 

low cost UAS technology. By educating the public about general hazards and specific local areas 

where UAS operation is especially dangerous (i.e. near airfields), the number of UAS operating 

in locations where the untrained operators are not permitted to fly can be reduced.  

Another avenue to reducing hazards associated with UAS is to implement technology that 

can override the operators control ability in order to prevent accidents. One example of this is to 

install ñsee and avoidò technology used in other aircraft systems to react to an impending 

collision by either warning the operator or initiating an avoidance maneuver to prevent an 

accident (Insinna 2014). These systems primarily operate on transponder signals which UAS are 

currently not required to carry. This technology, however, could be expanded to include other 

sensors (RADAR, LIDAR, etc) that could detect a UAS at a limited range and provide input to 

maneuver to avoid a collision. This enables aircraft to identify and avoid other aircraft that are 

not required to carry transponder equipment.  

Another technology that could reduce risk is geofencing. One method of geofencing uses 

software onboard the UAS to limit the locations where it is allowed to fly (DJI 2015), thus 

creating a virtual fence. This could be used to limit the altitude of a UAS or prevent a UAS from 

unknowingly entering controlled airspace. This would help prevent untrained individuals from 

operating in airspace that requires training, specific equipment, and/or communication with the 

airspace controllers.  Additionally signal jammers in an array could be used to actively prevent 

UAS from flying in a certain areas creating area denial with a physical fence of signals. 

  

Figure 8: DJI Geofencing Screenshot and Area Denial tools 
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CHAPTER 3: METHODOLOGY  

By evaluating the overlapping areas of FAA airspace and likely UAS usage we can assess 

high risk areas that would benefit from a UAS mid-air collision awareness education efforts. In 

order to assess these areas we need to compile data, create usage area maps, and assess overlap. 

From these overlapping areas we can rate as high, medium, and low risk. Additionally, UAS 

interest areas can be identified within these regions to determine locations to which solutions 

could be localized. This is based on a property boundary approach. For this study we selected 

public parks. Each park is assigned a score for risk and a score for interest. This process enables 

comparison between parks on common scale. The risk score is calculated independent of 

reported incidents in order to test how well the risk assessment is against reported incidents.  

 

Methodology Flow 

1. Identify FAA airspace structure. In order to understand the impacts of UAS on 

commercial aviation we will clearly delineate airspace structure with:  

Figure 9: Methodology Flow for Interest and Risk Score 
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a. Airfields (Points)ï from FAA Airport database 

b. FAA Airspace (Polygon Feature Set) ïfrom FAA Airport database 

2. Identify UAS Potential Sites: Using criteria based on points of interest, 

proximity to water, and elevation variation we will points with a 0-3 score (1 

point maximum for each criteria found at site)  

a. Parks (Polygons)- delineating public land areas available for recreation  

b. Points of interest (Points) ï downloaded from municipal GIS database 

with areas of interest or built from another source 

c. Bodies of Water (Polygons) ï downloaded from USGS identifying 

water 

d. Elevation (Raster) ï buffer analysis based on high elevation points and 

maximum flight range and set in ft with a projection to the local 

coordinate system 

e. Landcover (Raster) ï Overlap analysis of open space or undeveloped 

space. Using overlap with open areas and parks. 

 

3. Overlap FAA Airspace and Potential recreational sites 

a. Identify areas to increase education efforts (Point Shapefile) 

4. Data Validation 

a. Identify known areas of high incidents using 2014-2016 UAS incident 

reporting at each airport 

b. Airports (Point Shapefile) and UAS incidents (Table) statistical 

analysis 

c. Park polygon with Risk and interest score statistical analysis.  

 

 

 

 

 

 

DATA COLLECTION 
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In order to understand risk associated with commercial 

aviation the first step is to collect and prepare data for analysis.  

Primary to our analysis is the property boundary that will be 

used. Our selection for the scope of this research is public park 

boundaries but could be another political or geospatial boundary.  

FAA Airspace and Airports: Class B, Class C, Class D, Class 

E Airspace is available with regular updates from the FAA 

geospatial library (National Flight Data Center (NFDC) 2016). This 

data will include airports, FAA operating airspace, and terminal 

departure and arrival corridors. The data also includes a field for 

minimum and maximum elevation for each Airspace class. Airport 

Fields required will be the three letter Airport Identifier (i.e. PHX 

= Phoenix International).  

A basic hydrography dataset 

including permanent streams and bodies of 

water will enable location proximity to 

water. This data is available to download 

from the USGS National Map Viewer 

(USGS 2016).  

Points of interest will are required 

to establish proximity to areas that could 

attract UAS operators. There is a variety of 

places. A web search for the area may have 

areas of interest or this could be manually 

created.  

Elevation data will also be necessary for the area of interest available from the USGS 

National Map Viewer (USGS 2016).  

The final initial data collection includes the UAS incident reports consolidated for the 

area of interest. This is a national database maintained by the FAA and will require some 

consolidation to get the complete data since 2014 when collection began. This data will have to 

be adjusted to include an Airport Identifier column to allow a join with the airport dataset. Each 

Arizona Statewide UAS 

Incident Summary 

2014 2015 2016 

Chandler 0 1 1 

Deer Valley 0 2 3 

Falcon Field 0 7 3 

Glendale 0 4 0 

Goodyear 0 0 1 

Phoenix-Mesa Gateway 0 5 5 

Phoenix International 0 7 14 

Scottsdale 1 4 7 

Table 1: FAA Incident Reports 

Figure 10: Sample Initial 

Data 
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incident includes a description of where the incident occurred that usually includes the airport 

identifier, however some cases require more reading to assess the location. A sample for the 

State of Arizona is included in the attachments. Data is available from the FAA at 

https://www.faa.gov/uas/resources/uas_sightings_report/ (Federal Aviation Administration 

2017).  

 

EVALUATION 

Data Preparation 

After data was compiled it was prepared for analysis by selecting common projection 

systems and spatial reference. Airspace polygons were combined into a feature set with polygons 

organized by airspace class. Multiple park shapefiles were combined into a single feature set. 

Points of interest were also combined into a single point feature. To aid in processing elevation 

raster was limited to extent of airspace features. 

Elevation Categorization of Parks 

Elevation interest was categorized based on 

maximum elevation change within each park. 

Increased scores identify parks with greater interest 

due to large elevation differential. Once data was 

compiled, zonal statistics tool was used to identify 

maximum and minimum elevation within the park 

polygons. The Zonal Statistics or Zonal Statistics as 

Table tools uses an input zone and raster data to calculate spatial characteristics within a defined 

zone ( Environmental Systems Research Institute, Inc. 2016). Using the elevation raster and the 

park polygons we located the highest and lowest elevation in the park boundaries to identify the 

point where the longest view may be possible. This elevation profile was used to assign a score 

to different parks since a varied topography is one factor identified to locate UAS interest.  

 

 

 

 

Table 2: Elevation Score 

Elevation Differential Score 

0-10 ft Change 0 

10-50 ft Change 0.4 

50-200 ft Change 0.7 

200 ft + Change 1.0 

https://www.faa.gov/uas/resources/uas_sightings_report/
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Delineating UAS Effective Range 

Establishing the possible range of small UAS based on maximum legal operating range 

allows this project to assess the 

surrounding airfields and areas that 

are effected by small UAS. Buffer 

analysis creates a set range in every 

direction to create a polygon where 

overlapping risk and interest are 

assessed. This extends range of UAS 

systems that are not bound to property 

lines on the surface. Buffer analysis 

extended the typical maximum range 

of UAS systems to address how they 

overlap with other areas. While view 

shed analysis could approximate the 

line of sight control more 

appropriately, the maximum effective range is often much less due to power requirements and 

battery capacity. Several popular systems have demonstrated range in excess of 4 miles. Table 3 

illustrates the maximum range of several popular drones on the market. We used five kilometers 

as the maximum range of the drones for this analysis. It is important to note that this generally 

exceeds the legal distance to maintain visual contact with the drone based on the maximum 

threshold range according to Watson (Watson A 2009). Using his formula for alpha:   

 ςz ÔÁÎ
ὡ

ςὙ
 

Where W= 0.5 meters a conservative average wingspan (most are smaller) and R is the threshold 

range, a is the angle that our eyes can distinguish. Watson adjusted his formula due to research 

methods with an image of an aircraft on a screen. For our purposes we can use the 20/20 vision 

average person a=0.016 degrees (NDT Education Resource Center 2014). The resulting 

threshold range limits the theoretical acquisition range to R @ 1720 meters. While this could be 

an effective range to use as a buffer, we observed that risk is better calculated assuming that 

people are not following the regulation. 

UAS Brand Name and Model 
Reported Max Range 

(FCC Compliant) 

DJI Phantom 3 Advanced 5 km 

DJI Phantom 2 Professional 5 km 

DJI Phantom 4 5 km 

DJI Inspire2 7 km 

DJI Inspire 1 5 km 

DJI Mavic 7 km 

Parrot AR 2.0 50 m 

Yuneec Typhoon 1.6 km 

Yuneec Typhoon 4K 1.6 km 

Yuneec Tornado 700 m 

GoPro Karma 3 km 

Table 3: Popular Small UAS Models 
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 Using the Buffer Analysis tool we calculated a temporary feature set including both the 

area of the park as well as the buffer beyond the boundary ( Environmental Systems Research 

Institute, Inc. 2016).  

 

Identifying Intersecting Interest and Risk Areas 

Since small UAS are not tied to property lines we can assess the overlapping areas of the 

maximum effective range with both areas of risk and areas of interest. By quantifying the amount 

of overlapping area we can score the effective risk or interest. For example, a park may not lay 

underneath high risk airspace, but the effective range of a small UAS could increase risk if the 

maximum effective range intersected airspace nearby.  

The overlap of the 5000 meter buffer areas and the airspace boundaries was calculated 

from the amount of overlap a given buffer has with any surrounding airspace from surface to 700 

feet. The total area of overlap was then added to the park feature as a field for each airspace type. 

Using the Tabulate Intersection tool we created a temporary feature set with a total area of 

overlap for each park will any airspace area. The resulting area was then divided by the whole 

area of the buffer to get a fraction of the possible flying airspace with FAA airspace. This 

number was then assigned to the area score for risk.  

The overlap of the buffers with adjacent airfields is also an important risk factor. This 

was calculated using the Tabulate Intersection tool with the Airport point feature resulting in a 

count for each buffer area. This count is then adjusted to be on a 0.0-1.0 scale for a maximum 

score of 1.0 and is assigned to the airport risk field. 

The overlap of water, points of interest, and land cover was also calculated in a similar 

manner using the park boundary and the POI, water, and land cover datasets. The Tabulate 

Intersection tool output with the bodies of water feature results in an area of overlap. Any park 

with water inside the boundary received a score of 1.0 or 0 for no water. Points of interest were 

calculated the same with 1.0 meaning there was at least one point of interest in the boundary, and 

0 of there were none. Additionally land cover was a 1.0 for open land and 0 for developed. 
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To calculate the final score for risk we used a multiplier of 2.0 

for airspace overlap and 1.0 for airport proximity. This means that the 

risk of flying FAA airspace is more significant than the risk posed by 

a private or lesser used airfield. These scores are then added together 

for a maximum score of 3.0. This would theoretically happen if 100 

percent of the buffer area were inside FAA airspace and there were the 

maximum number of airfields were also inside this buffer. Realistically 

speaking this would essentially mean to be flying very close to an 

airport. Airports with FAA airspace generally have 4 nautical miles 

(7.4 kilometers) surrounding the airport. This is a very high risk area to 

fly.  

The interest score is calculated by adding the sum of the 

resulting elevation, POI, and water fields. Each of these are have 1.0 

multipliers which give a theoretical maximum of 3.0. This allows a 

high/low scale to be similar when viewed next to the risk high/low 

scale.   

VALIDATION 

The final assessment after selecting the regions where proposed education efforts are 

necessary was to compare education sites with reported incidents. In order to assess how well the 

methodology worked we compared the high risk/high interest sites to the known. My hypotheses 

was that where there have previously been incidents, there will be sights in close proximity to 

those areas.  

 

CHAPTER 4: RESULTS 

Preliminary results using Phoenix, Arizona and the surrounding regional airports 

identifies several locations where increased education efforts are in close proximity to areas 

reporting several incidents in the UAS encounter dataset. Initial data preparation included 

downloading available data and projecting all datasets into a common spatial reference. All data 

saved in the primary dataset uses an NAD 1983 UTM 12N. Preliminary research used park 

FID 

Shape 

NAME 

JURIS 

TYPE 

Shape_Length 

Shape_Area 

Water_Area* 

Near_Water_Score* 

Elevation_Score* 

InterestPoint_Score* 

Open_Space* 

AirspaceOverlap_sqMeter* 

Area_Score* 

Airfield_Count* 

Airfield_Count_Norm* 

Risk_Score* 

UAS_Interest_Score* 

Table 4: All Fields of 

the parks feature 

class 
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boundaries from the City of Phoenix. Attempts to create a complete set of parks from all the 

municipalities in the area was fruitless due to data sharing rules by several of the cities.  The 

final features used were downloaded from the AZGEO Clearinghouse (AZGEO Clearinghouse - 

Central Arizona Project 2013) encompassing the entire state of Arizona, but were reduced 553 

parks in the Phoenix area. This change in datasets resulted in different parks and may not contain 

all of the parks in the valley, however it is a more complete set than was readily available. 

Initially the park boundary database was updated to include several fields necessary to link UAS 

interest and risk for each park boundary in the dataset. Added fields included are shown in Table 

4. Many of these fields are intermediate steps to define the overall interest and risk.  
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ASSESSING INTEREST 

The first step in identifying the UAS interest and FAA Airspace risk was to characterize 

the elevation profile in each park. Using the Zonal Statistics as Table tool a minimum and 

maximum elevation was assigned to each park by extracting the elevation from the elevation 

raster. This table was used to characterize the elevation profile in the park to assign a score to the 

Elevation score field according to Table 1. The results of this analysis are represented below in  

Figure 7. Figure 7 shows the elevation values with park boundaries and FAA airspace overlays. 

Due to the largely flat area the majority of the parks received a score of 0. The parks around the 

isolated peaks will result in pockets of higher interest. 

 

 

Figure 11 : Elevation with Park Boundary Overlay 

Elevation with Park Boundary Overlay
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Elevation with Park Boundary Overlay
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The second attribute in the interest category was assessing points of interest. These data were 

compiled from groups of points of interest from the City of Phoenix, AZ and the Arizona Drone 

Users Group. They encompass a list of sites that are possibly of interest to operators of UAS. 

They are shown below on Figure 8. There are 119 points varying from museums, zoos, sports 

fields, and landmarks. These are also not all encompassing as there may be other landmarks that 

merit consideration, however, they do encompass the entire area. There are clusters of points that 

result in higher areas of interest that tend to be centered near higher population density. The 

scores assigned to parks based on proximity to parks are binary. Initially each point of interest 

was counted as one point causing the few parks with more than one point to stand out. 

Additionally, we assessed that the difference between no points of interest and one point of 

interest was more substantial that if there were more than one point of interest.  

Figure 12: Points of Interest 

Sources: Esri, DeLorme, USGS, NPS, Sources: Esri, USGS,
NOAA

Point of Interest Distribution

Park Boundary XY Points of Interest


















































