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ABSTRACT

Development of unmanned aerial systems (UAS) in recent years hasfiatethe
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 ptestablishes regulations for small UAS,
however, a perceived increase in incidents with aircraft has heightened concerns for hazards
associated with small UAS. Using reporting of encotawgth small UAS from 2012016 a
workflow focusing education eff@tto 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 higlsafetyrisk to traditional aviationThe intent$ to develop a workflow to find

places where educatiatrategies 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@iaft) 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 createsreew

generatiorof operators

who have largely been
unfamiliar with aviation

regulations and have extded the use of UAS

beyond tle previously established areas. This
has encroached upon airspace used by priVaFigure 1. UAS smartphone controller and U#
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 hase@me 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 realtime measurement of weather, congestion, and even birds. GPS systems have helped



improve navigation techniques allowing more aircraft to operate safely withoebsing
airspace.

Understanding the nature of the UAS hazard is an important part in reducing tiéesk.
low cost and ease of operagismall UAS opens a small part of the world of aviation to users
who may lack the procedural knowledge of safe arspperations 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 Appendi) to identify clusters of higincident rate$hoenix, AZwas selected due
to its proximity to Northern Arizona University and duster of airports with a high incident
reports. Additionallythe number or airports with high traffic in a close proximity allows for a

complex environrant to test the hypothesis.
SCOPE

This project will be based on mishap data collected by the Federal Aviation
Administration in the United States from 202@16. The scope of this project is to identify and
evaluate small UAS riskRJAS interestareaswill be identifiedbased on operatiacapabilitiesof
commercially available small UA&dlandmarks and features that would attract UAS usage
near airfields and transportation corridors used by manned aif&iraftace around the major
airports of Phoenix kernational Airport (PHX), Phoenix Deer Valley (DVT), Phoenix Goodyear
(GYR), Phoenix Mesa Gateway (IWA), Glendale (GEU), Scottsdale (SDL), and Chandler
(CHD) as well as smallgarivate and uncontrolled airfields were assessed. The intentisate
a madel that can be used in other areas around the cowittryninor modifications
Identification of usage areas will allow for targeted regulation and mitigation strategies to be
implemented. HowevelJAS regulation and mitigation effectiveness is not themary focus of

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

CanUAS interest areas be identified based on geospatial fe@tures

Can UAS risk areas be based on geospatial features withowgnhogports?

8



Are thereareas in a city where UAS interest araes concentrated?
Can areas of higher concentrations be identified rvejtlorted UAS inciden®s

Can technology provide a method to reduce hazardous UAS activity?

CHAPTER 2: LITERATURE REVIEW

The following review addresses UAS technology to identify the capab#ditids
limitations of UAS control. Additionally it addresste® regulation efforts by the FAA to
regulate that control, and areas where precise control is important (i.e. how Fpacaiveorks
and where UAS fly).

UASTECHNOLOGYDEVELOPMENT

The basic idea ofumanned aviation is not a new concegt is itunique to last decade.
While the popularity and usage demands hragentlyincreasegdthe principles of unmanned
aviation go bak 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 1o order
study how UAS can be hazardous to manaetion.

Unmanned Aerial Systems asemewhatnisnamed as they are controlled by a living
person every bit as much s callednanned aircraft. While current developments in
automation may change the naturehef contro]l 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 tbm. The air vehicle can be as small as a few ounces to a large as commercial
airliners and desigadwith a variety of sensors that are carried and used for purposgiag
from law enforcement to agriculture and natural resource managebhenground control
apparatus can also vary widely from a smart phone or tablet to a contral afgt@ratus with
multiple screens used for navigation and payload coritr@arly UAS, he 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 ete an uninterrupted signal would travel in a
straight line through the air to tifiging vehicle. The controller would have to have visual



contact with the air vehicle in order to give appropriate cont@istent technology now uses
technology from celllar phones and satellite communications to control the air vehicle. These
new technologesallow for beyond line of sighdasthe signakcanbe relayednore robustly

through cellular towers or satellitesad allow fotwo way communicatiobetweerthe air
vehiclesto the control apparatus. These new development®njunction with cheaper systems
increased both the capability and popularity for commercial and recreationihedeAA

initially allowed UAS to operate on a limited basis under waiversigndred smaller

recreational UAS which were not initially expected to interfere wiimnecaviation.

FAAAIRSPACE

LAS VEGAS CLASS B

NAVAID identifier and
from

di
»S20 NM facility (TAC Only).

/AID
radial from
(TAC Only).

i Jn
§

FOR FLIGHTS AT AND BELOW
8000’ MSL. SEE KANSAS CITY
VFR TERMINAL AREA CHART

WAC only

B0 - ceiling of Class B in hundreds of feet MSL
A - Floor of Class B in hundreds of feet MSL

(Floors extending “upward from above" a certain
altitude are preceded by a +. Operations at and below
these altitudes are outside of Class B Airspace.)

CTC LAS VEGAS APP
ON 121.1 OR 257.8
TAC only

See NOTAMs/Directory
for Class D eff hrs

| Sce NOTAMS/Directory for
Class D/E (sfc) eff hrs o~

(A minus in front of the figure is used to
indicate “from surface to but not including...”)

ALTITUDE IN HUNDREDS OF FEET MSL

Not shown on WAC

3 ‘ : 'é‘ Airports having control
Figure 2: Phoenix, AZ Airspace excerpt from FAAR/Ehart towers (CT) are shown in

blue, all others are shown

in magenta.
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AIRSPACE CLASSIFICATION The FAA classifies

FL 600

5 o st airspace int@ix main classes.

Each class has different control
procedures that provide safe
Class E

operation. All butlassG also

require the ability to

— (\_/1 communicate with air traffic
:‘_ ‘‘‘‘‘ ChaSE control and require a license to
1200' AGL 200" AGL 1200' AGL Transition Area with .
- - st I operate inAreas rear busy
- =
: / airspace or areas with airfields
Airggrrt‘:m:orﬁ? an Class E N:r:a::wirizr:r:‘:m in Close prOXImIty the alrspace
Instrument Approach Surface Extension with Instrument Approach

can be complexas seen in
Figure 3: Airspace Diagram from

https://www.faa.gov/air_traffic/flight_info/aeronav/digital_proc Figure 1.An excerpt of the
ts/aero_guide/ legend is showto the right

with some of the pertinent
information. The full legend publishedth 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 cread a much simpler interface for locating hazards as shown in Figure 2
a mobile phone application called B4UFLWhile this interface is clearer is oversimplifies busy
airspacgFederal Aviation Administration 2016)

Class A airspace is medium to higltitude airspace from 18,00€et above mean sea
level (FL 180)to 60,000 feet above sea leyEL 600) This is generally used by large
commercial aircraft and high performance military aircraft and it is beyoraltihederange of
small UAS systemsurrently 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 nlowvadd in these areas.

Class C airspace surrounds smaller commercial or military airfields and usually has a
tiered range of contrétom two-way radio communication to identification equipment

Class D airspace surrounds small airfields that contain aotéoiver to moderate traffic.

11



Class E airspace is the largest amount of airspace generally gp00deket above the
ground to 18,000 above sea level. Most civilian and general aviation aircraft fly in class E
airspace. It can also incorporate areasiadaairfields 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 grourgD@féet above
the ground. This is the realm where small UA® generally operatgFAA 2016)Airspace
below 1,200 feet will be the focus of ihanalysis and only the airspace components from surface
to 1,200 feet will be usedh this research.

HISTORY OFREGULATIONIMPLEMENTATION

UAS have been operating onimited basis for decades with varyilayels of
sophisticatiorof systems from small hobby aircraft to larger military aircraft developed as aerial
targetsto operate in restricted areas. Recent developments in technology and commercial
applicationan UAS has increased the desire to expand operations outside the regimes of low
altitude (radio controlled hobby aircraft) and restricted airspace (military airecraf@ssitating
regulatory guidance that would protect commercial and private aviation. Witheghawiation
also expandinghe need to integrate UAS into the National Airspaggte&Sn(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 forRederal Aviation Administration (FAA).

In February of 2012 Congress passed the FAA Modernization and R&&bmh 2012
which appropriated funding for future reforms requested to modernize the NAS infrastructure.
Additionally, the bill mandated the FA# 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 FAAatibnalAeronautics and Space Administratiamd the
Department of Defese published a report to Congress outlining recommendations for the way
forward (JOINT PLANNING AND DEVELOPMENT OFFICE (JPDO) 2013 2013 the FAA
published the first edition of tHategration of Civil Unmanned Systems (UAS) in the National
Airspace $stem (NAS) Roadm&p.S. Department of Transportation Federal Aviation
Administration 2013) that outlined the way forward. These documents constituted the initial

motivation methodsand policies expanding UAS usage outside of limited areas. This plan

12



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 developmerdf UAS by nongovernmental agencieAreas were definedytthe FAA
designating UAS testing airspace that was clear of cumanned aitraffic to be used for
research and development.

Additionally,po | i ci e ssmad d a rtUAiISrog hfad al ready become
2015 the Notice of Proposed Rulemaking (NRR(Federal Aviation Administration 2015)r
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 cleasf people on the groundnda maximum altitude of@D feet above the
ground. Operation in presently defthAS 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
regulationgFederal Aviation Administration 201%)ere createdequiring regigration of all
UAS, regardless of sizéy 19 February 2016. Future actigsian toincorporate regulations for
larger aircraft operating at altitudes in conjunction with manned aviation as well as a plan for
airfield designations, training and maintenanesdifications, and minimum requirements for

operationgU.S. Department of Transportation Federal Aviation Administration 2013)
RISK ANALYSIS

To understand the risk posed by UAlds practicuminvestigats risk based on the FAA
Safety Analysis Procsesapplied to small UAS. Identifying, evaluating, and resolving issues will
provide a pathway to reducing ridientifyingrisk at a precise location requirdata collection
beyond the current systemhig imprecise location for reporis a significantimitation of that
data we haveCurrent eporting iscollected 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 incidenbasedn thedirection from thenearest airfieldather than
exact positionBecause 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 contaning reports at a given airfiel@Federal Aviation Administration 2017)he 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 touterslof airports with high
occurrences and second, a frequency based on airport usage. Anothes facwaluate

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 sphfrequency of the occurrences. Lastygsolution
analysiswill be conductedo provide suggested mitigation specifically to the spatially located

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

MiD-AIR COLLISIONAVOIDANCE (MACA)

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

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

(USAR o educate |
SOUTHERN COLORADO '

MID-AIR COLLISION

civilian pilots flying at piad
airfields near USAF

opeamting areagbout

PAMPHLET

West N. Arrival & Departure Corridor

the local operations - vt T = S
that might be . samu e T T
Memorial Park oy,
aﬂ/l‘/r,‘&.
encounteredVIACA g
programs include Figure 4: Examples of Current
MACA products 10 miles

images of aircraft at

different scaleandspecific locations of operations including training routes as well as Air Force
recovery landmarks. The purpose was to helpians 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 establishedhway. Within 50 miles of an Air Force airfield flying units are

legally required to create and manage a MACA progidB1AIR FORCE Safety Center 2016)

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

be as simpl@s locating airports within a certain range but locating specific high use and high

risk areas.
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UASINTERESTAREAS

While MACA programs utilized distance from flying units to implement their risk
mitigation strategies, small UAS are not limited to foraudields. 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, howevethereare many recommendations from enthusiast and UAS groups who
make recommendations to new UAS operatidgch of the focus of tharticles is to inform
readers where to avo({@SRI and Geiling 2015)hile others provide recommendations for
specific areag which to fly. Hivemapper is a startup company using aerial videded to
visualize the eartfHivemapper 2016)They suggedtying locationsas do several electronics
retail ers sudBaguleys20l8®o mdéds Gui de

A qualitativereview categorizinghe main attractionf the 100 Best Placés Fly in the
United Stateg¢Baguley 2016)dentifies common features that may increase the sttefdlying
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 landownes

the primary recommendation as

many recreational UAS carry

small cameras and a subject to

film carries a significant draw

for UAS operatorsSecond

proximity to a body of \ater B -

This could be due to a lack of Over Water Point of Recreational Group of Elevation  Forest
Interest Trail People
obstructions as well as a subjec

to film. The third category IS rjg e 5: Qualitative Analysis an€ategorization of UAS
areas with significant elevation Recommendations

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

15



sight control as well asrpvides scenic views to filnkRecreational trails, forest, and a group of
people with a shared interest were also observed, although at much lower freqiiéhibées.
further academic research is neettetietter understand the characteristics of UAS istere
areas most recommendations fit into at least one these three factors.

Anecdotalrecommendations from Phoenix

area retailers and operators from a review of soci|
media postings from the Phoenix Drone User Gr
also suggest that spatrefly, or openand,is
significant. In a similar manner to watareas £
where a lack of vertical vegetation has appeal to ' % RS
userg(Phoenix Area Drone User Group 20118)a Figure 6: Phoenix Drone User Group
desert environment the vertical obstruction may brecommended operation areas

more from marmade 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 reducesdfetyrisk while also allowing for small
UAS use. Onaignificant 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

Surprise
P Fountain Hills

il Glendale

=

Litchfield Park

L v _

v L 10J Mesa Aj
SO KNOWE Y e

Figure 7: BAUFly and Know before you Fly website

Scottsdale
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provided an avenue tdentify andreach out to hobbyists amtheruntrainel usersinterested in

low cost UAS technology. By educating the public about general hazards and specific local areas
where UAS operation is especiatlgngerougi.e. near airfields)the number of UAS operating

in locations where thentrainedoperatorsarenact permittedto fly can be reduced.

Another avenue to reding hazards associated with UAS is to implement technology that
can override the operators control abilityorderto prevent accidents. One example of this is to
install isee and avoitechnology used in other aircraft systems to reachtongpending
collision byeitherwarning the operator or initiating an avoidance maneuver to prevent an
accident(Insinna 2014)These systems primarily operate on transponder signals which UAS are
currenty not required to carry. This technolqdyowever could be expanded to include other
sensorgRADAR, LIDAR, etc) that couldletect a UAS at a limited rangad provide input to
maneuver to avoid collision This enables aircraft identify and avoid dter aircraft that are
not required to carry transponder equipment.

Another technology that could reduce risk is geofendge method of gofencing uses
software onboard the UAS to limit the locations where it is allowed t®fly 2015) thus
creatinga virtual fenceThis could be used to limit the altitudéa UAS or prevent a UAS from
unknowingly entering controlled airspace. This wolddp prevent untrained individuals from
operating imairspacdhatrequirestraining, specificequipmentandbr communication with the
airspace controllersAdditionally 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.

€l Cannot take off RGPS ) &5 @il Ho.l BA7

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

By evaluating the oerlapping areas of FAA airspace and likely UAS usage we can assess
high risk areas that would benefit from a UAS raidcollision awareness education efforts. In
order to assess these areas we need to compile data, create usage area maps, andassess overl
From these overlapping areas we can rate as high, medium, and loxddglonally, UAS
interest areas can be identified within these regions to determine locations to which solutions
could be localizedThis is based on a property boundary approBohthis 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 tdsiw wdl the risk assessment is against reported incidents.

Figure 9: Methodology Flow for Interest and Risk Score

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:
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a. Airfields (Points) from FAA Airport database

b.

FAA Airspace (Polygon Feature Séfjom FAA Airport database

2. Identify UAS Potential Sites: Usg criteria based ogpoints of interest,
proximity to water, ane@levation variatiorwe will points with a €3 score (1

pointmaximumfor each critea found at site)

a.
b.

Parks (Polygons)Xelineating public land areas available for recreation
Points of interest (Point§)downloaded from municipal GIS database
with areas binterestor built from another source

Bodies of Water (Polygon$)downloadedriom USGS identifying

water

Elevation(Raster)i buffer analysis based on high elevation points and
maximum flight rangeand set in ft with a projection to the local
coordinate system

Landcover (Rastei) Overlap analysis of open space or undeveloped

spacelsing overlap with open areas and parks.

3. Overlap FAA Airspace and Potential recreational sites
a. ldentify areas to increase education efforts (Point Shapefile)
4. Data Validation
a. ldentify known areas ofigh incidents using 2012016 UAS incident

reportingateach airport

Airports (Point Shapefile) and UAS incidents (Taldtgtistical
analysis

Park polygon with Risk and interest score statistical analysis.

DATACOLLECTION
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In order to understand risk associated with commercial

=1 3 PHX .mdb
aviation the first stes to collectand prepare data for analysis. = Eﬂgwace
. . . L) Airport
Primary to our analysis is the property boundary that will b [E) ClassB
used. Our selection for the scope of this research is public park (B ClassC
nﬂ;l ClassD
boundaries but could be another pottior geospatial boundary. [E) ClassED
. . [E) ClassEs
FAA Airspaceard Airports:Class B, Class C, Clagy Class _ ﬁédma;;phy
E Airspace is available with regular updafiesn the FAA = Stream
. . . . |El| WaterBody
geospatialibrary (National Flight Data Center (NFDC) 2018his =) 30 Parks
il i i i ; ; [E) Parks_azgeo
data will include airports, FAA operating airspace, and terminal (] PHX_DUG
departure and arrivabrridors.The data also includes a field for ) POl
. ) ) ) i [**] Points_of_Pride
minimum and maximum elevation for each Airspace class. Airpor ArizonalAS

Fields required will be the three letter Airport Identifier (i.e. PHX_~ ® 8 PHxelev
Figure 10: Sample Initial

= Phoenix International) Data
A basic hydrography dataset Tablel: FAA Incident Reports
. . : .
including permanent streams and bodies N rizona Statewide UAS 1 20141 2015 2016
water will enabldocation proximity to ,
Incident Summary
water. This data is available to download Chandier 0 1 1
from theUSGS National Map Viewer
Deer Valley 0 2 3
(USGS 2016) :
_ _ _ _ Falcon Field 0 7 3
Points of interest will are required
) o Glendale 0 4 0
to establish proximity to areas that could
. , r 1
attract UAS operators. There is a variety of Goodyea 0 0
places. A web search for the area may havlghoenlxMesa Gateway | 0 S S
areas of interest or this could be manually Phoenix Interational | 0 7 14

Elevation data will also be necessary for the area of interest available from the USGS
National Map ViewekUSGS 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 beganatBhgltihave to

be adjusted to include an Airport Identifier column to allow a join with the airport dataset. Each
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incident includes a description of where the incident occurred that usually includes the airport
identifier, however some cases require nregeing 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 rtefederal Aviation Administration

2017)

EVALUATION

Data Preparation

After data wa compiled itwasprepared for analysis by selecting common projection
systems and spatial reference. Airspace polygarecombined into deature set with polygons
organized by airspace class. Multiple park shapefilesecombined into a single feature set.
Points of interesivere alsccombined into a single point feature. To aid in procesdimgation

rasterwaslimited to extent of airspace features.

Elevation Categorization of Parks Table2: Elevation Score

Elevation interest was categorized based on Elevation Differential Score
maximum elevation change witheach park. 0-10 ft Change 0
Increased scores identify parks with greater interest 1050 ft Change 02
due to large elevation differenti@nce data wa
compilal, zonal statistics tookasusedto identify 50-200 ft Change 0.7
maximumand minimumelevation vithin the park 200 ft + Change 1.0

polygons. The Zonalt&tisticsor ZonalStatistics as

Tabletoolsusesan input zone andaster data to calculate spatial clidesistics within a defined
zone( Environmental Systems Research Institute, Inc. 2Q1€ing the elevation raster and the
park polygons wéocatedthe highesaind lowestelevation in the park boundaries to identify the
point where the longest view may be possiblas elevation profilavasused to assign a score

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

Establishing the possible range of small UAS based on maximum legal operating range
allows this project to assess the Table3: Popular Small UAS Models

surrounding airfields and areas that | UAS Brand Name and Mode Reported MaX.Rang(
are effected by small UABuffer (FCC Compliant)
analysiscreates a set range in every DJI Phantom 3 Advanced 5 km
direction to create a polygon where DJI Phantom 2 Professional 5 km
overlapping risk and interest are DJI Phantom 4 5 km
assessed. Thaxtendsrange of UAS | DJI Inspire2 7 km
systems thadrenot bound to property DJ! Inspire 1 5 km

lines on the surface. Buffer anallys | DY Mavic 7 km
extenadthe typical maximam range | Pamot AR 2.0 50 m

of UAS systems to address how they Yuneec Typhoon 1.6 km
overlap with other area$vhile view Yuneec Typhoon 4K 1.6 km
shed analysisouldapproximate the | Yuneec Tornado 700 m

line of sight control more GoPro Karma 3 km

appropriately, the maximum effective range is often much less due to power requirements and
battery capacity. Seral popular systems have demonstrated range in excess of 4Tialik=3
illustrates the maximum range of several popular drones on the maikeised five kilometers
as the maximum range of the drones for this analysis. It is important to notaslugriérally
exceedthe legal distance to maintain visual contact with the drone based on the maximum
threshold range according to Watgdviatson A 2009)Using his formula foalpha:
NP

| ¢zOAI oy
Where W= 0.5 meters conservative averagengspan(most are smat) andR 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 persoa=0.016 degree@\NDT Education Resource Center 201%he resulting
threshold range limits the theoretiealquisition range to R1720 meters. While this could be
an effective range to use as a byfiee observed that risk is better calculated assuming that

people are not ftowing the regulation.
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Using the Buffer Analysis tool we calculdta temporary feature set including both the
area of the park as well as the buffer beyond the bouridaryironmental Systems Research
Institute, Inc. 2016)

Identifying Intersectingnterest 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 effectigk 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 bufeeas and therapace boundariesascalculated
from the amount of overlap a givenffer has with any surrounding airspdcem surface to 700
feet The total area of overlapasthen added to the park feature as a field for each airspace type.
Using the Tabulate Integstion tool we creatka temporary feature set wightotal area of
overlap for each park will any apace area. The resulting areaswsen divided by the whole
area of the buffer to get a fraction of the possible flying airspaibeFAA airspace. This
number wa 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 eachouffer area. This count is then adjusted to be on-4.0.@cale for a maximum
score of 1.0 and is assigned to the airport risk field.

The overlap of watepoints of interestand land covewas also calculated in a similar
manner using the park boungand the PQIlwater, and land covedatasets. 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 O 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 non@dditionally land cover was a 1.0 for open land and O for developed.
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To calculate the final score for risk we used a multiplier of 2 T5pje4: Al Fields of

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

class
risk of flying FAA airspace is more significant than the risk posed L,

. - ID
a private or lesser used airfield. These scores are then added toge Er?e':pe

for a maximum score of 3.0. This would thetically happen if 100  [NAME

percent of the buffer area were inside FAA airspace and there Werfﬁ]_%{}';
maximum number of airfields were also inside this buffer. Realisticadiyape Length

speaking this would essentially mean to be flying very close to an |[Shape_Area
] ) ) ) ) ) Water_Area*
airport. Airports wih FAA airspace generally havienautical miles Near Water Score*

(7.4 kilometers) surrounding the airport. This is a very high risk aregdeigyation_Score*
InterestPoint_Score*

ﬂY- Open_Space*
The interest score is calculated by adding the sum of the  |AirspaceOverlap_sgMete
resulting elevation, POI, and water fields. Each of these are have 1/geascore

Airfield_Count*
multipliers which give a theoretical maximum of 3.0. This allows a |Airfield_Count_Norm*
Risk_Score*
UAS_Interest_Score*

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
necessaryasto compareaducation sites with reported incideritsorder to assess how well the
methodology workd wecompare the high risk/high interest sites to the known. Mgpotheses
was that where there have previously been incidents, there will be sightsarpobadmity to

those areas.

CHAPTER 4: RESULTS

Preliminary results using Phoenirizona and the surrounding regional airports
identifies several locations where increased education efforts are in close proximity to areas
reporting several incidents the UAS encounter datasétitial 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 P2&liminary research used park
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boundariesrom 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 weddwnloaded from thAZGEO ClearinghousfAZGEO Cleamghouse

Central Arizona Project 2018ncompassing 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 mooenplete set than was readily available.

Initially the park boundary database was updateinclude several fields necessary to link UAS
interest and risk for each park boundary indhtaset. Added fields included are showiiatble

4. Many of these fiels are intermedta steps to define the overall interest and risk.
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ASSESSINGNTEREST

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 Tabla moioimum 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 fieldiccording to Table 1. Thesults of this analys&re represented below in
Figure7. Figure7 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 paks will result in pockets of higher interest.

Elevation FAA Airspace SFC--700
- 7500

- 500

Park Boundary

0,025  [025.05  [050.75)
Elevation_Score

Histogram of Elevation Results

[0.75: 1]

Figure 11: 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 tzerfsr Drone

Users Group. They encompass a list of sites that are possibly of interest to operators of UAS.
They are showbelow on kgure8. There are 119 points varying from museums, zoos, sports
fields, and landmarks. These are also not all encompaassitiggre may be other landmarks that
merit consideration, howevdghey 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 parfased on proximity to parks are binary. Initially each point of interest

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

9_[ ’Z),' ] BF T T

BiscuitFlat

[ — ,
- \17 ‘/":Lu, ¢
) 3 £, Koo 0 2 0
Sun City livz‘.:’ TG v ‘. 'D;A RAmbﬁé <
« West .o, ‘t& j 0' ()%LL& y “MoDowall o XXX
. f g a S o gl PSS g
—— J e ) 51 520 MOURBRINS X
Do 8 surprise 0 i %goéuf))( " e <>><> it
T | mahagn,  OEERNALLEE] PR o T )0 Hills
% 50 | T N O | MOUNTAIN - L . 00 ¢
TA}‘-’K‘{ ‘Sun T, 'PCQ']'I a \3 Er.\:sjur‘f:{ i 00 | 0 O s
) LGty JaNE =2 o o Wodg a0 o
~:&7 - ' B & 1, ’ . X AR §; Par ndiwo
103 , _‘:,;,;'\G_']_é;ndﬁle B
. & R Pl - Goldr
a -a % . v Mount
(9. dom. B o M
—= — {0 ) s o) o
Goddyear gyvondale, g ) %u =
RIMCKEVE - SEEEETE - oA S

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

Figure 12: Points of Interest

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

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