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LEGAL DISCLAIMER

The information provided herein may includentent supplied by third partie8lthough the data

and information contained herein has been produced or processed from sources believed to be
reliable, the Federal Aviation Administration makes no warranty, expressed or implied, regarding
the accuracy, ajuacy, completeness, legality, reliability or usefulness of any information,
conclusions or recommendations provided herein. Distribution of the information contained herein
does not constitute an endorsement or warranty of the data or information groerden by the
Federal Aviation Administration or the U.S. Department of Transportaieither the Federal
Aviation Administration nor the U.S. Department of Transportation shall be held liable for any
improper or incorrect use of the information conéal herein and assumes no responsibility for
anyoneo6s use oThe Rederal Aviatidn ddninisttationo and U.S. Department of
Transportation shall not be liable for any claim for any loss, harm, or other damages arising from
access to or use data or information, including without limitation any direct, indirect, incidental,
exemplary, special or consequential damages, even if advised of the possibility of such damages.
The Federal Aviation Administration shall not be liable to anyone for aaigidn made or action

taken, or not taken, in reliance on the information contained herein.
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EXECUTIVE SUMMARY

This document provides the Initidhnual Report for the Small Unmanned Aircraft System
(SUAS) Traffic Analysis (A11L.UAS.91) project. It pressnthe progress, findings, and
preliminary observations on research tasks completed in the first of three years of performance.
With the growth ofSUAS operations in the National Airspace SystéWAS), there is a
demonstrated need to identify and report these activities objectively and empirically. The current
study aims to establish a framework for addressing this need to conduct sUAS traffisanalys
low-altitude airspace. The collection and analysis of this empirical igdataed to inform the
Federal Aviation Administration (FAA) in several critical areas: (1) identify, assess, and monitor
for SUAS safety hazards; (2) determine the effectivermsexisting sUAS regulations, (3)
accurately forecast sUAS traffic levels; and (4) aid in identifying and assessing future aviation
risk.

To answer the pr o] thecréséarchens establishedddral ajeaets t i on s
divide the effort functionally. The tasks are: (A) Analysis Tool Development and Literature
Review, (B) Current State of SUAS Traffic within tNAS, (C) Compliance and Exceedances of
14 CFRB107 Operational Limitations, (D) Near AerodresUAS Operations and Encounter Risks
with Manned Air Traffic, (E) Forecasting Industry Growth and Potential Advance Air Mobility
Implications, and (F) Communicating the Findings. Through these different taskings, the team
provides clear answers to the emrch questions posed in this study.

The data for this research was collected via a nationwide deploymémtnainned Aircraft
System JAS) detection equipment through collaboration with two companies. Working with
these partners provideSAUAS detectio sensors deployed across 64 diverse geographical areas.
This instrumentation conducts continuous, passive monitoring of detailed operational data such as
identification (electronic serial numbea), | ot
is collected for sUAS vehicles manufactured by DJI, and their market share is estimated at
approximately 76% based on sale volume, indicattegsystem will detect igh proportion of
SUAS operations.

To facilitate the streamlined collection and @ssing of the data, the project has partnered
with Unmanned Systems Robotics Analysis, Ii¢RSA). The teams produdng customizable
analyses and reports to synthesize the data received from several sources through the use of
URSAGs UAS -KAS Bmalgytiost Piatform (UCAP). This tool leveraggeodern data
science andArtificial Intelligence (Al) capabilities to provideapid pattern detection, data
visualization, and automated reporting capabilities.

The preliminary data has produced several insights into SUAS operations. Through the
initial data analysis, the research team assessed operations in several key ardagy B1dAS
flights by location, airspace use, seasonal variation in operations (including holiday spikes in
operations), time of day operations, operations by type of SUAS, maximum sUAS flight altitudes,
the proximity of operations near airports, SUAS lgufocations, SUAS retirement/abandonment
rates, and estimated registration compliance. The research team alsedassesgparison of the
empirical data against sighting reports.

In addition, the team asseskand estimatgcompliance and exceedanced4fCFR8107,
including operations from a moving vehicle, exceedance of daylight operations, beyond line of
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sight aircraft operations, operations near and around other aiapafgtions over peoplarge
gatherings, speed and altitude limitations, vigypband cloud clearances, muar encounter
likelihood, and the effectiveness of the Low Altitude Authorization and Notification Capability
(LAANC) system.

The initial annual report provides a detailed analysis of these critical research areas.
However in general, some preliminary findings can be summarized. First, clear patterns emerge
in SUAS operations based on seasonal variations and time of day. Second, SUAS operations appear,
for the most partto be compliant with regulations for operationsprioximity to airports. Third,

SUAS retirement/abandonment rates seem to be high, especially after thelfirgir@hs of use.
Lastly, in general, the initial findings indicate that most SUAS operations conduct their flights in
compliance with 14 CFR107 regulations. The report discusses these findings in detail, along
with the supporting data. While these findings are preliminary, the results infofrfabout

the types of and patterns of operations of SUAS in the NAS. This data gifiaiume decisions
policies, and procedures for integrating unmanned and manned operations.
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1 INTRODUCTION & BACKGROUND

1.1 Introduction

This document represents the first annual report for the ASSURE project A11L.UAS.91:
SUAS Traffic Analysis. The project aims to provide taltitude SUAS traffic data captured via
SUAS detection technology at locations throughout the United States to advis&Ahen the
state of SUAS operations within the NAEhe availability and analysis of this data is anticipated
to assist the FAA to:1( identify, assess, mitigate, and monitor for SUAS safety hazards; (2)
determine the effectiveness of existing sUAS regulations; (3) accurately forecast SUAS traffic
levels; and (4) aid in identifying and assessing future aviation risk.

To answerthe egablished research project questions, the team functionally divided the
effort into the following tasks:

1 Task A: Analysis Tool Development & Literature Review

1 Task B: Current State of SUAS Traffic within tN&AS

1 Task C: Compliance and Exceedances of 1R €07 Operational Limitations

1 Task D: Near Aerodrome sUAS Operations & Encounter Risks with Manned Air Traffic

1 Task E: Forecasting Industry Growth & Potential Advanced Air Mobi(fyAM)
Implications

1 Task F: Communicating Findings

Primary data for theproject was acquired from two industry UAS detection service
providers, ensuring broad and varied coverage of airspace throughout the United States. The team
leveraged cloud storage, software, and digital analytics tools furnished by ASSURE business
partne URSA, Inc. to perform data aggregation, analysis, synthesis with other data sources, and
visualization.The research team assessed the data and subsequent analysis metrics to provide the
FAA with a holistic assessment of the status of SUAS operatiomsnwaw-altitude airspace
within the NAS and provide compelling answers to the posed research qudstiaddition to
required internal reporting, the research team established relationships with industry standards
organizations to brief the findings anecommendations yielded by the project to inform future
standards developmeniThis report addresses the project objectives, research approach,
assumptions and limitations, findings, analysis, and recommendations.

1.2 Background

In a report assessing risk§ UAS integration, the National Academies of Science (2018)
highlighted the need for a datisiven approach to inform policy decisiomaking.According to

the report, successful UAS integration into N&S is contingent on creating a probabilistic risk
assessment tool. "Assessing risk is far easier when the risk iguestitified by relevant empirical

data" (National Academy of Science, 2018, p. 41). The collection of such data, however, is not
without its challengeslhe authors note that UAS operatiatada is "expensive to collect, scarce,

or nonexistent, and in some cases, not very reliable" (National Academies of Science, 2018, p.
39).

According to the Government Accountability O
effective safety oversignts | i mi ted by FAAGs | ack of reliabl
(p. 59).Roggero (2018¥tates "Currently, there is no means for any central entity to accurately
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collect, track, record, report, disseminate, or analyze data regarding how manyAiStights
occur without having a safety incident or terminating in a mishap" (p. 3).

Data gaps were specifically noted for UAS encounter statistics andllitmde data.
Further complicating the collection of lealtitude UAS operations data is the laock a
requirement for transponder equipment or other means of tracking for UAS, since conventional
surveillance systems are generally not able to provide adequate detection (Deloitte, 2018, p. 9).

Similarly, the Commercial Drone Alliance (CDA) (2020) erapized the lack of low
altitude UAS data, stating, ". . . additional effort to properly evaluate thdelosV risk that UAS
operations present to manned aircraft is necessary” (pafde/CDA (2020) argues that the lack
of available empirical data maket difficult to accurately assess low altitude airspace risk
prompting the regulatory authorities to take a conservative approach to UASmakayg. The
consumer advocacy group goes on to warn that such an approach may risk the U.S. globally falling
behind in implementing low altitude operations (CDA, 2020, para. 8).

The CDA recommends:

. . . conduct[ing] a sophisticated, national study of the operational risks associated with
low-altitude UAS operations below 400 f¢above Ground LevéIAGL. The risk analysis would
consider factors such as traffic density, trajectories, weather, population density, terrain, land use
and zoning, building heights, and other local factors for the entire United States. . . The federal
government could conduct airspace characterization effort leveraging nationwide radar and
other surveillance assets (from FAA, DOD, and other sources) to provide an assessment of the
relative risk presented BYAS and AAM operation§CDA, 2020, para 9)

Preliminary Case Study: Dallas-Fort Worth International Airport

The research design of this project is largely based on a regional, preliminary study of
SUAS traffic collected near Dalldsorth Worth International AirporfDFW) from August 22,
2018 to January 31, 2020 (Smith et 2D22) The research was further extended to Au@ist
2021, without agency fundin@Vallace, et al., 2022)'he purpose of this project was to evaluate
UAS user activity in the National Airspace System, as well as conduct an assessment of the
accuracy ofUAS sighting reports by fusing UAS traffic data collected from UAS detection
technology and aviation traffic dat@ver the course of the 36onth project, the research team
identified 481, 368 sUAS operations fronpapulationof 29,839DJI platforms (W#ace, et al.,
2022). An overview of monthly traffic trends is presentedrigure 1 When relevant, findings
from this project are presented in the current report to provide coAditional information
aboutthe DFWoproject can be found in Smith et §2022), Wallace et al. (208R and Wallace et
al. (202d).
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Figurel. Platforms vs. Flights Captured via UAS Detection Equipment (DFW, Aug-20§32022)

1.3 Purpose & Scope

The purpose of this project is to estalles framework for addressing the need to collect
empirical data required to conduct sUAS traffic analysis indittude airspace. This framework
will support the FAA's efforts in the following activities; accurately forecasting sUAS growth,
planning furher sUAS airspace integration efforts, conducting risk assessments of proposed sUAS
operations, and estimating compliance rates to existing and future reguldtoaffect these
tasks, the team purchased sUAS detection data from two companies proUdigistection
services at locations across the United St&eecific emphasis was placed on supporting the
following objectives:

1 Assessing the effectiveness of existing regulations under 1480FR

1 Measuring exceedancesid CFR8107 operationdimitations

1 Assessing the frequency of SUAS encounters with manned aircraft

1 Determining the state of SUAS operations and activity in proximity to aerodromes

1 Providing findings and recommendations that may inform the development of Unmanned
Traffic Managemet (UTM) requirements and Urban Air Mobility (UAM) route design

Data and analysis of the previous objectives should inform upon the following issues:

Supporting sSUAS forecasting and planning processes

Furnishing data and analysis that supports SUAS apesatisk assessment evaluations

Inform the development of future SUAS regulation and polwgking

Create analysis benchmarks and methodologies for assessing future Remote Identification
(RID) data

T
T
T
T
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It is anticipated that the analytical methods develogedng this project will provide a
framework for evaluating future Remote Identification data. According to the FAA{R022
UAS operators must adhere to Remote Identification requirements by September 16, 2023.

1.4 Instruments & Data Analysis Resources
Theresearch team made use of the following resources to accommjebtobjectives:

1.4.1 UAS Detection Equipment

This project employedadio frequency sensocapable of realime detectonand tracking
of DJI-manufactured sUAS by monitoring datalink communareg exchanged between the
operator andunmanned aircraf{DJI, 2021; 911 Security, 20R1These sensors provider
continuous, passive monitoring of detailed operations data, including sUAS: identification
(electronic serial number), location, altitudpeed.andremote pilos location (DJI, 2021; 911
Security 202D The sensors sample sUAS datalink information at a rate of 1 Hz at ranges out
extending to 50 kmThese devices recognizene of four DJHproprietary communications
protocols, including Ligtbridge, OcuSync, OcuSync 2, and WibJl (2018) outlines the
communications protocols used in BJortfolio of SUAS platformsThe UAS detection devices
are limited to only detecting SUAS manufactured by DJI. According to a report released by market
consulting company Asia Perspective (2021), DJI's U.S. market share is estimated to be
approximately 76%, based on sales volume.

1.4.2 UAS DetectiorData Description
The UAS detection sensors used in this project collected the following data:

1 Detection Time: Date Time Group for detectiqsampling rate 1 Hz)

1 Sensor ID: 14-digit alphanumeric ID of detection sensor

1 Drone Type: s UAS Model, including Anull 0 or

1 Drone ID: 14-digit unique alphanumeric electronic serial number of the SUAS
controller

1 Flight ID: 32-digit alphanumeric ID of a continuous sUAS flightsingle SUAS
flight maybe inadvertently split into multiple flight IDs in the event continuous
reception of datalink communications is lost. This is most commonly caused by
flight near terrain or manmade structure that obstructs electronic line of sight
between the aerial vehicle and UAS detection sensor.

1 Latitude/Longitude: Instantaneous sUAS location, reported tededimals;

accuracy subject to standard GPS error(s)

Speed: Instantaneous speed (m/s) of the SUAS

Altitude: Instantaneous altitude (m) of the SUAS above launch location

1 Home Latitude/Longitude: Origin location of the aerial vehicle at time of
launch accuracy subject to GPS error(s)

1 Pilot Latitude/ Longitude: Instantaneous location of SUAS controller
(contingent on controller enabled GeBabled capability)accuracy subject to
GPS error(s)

While the dataset includes unique Drone IDs, the research team did not have access to any
data that would have enabled &ation to personalldentifying information. All data
resulting from individual Drone IDs was reported in aggregate. Some individual case

= =4
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studies were extracted from the dataset, however, Drone ID information was stripped from
theseexamples to proteatata from possible reconstruction or correlation to persenally
identifying information (PlII).

1.4.3 Data Partners Sensor Deployment, and Sampling Locations
This project leverages the participation of two companies that employ UAS detection
equipment and prade UAS detection serwes.These companies provide UAS detection services
to both public and private entities such as airports, prisons, stadiums, law enforcement
departments, critical infrastructure owners, and other stakeholders interested in maintaini
situational awarenedsr safety or security purposekhese data providefarnishedsUAS
detection data collected throughout their networll bAS detection sensorblAS detection data
wascollectedstartingJuly 1, 2021and is projected to last unfiine 30, 20240ne hundred sixty
six UAS detection sensodeployed in64 diverse geographical locations throughout the U.S.
provided data for this initial reporn overview of data sampling locations is presentdeigare2 and

Table 1. For additional context, sampling locations are presented relative to 844807 [Hobbyist]
registrations (Figure 3); 14 CFR 8107 registrations (Figure 4); and, active Remote Pilot certificates
(Figure 5).
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Figure5. UAS Activity Data Sampling Locations & Remote Pilot Certificktguances

Tablel. UAS Detection Sampling Locations by State

AZ
AZ
AZ
AZ
AZ
CA
CA
CA
CA
CA
CA
CA
CO
DC
FL

FL

Douglas

Naco

Nogales
Phoenix
Yuma
Burbank
Calexico

Long Beach
Los Angeles
Sacramento
San Diego
San Francisco
Denver
Washington
Fort Lauderdale

Miami

FL
FL
FL
GA
IL
IL
IL
KY
LA
LA
LA
MA
MD
MI
MN
MN

Orlando

Tampa

West Palm Beach

Atlanta
Chicago
Kankakee
Waukegan
Lexington
Baton Rouge
New Orleans
Slidell
Boston
Baltimore
Detroit

International Falls

Minneapolis

MS
NC
NH
NM
NV
NY
NY
NY
OH
OH
OH
OH
OH
OR
PA
X

Woodville
Charlotte
Concord
Playas

Las Vegas
Brooklyn
New York
Staten Island
Chillicothe
Cincinnati
Cleveland
Springfield
Youngstown
Portland
Philadelphia

Brownsville

TX
TX
TX
TX
TX
TX
TX
TX
TX
TX
TX
TX
WA
WA
WA
WA

Bullard
Corpus Christi
Dallas

Del Rio
Eagle Pass
El Paso
Freeport
Houston
Laredo
McAllen
Presidio
Texas City
Ferndale
Lynden
SeaTac
Seattle
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1.4.4 Unmanned Robotics Systems Analysis
An external company was subcontracted to streamline creation of a database, integrate
diverse data sources, and create analytics tools at the direction of the research team.

1.4.4.1 Organization

URSA (https://ursainc.comi/is anASSURE Center of Excellence Certified Partner and
project subawardee. URSA is adelingUAS and CountetJAS (C-UAS) data analytics company.
URSA has supported U.S. Air Force (USARUAS integration efforts through Small Business
Innovation Research (SBIR) grants, Customs & Border Prote¢EBP) and the FAA through
UAS forensics contracts, and is involved with-&J8S test and evaluation exercise for the Bureau
of Prisons as the system of recorddth C-UAS and UASelemetry datdJRSA's platform enables
operators, law enforcementdregulators to investigate UAsghavior and activity by bringing
together a wide variety of data sources into a single, flexible platform.

1.4.4.2 UAS & Counter-UAS Analytics Platform (UCAP)

URSA's customizable UCAP platform provides scalabéndoragnostic data analytics
capable of procesginmulti-source telemetry an@eographical Information Syster(SIS) data.
The system operates on an integrated-besed platform supported by the powerful Amazon Web
Services(AWS) framework for performing both generalized assessment and detailettesise
data analysisLeveraging modern data science and Al capabilities, the platform provides rapid
pattern detection, data visualization, and automated reporting capabilities.

1.4.5 Additional Datasets
The research team integrated sUAS detection data with easdivarray of additional
datasets to answer the posed research queslioagollowing datasets were used in this project:

1.4.5.1 OpenSky Network

Started in 2012 as a collaborative, multinational research project between Armasuisse, the
University of Kaiserslaiern, and the University of Oxford, the OpenSky Network
(https://openskynetwork.org) is a norprofit organization with the mission of "improving the
security, reliability, and efficiency of the air space usag@roviding open access of reabrld
air traffic control data to the public" (OpenSky Network, n.d., "About U$His access is
supported by a robust infrastructure network comprised of more than 4,108hpeeg
Automatic Dependent Surveillan@roadcast (ADSB) and ModeS sensors deployed in more
than 190 countries worldwide (OpenSkyNetwork, nthe network provides access to historical
and realtime traffic data supporting neprofit air traffic research efforts (OpenSky Network,
n.d.).A heat nap of coverage within the U.S. is provided-igure®6.
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Figure6. OpenSky Network Coverage

Note: Darkefcoloration represents areas with improved-htitude coverage.

1.4.5.2 DroneResponders Public Safety UAS Program Map & Dashboard

The Airborne International Response Team (AIRT) is the parent company that manages a
nonprofit program called the [BneResponders Public Safety UAS Alliance
(https://www.droneresponders.oxgrhis is a nosprofit program designed to unite emergency
response stakeholders who Ws&S to facilitate the exchange of informaiti, training, and best
practices to improve the useldAS in public safety (AIRT, 2021)Through a partnership between
Esri (n.d.), an international GIS and geodatabase supplier, and NASA Ames Research Institute,
DroneResponders has created "a comprebhesiectory of public safety and emergency services
drone programs"roneResponders, n.d., p. The DroneResponders Public Safety UAS Map
and Dashboard provide detailed geolocation and program information for more than 950 registered
UAS public safetyagencies worldwideshown inFigure7. One critical data element collected by
the DroneResponders database is an overview of each registered agency's SUAS fleet composition.
This information will aid the research team in locatndplic safety agencies within each sample
area that utilize DJmanufactured sUAS that are capable of being detected withABeletection
technologyutilized in this project
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Figure7. DroneResponders Public Safety UAS ProghMap & Dashboard

1.4.5.3 lowa State University Environmental MESONET (IEM)

The lowa State University Environmental MESONEiTips://mesonet.agron.iastate.gdu/
maintains archival data for aviation weather obstown stations worldwide (lowa State
University, 2021)Observations are collected from either Automated Weather Observing Systems
(AWOS) or the more sophisticated Automated Surface Observing Systems (AQQ&}ing to
the Flight Safety Foundation (2018)

AWOS systems generally collect ceiling, sky condition, visibility, temperature,
dew point, altimeter setting and wind speed, gusts, and dire&8@0S can additionally
provide the type and intensity of precipitation (rain, snow, freezing rain), atdictions
to visibility such as fog and haze. (p. 1).

This dataset will be paired to proximate sUAS telemetry data to identify instances in which
SUAS flights exceed regulatory authority for operation in adverse weather or visibility conditions.

1.4.5.4 Department of Homeland Security (DHS) Homeland Infrastructure FoundationLevel Data
(HIFLD)

Established datasets in 2002 to improve geospatial information sharing and support. The
HIFLD datasetqhttps://hifldgeoplatform.opendata.arcgis.com/ere designed to enable better
data visualization and analysis of national infrastructure (DHS, nitig. HIFLD database
contains 496 individual GIS datasets, containing a wide variety of information Hwd€ssectors
of national critical infrastructuréAccess to specific datasets varies based on the sensitivity of the
data, user need, and security credential®gme of these datasetsere used to evaluate the
potential risk posed bsUASIin support otasks D.8D.9.

1.4.5.5 FAA Aeronautical Data Delivery Service

"The Aeronautical Data Delivery Servidéttps://adddaa.opendata.arcgis.coms an
FAA-enabled web service that makes data available in GSUN, KML, and Shapefile formats
to meet the needs of developers and other stakeholders” (FAA, 2018Tpe tiatabase contains
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47 individual datasets containing a wide variety of aeronautical information, including: National
DefenseTemporary Flight Resction (TFR) areas, aeronautical obstacles, stadiums, airports,
airspace boundaries, and related dakements of these datasetsreused in support of tasks B.1
and D.8.

1.4.5.6 FAA UAS Facility Maps (UASFM) Datasets

"UAS Facility Maps show the maximum aitdes around airports where the FAA may
authorize part 107 operations without adaiibsafety analysis" (FAA, 2021d. 1).The vertical
and lateral boundaries of the established FAA UAS Facility Maps can inform operators about the
viability of airspaceauthorization requests or waivers for flights conducted within obhedr
airspace areas (FAA, 2021d@hese datasets also contain Prohibited Areas, National Security UAS
Flight Restrictions, and location information for RecreadloRlyer Fixed Sites (FAA20214.
These datasets will be used in support of tasks B.1, andD5.3JAS Facility Map data is
available from the Federal Aviation Administration website for geographical information systems:
https://faa.maps.arcgis.com/apps/webappviewer/index.html?id=9c2e4406710048e19806ebf6a06
754ad

1.4.5.7 FAA GLARE Analysis Tool

The FAA useshe Geographic Low Altitude Risk Estimation (GLARE)S visualization
tool (https://www.youtube.com/watch?v=TJINPozplLto evaluate sSUAS risk and waiver
applicationsThe tool allows overlays of multiple layers of GIS data, including airspacseslas
recreational fixed flyer sites, annual airport operations counts, airport types; heliport locations,
population densities, sUAS/aircraft registration densities, SUAS sightings locations, athletic fields,
and critical infrastructure locatiofFAA, 2022b). At least some of the data is derived from the
DHS-HIFLD databaseAccess to this datasetasused to support the completion of multiple task
sets, including ¥ and D8.

1.4.5.8 FAA sUAS Registration Database

14 CFR 848 requires operators of SUAS to hawempleted registration in the sUAS
Registration Databasghttps://faadronezoraccess.faa.gov/¥tand mark their sUAS with the
provided registration numbérhe research teaatilizedregistration information to complete Task
B.2.

1.4.5.9 FAA Low Altitude Authorization & Notification Capability (LAANC) UAS Data Exchange

FAA LAANC is a collaborative approach to managing {altitude airspace data and
serves as a critical capability for furhisg SUAS operators with access to airspace near airports
in controlled airspacé&.he UAS Data Exchanggttps://www.faa.gov/uas/getting_started/Ignc
which manages this process, integratggiest and airspace authorization information exchanged
between UAS Service Suppliers and the FEAA, 2022). The research teamsedthis data to
support analysis dfasks D.3 and D.5.

1.4.5.10 FAA UAS SightingsReport Database

The FAA UAS sightings database igrtved from reports of hazardous UAS activity
provided by pilots, law enforcement personnel, and otfiek#\, 2022)). This dataset includes
the location, time, and narrative description of UAS encounters and other suspect UAS activity.
Information about WS sightings reports can be obtained online at the following URL:
https://www.faa.gov/uas/resources/public_records/uas_sightings_report
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1.4.5.11 U.S. Navy Astronomical Almanac

Locationspecific sunrise, sunset, and civil twilight times were derived from the U.S. Naval
Observatory data and accessed via PyEhgetips://rhodesmill.org/pyephem/index.h)mia
pythonbased soue code for celestial positions (Rhodes, 2020).

1.4.5.12 Internet Assigned Numbers Authority (IANA)

Time Zone information was obtained using a publenain zone database derived from
IANA (https://www.iana.org/the-zone$. The agency provides global coordination for coding and
technical standards for internet applications (IANA, 2020).

1.4.5.13 Open Elevation

Open Elevatior(https://www.operelevation.con)/is a publiclyavalable, free source of
geographical elevation data provided Agplication Programminglnterface (API) (Lourenco,
n.d.).Open Elevation provides comparable data to the Google Elevation API (Lourenco, n.d.).

1.4.5.14 OpenStreetMap

Open Street Maghttps://wiki.osmfoundation.org/wiki/Main_Papis a communitybuilt,
opensource geographical map of the world (OpenStreetMap Foundation, 202ps are
produced and validated using local knowledge, aeriagj@mna and GPS devices (OpenStreetMap
Foundation, 2021).

1.5 Teaming & Organization

This project is supported through a collaboration of experts from ERibidie
Aeronautical University (12), Kansas State University (5), and the National Institute forofviati
Research at Wichita State University (flie team also includes a number of graduate and Ph.D.
students in supporting roleSpecific team member roles and responsibilities are overviewed in
Figure8.

The project leverages the unique skillsets of 21 subject matters experts from multiple fields
and institutionsTo best meet the project's multiple objectives within the prescribed timefra
team members are organized by functionality, according to six keys tasks associated with the
project: (1) UAS Detection / GIS Data Collection & Support; (2) SUAS Activity Monitoring; (3)
Aircraft Traffic & Encounters; (4) Analysis & Policy; (5) AnalgsiTool Development; and (6)
ExternalLiaison and Communication
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Figure8. Project Team Organization & Task Responsibilities

1.6 Assumptions & Limitations
The research team acknowledges the following assumptions and limitatgpndathis

project:

1 The UAS detection sensor only detects platforms within electronic line of Slghtange
of stationary sensor units is reported to be up to 50R{atforms outside that range or
operating in a manner that does not provide line gtitsio the sensor are unlikely to be
detected.

1 Some DJI platforms do not support sensor platform identificalibese platform types
will be reported as either "null" or "unknown."

1 It has been reported thaAS operators can suspend data transmissian fheir SUAS
effectively shielding it from detection from the UAS detection sensor suite with specialized
software (Skove, 2022). While the research team acknowledges this technological
limitation, there is little evidence to suggest widespread operatarfubis technology.

1 A study by Department 13 (2017) highlighted cybersecurity concerns with the UAS
detection sensor technology, suggesting the system is vulnerable to hacking and potential
ID spoofingl n a response to Depa tedthed mast ode@tdérs r e p ¢
will comply with very few bad actors taking
systems (Kesteloo, 2017he research team also acknowledges this limitationagreks
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with the manufactureros presumption that
vulnerability.

1 Analysis of air traffic data utilizes AD8 information. Although most aircraft are
equipped with ADSB, as required by 14 CFR 8§891.225 and 891.227, som&fhiace not
required to utilize ADSB. Generally, ADSB is required for operation in Class A (not
applicable to this study), Class B, Class C, above 10,008&h Sea LeveMSL) in Class
E, and within 30 NM of specified Mode C Veils (FAA, 2@20This may result in some
aircraf® particularly those not equipped with AEESor ModeS capability and operating
in Class G airspaéenot being included in study results.

1 The authors are unable to assess which operational ruleset SUAS operations are being
conductedunder: 14 CFR 8107 (Commercial), 49 U.S.C. 844809 (Recreational /
Hobbyist), 49 U.S.C. 840102(a)(41) and 840125 (Public Aircraft) or un@ertdicate of
Authorization (COA)lt is also not possible to determine if an operator under 14 CFR 8107
is operdéing under the authority of a waiver or airspace authorization.

1 This study collected data from more than 64 diverse sample locations. These areas may not
necessarily be representative of operating areas across the Gatitain areas may be
influenced bylurking variables, which may include seasonality, weather, state operating
restrictions, limited access to airspace or flight areas, or other factors beyond the scope of
the studyReaders should be cautious before generalizing localized findings.

1 The UAS detection sensor only detects Didnufactured sUAS platformi.is estimated
that true SUAS activity reported in each sampling area is likely to be up to 24% higher than
reported (based on DJI market share).

1 This study defined 64 individual data cagtareas designed to segregate and compare data
within different geographical locations. A small number of these data capture areas have
geographical overlap, which may cause limited duplicate counting for some analytics.
Values subiject to this limitatioare annotated with an asterisk (*).

1.6.1 UAS Platforms Detected

The following represent descriptive details of examined sUAS model categories (series,
platform, or product line) featured throughout this research. Understanding such contextual details
of the sSUAS models featured in this study is anticipated to help to explain factors contributing
towards the presented observations, results, and implicafi@se 2 provides additional SUAS
specifications.

A31 This group is not a specific SUAS platform,gpresents a series of Bdilanufactured

flight controllers including the A3 (186g) and the A3 Pro (3869). Both designs feature three
Inertial Meaurement UnitgIMU)s, three Global Navigation SatelliteySems (GNSS),
embedded algorithms (including those fattitude determination, multiple sensor data
sampling and integration, aritlectronic Speed ContrgESC]); and three receiver§he
platform is primarily configured for use on the Matrice 600 Pro.

Agrasi Released in November 2020 as a SUAS solution to agricultural and other spraying
applications, the DJI Agras T10 and larger T30 models represent a significant design shift
towards specialized missionghe hexacopter design features fixed motor armsdkig

from the main fuselage, which simultaneously support the spraying appats&oliter
application tank is cradled in the central core of the fuselage (likely to improve weight and
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balance and controllability characteristics), and rests on tweedydixedstrut landing
skids. Equipped for Real Time Kinemati¢®RTK), the device is prepared for precision
navigation and can reportedly cover up to 40 acres per fiberT30 platform variant
weighs in at 26,4009 (58.2 Ibs), flies relatively slowh1&t7 mph, and has an endurance
of 20.5 minutes.

DJI Mini 2 T Released in November 2020, the DJI Mini 2 Series improves upon the
capabilities of the Mavic Mini with higher video quality, longer flight time, and other
features packed into an extremely smhgiht platform. The fuselage of the quadrotor
follows the Mavic Mini design trend, with foldable motor arms that can easily fit into the
palm of a handimprovements were made to the controller, flight stability, and other
elements.Like its predecessothe platform weighs less than 249g (<.55 Ibs), can fly
faste® up to 35.8 mpé and has a flight endurance of 31 minutes.

First Person View (FPV)i Released in January 2021, the DJI First Person View (FPV)

model is a quadrotor designed for speed anddramegrtd he model 1 ntegrate
immersive FPV Goggles and can be flown with either astiek configuration remote

controller or a single handheld Motion Controll&he 795g (1.75 Ibynmanned aircraft

(UA) can reach speeds up to 100 mph and Hesttary endurance of nearly 20 minutes.

Inspire 11 The Inspire 1 Series drones include the original Inspire 1 released in November
2014 and newer Inspire 1 2.0 model released in November Zbi%.quadrotorUA
features a ventrahounted gimbaled eleckoptical camera and retractable landing struts
that double as the support structure for the motor assemi@#yJA weighs approximately
3060g (6.74 Ibs) fully configured and can reach up to 49 Battery endurance provides

for approximately 18 minuted dight time.

Inspire 27 The Inspire 2 Series was released in November 2016 and exhibits similar design
configuration as the Inspire 1 serigbe Inspire 2JA contains the same retractable struts

as the Inspire 1, which enables lifting the motors ebibve fuselage during flighThe
Inspire 2 is configurable with two batteries, rather than the single battery configuration for
Inspire 1 models, increasing the flight endurance to approximately 27 mimbesA
weighs approximately 34409 (7.58 Ibs) amdapable of speeds approaching 58 mph.

Matrice 100 (M100)i Released in June of 2015, the Matrice 100 drone is a quadrotor
design configured on an open, lattice core, with mountable forfmandg, gimbaled
sensor optionsThe Matrice 100 has configuske motor arms, enabling a slight upward
angle of the propulsion mountinghe platform is designed for broad customization and
payload configurationsBuilt primarily for commercial operators, the platform weighs
approximately 2400g (5.29 Ibs) and candtyl9 mphThe platform is capable of up to 40
minutes of flight time, with dual batteries.

Matrice 200 (M200) 1 The Matrice 200 series includes both the original-26es
released in February 2017 and 200 version 2.0 models released in Februaryh2019
Matrice 200 employs a quadrotor design with fixed motor arms attached to a central
fuselage, and fixed ventral landing strutie platform is capable of carrying multiple
gimbaled sensor payloadSensor data is integrated into the controller camégon,
enabling multiple, simultaneous feedBhe platform comes standard with two anti
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collision beacons for night operatiorhe platform weighs in at 4,690g (10.34 Ibs) and can
fly at speeds up to 50.3 mph, with a reported endurance of up to 38 sninute

Matrice 300 (M300)i The Matrice 300 series was released in May of 2020 and employs

a similar design to the Matrice 200 platform, with the fuselage seemingly flipped upside
down. The platform contains fixed, quadrotor arms and landing struts deimward

facing foldable props and forward gimbaled sensor mounting bradieeplatform enables
customizable payloads, with multiple sensor configuratidise M300 comes fully

equipped with RTK positioning, enabling improves survey accuiihout a @yload,

the M3006s endur ance ThelA weighsa6800g (1889 Ibspandd 5 mi
can fly at speeds up to 51.4 mph.

Matrice 600 (M600)T1 The Matrice 600 Series includes the base model released in April
2016 and the improved Matrice 600 Prdeased in November of the same yeEne
Matrice 600 series platforms were designed for professional aerial photography and other
commercial and industrial applicatioruilt on a central fuselage with retractable landing
struts and extended motor arnte hexacoptddA can carry up to 55009 of payload (12.1

Ibs). Platform endurance can reach up to 40 minutes without a payload, and 18 minutes
completed loadedThe platform weighs 9600g (21.16 Ibs) and can fly at speeds
approaching 40.3 mph.

Mavic 2 Enterprise i The Mavic 2 Enterprise series includes the Mavic 2 Pro, Zoom,
Enterpriseand Enterprise Dual variants released between August and OctobeAR018.
updated model from the very popular original Mavic Pro design, the platform leverages a
similar guadrotor fuselage design, with foldable motor arms and props, and ferward
mounted sensor gimbalhe Enterprise Dual variant sports both an elecptical camera

and thermal imagery capabilitfthe platform is equipped with a dorsal auxiliary port,
enablirg customized configuration of mission equipment which can be controlled from the
remote, including strobe light, spotlight, speakers, or other swappable dénweceariants
weigh between 899§05g (1.981.99 Ibs) and can fly at speeds up to 44.7 iEximum
endurance of the platform is reported to be 31 minutes.

Mavic 317 The newest November 2021 release in the popular Mavic Series, which includes
Standard and Cine varianBoth quadrotor variants are largely comparable with the Cine
variant contaimg additional onboard memory storage for video projethte drone is
compatible with the RC Pro controller, which enables support of-garty applications.

The platform comes equipped with two cameras, one with a hagiggible telephoto lens

for high-resolution imagery and videoBhe drone weighs between 898§9g (1.971.98

Ibs) depending on the variafithas an endurance of 46 minutes and can fly at speeds up
to 42.5 mph.

Mavic Air i Released in January of 2018, the Mavic Air series has desmaldrotor
profile than the popular Mavic platform, but maintains a similar design, with opposed,
foldable motor arms which double as landing struts, and forfeaidg, tilting sensor
shrouded by the fuselagehe Mavic Air Series is considered by sotade an upgrade of

the Spark.The platform can be controlled by remote, smartphone, or even using hand
gesturesThe platform weighs just 430g (.95 Ibs) and flies at speeds approaching 42.5 mph.
Maximum flight time for the platform is 21 minutes.
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Mavic Air 2 i Released in April 2020 as the updated version of the original Mavic Air,
the new model is both heavier and more robust than its original release véisgon.
guadrotor features a design that closely replicates the original M@h&racteristic
features include folding motor legs and a gimbaled forwacthg camera, but without the
sensor shroud found in the previous modék platform weighs in at 570g (1.26 Ibs) and
sustains the same speed of 42.5 mph as its predecessor, and has an impooardezofd

34 minutes.

Mavic Mini T The Mavic Mini Series released in October 2019 was DJls improved foray
into the small, lightweight drone mark€onsidered a drastic improvement over the Spark,

the Mavic Mini is smaller, cheaper, and nearly as capabldarger productsThe
guadrotords design is nearly identical as
reduced camera resolutiohhe platform weighs just 249g (<.55 Ibs), exempting it from
the FAAOGOs r egi s (Theglatiorminas anempduranceeoh8® minwges and

flies at speeds over 29 mph.

Mavic Pro i Released in September 2016, the Mavic Pro revolutionized the indUsgry.
sleek, compact, folded quadrotor design deviated significantly from previous product lines.
The platfom features a gimbaled camera slung below an extended ventral fuselage, with
added sensor protection offered by a plastic gimbal cower platform weighs in at 743g
(1.64 Ibs) and can fly at speeds up to 40 niie maximum flight time of the platform is

27 minutes.

Phantom 3 P3)1 The Phantom 3 Series released starting in April 2015, and includes the
Standard, Professional, and Advanced modete entryl e v e | qguadrotor re
early design parameters with short, fixed motor arms that integtate gentral fuselage,

with fixed landing struts and a central verdnaing, gimbaled electroptical cameraThe

platform weighs in at 12169 (2.68 Ibs) and can fly at speeds up to 35.8 mph, with an
endurance of 25 minutes.

Phantom 4 P4)7 Released in Mah of 2016, the Phantom 4 improves upon the Phantom
3, with several upgradeshe platform sports the same basic design as the Phantom 3, with
a sleeker fuselage and additional safety features, such as obstacle avdiddiimmal
camera features suck Active Track, which enables the UAS to automatically follow a
moving subject in the camera frame, rounds out the new capabAteRTK variant is
available for highprecision operations, which adds 11g to the base platform w&igét.
platform is slidntly heavier than its predecessor at 13809 (3.04 Ibs), has a slightly improved
endurance of 28 minutes of flight time, and can fly at speeds up to 35.8 mph.

Sparki The Spark Series released in May 2017,
the featues of the larger, popular quadrotor drones like the Mavic Pro in a smaller size.
The Spark has a boxier design than other DJI products, with fixed motor arms extending
from the dorsal fuselage and a shrouded, tilting, forviacdd camerdJnlike most othe

DJI products, there are no landing stéuthe platform is designed to land on the belly of

the fuselageThe platform only weighs 300g (.66 Ibs) and can fly at 31 njight
endurance is relatively short, with a maximum reported flight time of onlyidGtes.
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foranUA. 1 n
research team articulated how unknown platform types were analyzed artddep

Table2. sSUAS Specifications
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t hese f i nrdathergases,alree

Released Weight  Size Endurance  Max Speed 1 Are

Platform (Mo/Yr) Available (9) (mm) Price* (min) (mph) Min (ft)
Agras (T16) November20 Y 18500 N/A $21,499 18 22.4 N/A

Mini 2 November20 Y 249 203 $449 31 35.8 2289.6
FPV January21 Y 795 312 $999 20 100 2842.2
Inspire 1 Novemberl4 N 3060 581 $1,999 18 49 6552.9
Inspire 2 Novemberl6 Y 3440 605 $3,299 27 58 6823.6
Matrice 100 Junel5 N 2400 650 $3,299 40 49 7331.2
Matrice 200 Februaryl7 N 4690 887 $5,999 38 50.3 9992.9
Matrice 300 May-20 Y 6300 810 $13,700 55 51.4 9135.7
Matrice 600 April16 N 9600 1668 $4,599 40 40.3 18812.9
Mavic 2 Enterprise October18 Y 905 322 $1,999 31 44.7 3631.7
Mavic 3 November21 Y 899 448 $2,049 46 42.5 5052.9
Mavic Air Januaryl8 N 430 213 $799 21 42.5 2402.4
Mavic Air 2 April20 Y 570 253 $799 34 42.5 2853.5
Mavic Mini November19 N 249 202 $399 30 29 2278.3
Mavic Pro Septemberl6 N 743 335 $749 27 40 3778.4
Phantom 3 Aprit15 N 1216 350 $799 25 35.8 3947.5
Phantom 4 March-16 N 1380 350 $1,500 28 35.8 3947.5
Spark May-17 N 300 170 $499 16 31 1917.4

Note: specifications and pricing derived from available online sources.

Every platform identified in this list may not appear in each respective sSUAS operational
modelresearchask; a specific group will only be specified when detected and identified in the

associated data for that tagkny new DJI models released by tbempany and captured in
subsequent collection efforts will be added to the data analysis, tables, charts, and conclusions.
Further details and subsequent conclusions regarding switidde presented in future iterations

of this report, as additional datontextual observations, and analysis results become available.

1.6.2 Addressing Data Assumptions: Data Filtering, Cleaning, & Validation
One challenge encountered when using the UAS detection sensor is the potential for the

device to miscount or mischaradger segments of SUAS flights in which it does not maintain
continuous, uninterrupted tracking.the event the UAS detection sensor loses the sSUAS datalink

Command andControl (C2) signal (such as thiA flying behind an obstacle) or otherwise losing
eledronic line of sight, the device will log the operation as multiple flightiditionally, SUAS

flying under conditions that would inhibit good sensor detection of the C2 signal (such as those
flying at the extent of the sensor's range) may only log a smalber of telemetry points for the

flight. Finally, the UAS detection sensor detects SUAS activity upon activation of the datalink

between the controller agAd even if theUA is not in flight.This can result in someAS flight
detections that do notgsent an aerial hazard.
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A series of data filtering, cleaning, and validation methods were used to address the
aforementioned limitations and ensure the project uses the most valid lueda. data cleaning
procedures were used at the discretion of theareb team and annotated in the report when
applied. This discretion enables eatltbject matter experSME) to assess the data before and
after correcting for the potential validity threlit.some cases, it was importantébain spurious
flight detecions, ground activity, or incomplete data (such as when performing SUAS population
counts).In other cases, such as assessing SUAS encounters with aircraft, it is more important to
ensure higher data accuracy and validity.

1.6.2.1 Data Treatment Prior to Loadingi nt o URSAG6s UCAP System
Prior to loading data into UCAP system for analysis, the URSA team performed several
preliminary procedures designed to ensure data validity:

1 Eliminate data duplication from overlapping detection dates received from UAS
detectiondata providers.

1 Align data with altitude datum (AGL/MSL)

1 Add universal coordinated time (UTC/Zulu) for temporal data, as required.

16.22 Data Treat ment After Loading into URSAG6s UCAP
The research team employed one or more methods to cod&tetectiondata validity
issues, including:

1 Removing data points with illegal latitude or longitude values

1 Removing data points with null latitude/longitude or Drone ID values

1 Removing single data poiflight detections from analyzddAS detectiordata

1 Removing sUAS ground activity or tracks that do not become airborne

1 Track meldingor connectingdata points from a single sUAS operation that yield
separated flighttDs that occur within a similar timefran{pending implementation)

1 Employ bounding box tomnit analytics to only those contained within the continental
United States. Bounding box for initial anal/éncludes flights within approximately
20 SM of the U.S. border (including territorial waters and parts of the Exclusive
Economic Zone). Fidelitgf bounding boxes can increase to 5 meter accuracy, however,
this analysis requires increased server processing time.

1.7 Year One Progress Overview

This report articulates progress, findings, and preliminary observations on research tasks
completed in thenitial year of the thregear performance perioReported data is based on SUAS
detection sampling that took place between July 1, 2021 and January 31T &0123 provides

an overview of task progress with appropriate cavéaiserved trends or patterns, as well as
inferences and conclusionare subject to change based on a multitude of influencing factors,
including potential changes in regulations, laws, sUAS&Ilability, and financial or economic
conditions. The intent of sharing early observations, including any potential identification and
discussion of implications, is to establish a contextual baseline for future comparison.
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Table3. Summary of Year One Progress by Research.Task

Research Tasks
Task: Description Task# |Title Status Notes
Analysis Tool Dev Analysis Tool Refining Analysis Tool
" Al L
A & Literature Development Reliability
Review A.2 Literature Review N/A
B Cur_rent sUAS traffic N/A
attributes
B2 Estimated registration N/A
rates
Adapting NLC Datab
B.3 Where sUAS fly Data Collected date;pftln??nte ratiacl>: a9
Current State of 9
B sUAS Traffic B4 Retirement & Data Collection In At least 12-24 months
within the National | abandonment Progress data required for validit]
PSSR Sy BS Public safety use of Sample Established Preparing Solcitation fg
. sUAS P Agency Participation
sUAS population <
B.6 55lbs N/A
. Adapting methodology
B.7 Impacts of using ADS-BData Collected from D.1 to address Rq
ci Exceedances for vehic N/A
ops
c2 Exce_edances for N/A
daylight ops
Compliance and [ 5 Exceedances for VLOS| N/A
Exceedances of 14
C CFR 1(?7 ca Elxceedances near NIA
Operational aircraft
Limitations ini i
Exceedances over Petermnrung appropriat
C5 integration of pop.
humans .
density datasets
c6 I_E)«_:eedances for ops N/A
limits
Likelihood of
2 encountering UAS N/A
D.2 Likelihood of aircraft N/A
encounter
Effectiveness of 400 ft Add_res_smg datgba_se
D.3 Data Collected filtering issue to limit
LAANC
dataset
. . Addressing database
Aircraft penetrating L .
Near Aerodrome |D-4 UASEM Data Collected filtering issue to limit
sUAS Operations dataset
& Encounter sUAS exceeding
D.5 N/A
P Risks with UASFM
Manlfled Air D.6 Hotspots for sUAS N/A
Traffic encounters
D.7 H_otspots predictive fo N/A
sightings
D8 sUAS flight in no-fly Data Collection In Refining spatial &
) zones Progress temporal NFZ integatio
D.9 §UAS near critical N/A
infrastructure
D.10 Rates of BVLOS flight N/A
E1l Impacts to AAM/UAM |Patrtial Preliminary
Results Available N/A
Forecasting
Industry Growth & Partial Preliminary
E potiptis: g?\ancec E2 Improving UTM safety Results Available N/A
7 Wiz ITigy ) Deferred pending furth
Implications E3 Impact of air routes data collection N/A
Conveying abnormal |Deferred pending furth
E4 N . N/A
traffic data collection
Task deliverables &
P F.1 A
F Communicating reporting
Findings Eo Standards groups
i liaison
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2 METHODOLOGY, PRELIMI NARY FINDINGS & DISC USSION

Initial reporting of project taskare organized according to the approved Research Task

Task A:Analysis Tool Developmer& Literature Review

Task B: Current State of SUAS Traffic within tN&AS

Task C Compliance and Exceedances of 14 GHR7 Operational Limitations

Task D Near Aerodrome sUAS Operations & Encounter Risks with Manned Air Traffic
Task E Forecasting Industry Growth & PotentiaAM Implications

Task F: Communicating Findings

The following sectionsfollow the categorization of related tasking to address the
investigated topic. Where appropriate, tasking has been further subdivided, along logical divides,
as suktasks and substens (e.g.,Task B.1.}#to contextually present and discuss the material.
Each subsection features a descriptive overview of theéaslb discussion of findings, as related
to the captured data and accompanying figures; and notable concluding rensdikg telthe
interpretation or implications of the findings.

2.1 Task A: Analysis Tool Development

Due to the extent of data generated fromstli@plinglocations across the U.S.wiasnot
possible to analyze the SUAS detection data using conventionadtabedns, such &dicrosoft
Excel or related softwar&xcel is limited to datasets with fewer than 1,048,576 réWws.research
team'sinitial collection of SUAS detection datgenerated during a nearly thrgear period near
DallasFort Worth Internationa(DFW) Airport (August 2018021, produced more than 3.8
million lines of dataThis data processing is further complicated when A& tawasaddedto
the analysisEven wten filtered to exclude ADB tracks to those at low altitudes and within a
limited range to the DFW airport, the size of data fitesone daygenerally exceeded 150 MB.

With the large number afampling locations in this project, a clebdsed computing
approachwasrequired to store, process, and analyze the extent of producedlrtié&aapproach
was warranted for the following reasons:

9 Distribution and management of data to multiple, simultaneous users

1 Enabled simultaneous analytics tool developmenit aser interface, with limited
interruption during version updates

1 Volume of data exceeded capacity of desktop solutions (past year data storage
exceeded 800 GB for ADB data alone)

1 Need for access to multiple, simultaneous data sources increased ipgocess
requirements

URSA's UAS and @JAS Analytics Platform wagsedo store, format, integrate, database,
process, analyze, display, and filter the various datasets to streamline the analysis process for the
research teanThe Analysis tool developmentquess is lethy the URSA team who prograred
and integraté the various analysis processes into the UCAP analysisutuit#r the research
t eamds gui danReAwasfuchished withespetific technical requirements designed
to support the objecstes and deliverables proposed in this research taskAlaesearch liaison
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oversawURSA's UCAP development process, to coordinate and advise on behalPointtipal
Investigatoregarding

User Interface / User Experience

Sourcing external data inputs

Data integration & validation

Information displays & visualizations
Methodological approach for various analytical processes
Available analytics tools, statistics, & outputs
Data filters

Data cleaning & validation processes

User preferences

Features

Otherrelated issues

=4 =4 4 -8 -8 _-95_4_°5_4_-2°_-2

The liaisonand Principal Investigatoevaluatedfunctionality and validity of completed
analytics toolsetsThe preponderance of the UCAP development prosasscompleted prior to
Julyl, 2022 with additionafrefining expectethroughout the remainder of the grant's performance
period.

2.2 Task B: Current State of SUAS Traffic within the NAS
The objective of this task is to provide a descriptive analysis of SUAS traffic trends from
sample detection datAn emphasis will be placeah quantifying operational trends.

2.2.1 Task B.1: What are current sUAS traffic attributes over urban areas (i.e., number of
operations, flight altitudes, durations, classes of airspaces, & proximity to airports)?
The objective of this task is to provide esdriptive analysis of SUAS traffic attributes

Findings: The research team conducted sampling from July 1, 2021 through January 31,
2022.During the sampling period, the reseateam detected 470,902 sUAS flights from among
a population of 116,915 sUA@latformsusingthe 166UAS detection sensorat 64 separate
sampling locations around the United Stakeégure9 highlightssampledareas of SUAS activity
with observedprominent useoncentrated irChicago [IL] (1=31,061 sUAS flights), McAllen
[TX] (n=28,117flights), and Philadelphia [PAJnE27,727 fights). The distribution of flights for
the remaining sampling locations can be sedfigare10andTable4. Cumulative, active SUAS
registrations for 14 CFR Part 107 and 49 USC 44807 operations were calculated for each sample
area by assessing zip codes that fell inside the detection range of each sample area and extracting
registration values from the sUAS registration database by zip cBagistration data was
provided for context to enable assessment of detected sUAS activity against known UAS
registration informationA detection rate for each location was also caledlay dividing the
number offlight detections by the sampled daysth thesethree same locatiorsontinuing to
indicaie the highestletection ratesChicago(144.47 detected flights per dajjicAllen (133.38
detected flights per day), and Philadelpliag8.96 detected flights per dags shown irrigurell.

Comparing the daily detection rate of these three high use sateatheir respective
estimatedesidentpopulations derivedfrom U.S. Census Burea@021), provides the means to
calculate a ratindicativeof the number ometropopulationrmembers (residents) to eaétected
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flight. There are notable population differences between the two larger metripol areas
featuring more than 1.5M residents (Chicado 2,696,555 and Philadelphi@A: 1,576,251 pand
the smallerless urbararea(McAllen, TX: 143,920residents Despitethe distinct difference in
observablepopulation McAllen, TX features a muchigher proportion of daily operatiorise.,
population use ratipthan the other two much larger metro regiagigsen the size of the resident
population(McAllen, TX: one flight per 1,079.02 residerds1:1,07902 ratiq Philadelphia, PA:
1:12,222.7%atio; and Chicago, 1L1:18,658.23atio). Chicagowould neecda 17.04 fold increase
in daily operations to equal the samaio at McAllen, TX, while Philadelphia would require a
11.16 increase in esbased ortheir respective population€alculating thepopulationuseratio
for the entire data setsults inthe identification of three locations where useagablyhigh, given
the respective populatiorl) Brownsville, TX (18.32 daily detection rate,661 population
1:527.40 ratio)2) Texas City, TX 87.88 daily detection rat&4,247population 1:617.28 ratio),
and 3) Freeport, TX 10.21 daily detection ratel0,594 population;1:1,037.26 ratio).
Alternatively, theareas with théowestuse ratiqin descending ordevyereNew York, NY (34.96
daily detection rate: 8,467,513 population; 1:242,191.30 raga)xramento, CA3(56 daily
detection rate’525,041 population; 1147532.18 ratio), and Los Angeles, CA 41.66 daily
detection rate: 3,849,297 population).
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Figure9. Mapof Drone Flights by Location (Jul 202Zlan 2022N=470,902)
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Table4. Drone Flights by ocation(N=422,380)

UAS
Total Daily Registrations

Location Days Flights Min  Max Mean Median  SD Rate §107  §44807
Atlanta, GA 186 17213 1 215 92.05 93 35.09 92.54301 5373 7483
Baltimore, MD 215 17380 1 395 80.46 76.5 43.22 80.83721 2986 4235
Baton Rouge, LA 84 650 1 21 7.74 7 468 7.738095 646 77
Boston, MA 87 1540 1 64 17.70 16 10.64 17.70115 2823 4509
Brooklyn, NY 173 1660 1 61 9.60 6 10.10 9.595376 1390 2624
Brownsville, TX 198 3627 1 56 18.32 18 8.76 18.31818 219 277
Bullard, TX 22 34 1 3 1.50 1 0.66 1.545455 191 232
Burbank, CA 184 10618 2 98 55.83 56.5 16.46 57.70652 4682 5699
Calexico, CA 211 7600 2 76 36.02 34 1291 36.01896 89 135
Charlotte, NC 185 6486 5 77 34.04 33 15.42 35.05946 2530 3640
Chicago, IL 215 31061 4 584 142.22 134 83.22 144.4698 4460 8315
Chillicothe, OH 107 569 1 26 4.93 4 4.31 5.317757 247 426
Cincinnati, OH 212 3287 1 70 15.50 14 9.77 1550472 1607 2642
Cleveland, OH 215 10573 3 513 48.95 445 42,06 49.17674 1677 2971
Concord, NH 48 97 1 6 2.02 2 1.15 2.020833 456 835
Corpus Christi, TX 28 580 1 60 20.71 19.5 12.32 20.71429 522 644
Dallas, TX 176 8688 6 108 48.07 45 20.35 49.36364 5033 8344
Del Rio, TX 182 838 1 21 4.60 4 3.20 4.604396 16 43
Denver, CO 147 1978 1 44 13.46 13 6.25 13.45578 5447 7467
Detroit, Ml 215 13815 3 175 63.53 58 36.83 64.25581 2058 4372
Douglas, AZ 207 1402 1 34 6.74 6 467 6.772947 13 24
Eagle Pass, TX 198 1375 1 29 6.91 7 426 6.944444 18 22
El Paso, TX 203 5895 1 122 28.90 28 13.53 29.03941 473 671
Ferndale, WA 91 398 1 25 4.37 2 490 4.373626 547 855
Fort Lauderdale, FL 203 6822 1 109 33.61 33 15.67 33.60591 2763 4430
Freeport, TX 89 909 1 26 9.80 9 556 10.21348 131 241
Houston, TX 185 11999 7 141 62.86 63 27.32 64.85946 5253 7978
International Falls, MN 128 303 1 10 2.37 2 166 2.367188 5 9
Kankakee, IL 163 733 1 15 4.36 3 3.01 4.496933 134 270
Laredo, TX 215 3297 2 55 15.33 14 7.28 15.33488 99 146
Las Vegas, NV 215 13987 7 212 63.83 64 21.04 65.05581 2274 3646
Lexington, KY 184 5615 2 65 29.27 30 13.61 30.5163 756 936
Long Beach, CA 140 7560 1 142 54.00 46 37.64 54 646 1119
Los Angeles, CA 145 6041 1 114 41.65 45 24.80 41.66207 3307 4572
Lynden, WA 110 666 1 26 6.05 45 5.50 6.054545 374 523
McAllen, TX 214 28117 8 289 129.61 1225 55.14 131.3879 417 478
Miami, FL 202 15359 2 184 75.66 73 28.29 76.03465 1840 3102
Minneapolis, MN 210 7568 1 107 36.04 34 23.12 36.0381 2946 4195
Naco, AZ 175 617 1 13 3.51 3 2.64 3525714 34 64
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Conclusions Examination ofurther data, in combination with additional investigation of
potentialinfluencing factorsas well as the findings ardktails in the following sections, may
provide further insight, evidencey detailsto addresghe following 1) Why some locations,
especially those witl low residentpopulation haverelatively high utiization rates; 2) Who is
using sUAS irsuchareas; 3)What further factors should be examined to understand how/why use
is higher inthe notedmunicipalities, compared to other locations with highidentpopulations
values, such as Los Angeletl (66 daily detection rat8,849,297 populatigri:92,393.32atio);

New York (34.96 daily detection rat8&,467,513 populatiort:242,19130 ratig, and San Diego
(68.63 daily detection ratet,381,611residentpopulation;1:20,131.91ratio); 4) If thereis a
discernibleconnectionwith peakutilization of UASFM gridsfor these areaper Task B.1.1
Airspace Use findingsand a highepopulation useatio; and 5)Any observable/ discernible
relationships between use and registration rate (TasWB&are estimated registration rates for
SUAS?. Further details and subsequent conclusions regarding airspawglluse presented in

future iterations of this report, as additional data, contextual observations, and analysis results
become available.

Future Research Recommendationskor future related research efforts it may be
beneficial toconductadditionaldata collection, analysis, and investigation of topics, attributes,
and research guestions highlighted here and in the subsections thatFollorriterationsof this
report may include additional recommendations concerning the collection, isolation, or further
investigation of relevant details, based upon observation, analysis, or inferences drawn from
contextual examination of materials. Such reoeendations are intended to support the definition
and development of future related research efforts that are beyond the scope of this project.

The following subsectioneepreseninvestigatedcharacteristicassociated wittcurrent
SUAS traffic over urbn areasincluding airspace use, number of operations, operational model
distribution and use, flight timing, active vs inactive populations, flight altitudes, flight durations,
and proximity to airportsThe coverage of each attribute featuresoatextual introduction,
discussion of findings, presentation of related figures and tahled concluding remarks
identifying applicable trends, implications, amither important details.

2.2.1.1 Task B.1.1Airspace Use

The research team compared sUdgrating location and telemetry of each sUAS flight
to evaluate airspace uskhis tabulatiorrepresented thealculated number dirspace touches,
with entries into separate classes of airspace counted only once pefHghtaterial is organized
and presented in terms afncontrolled (Gass G) and controlledC{ass B, C, D, andSurfacq
ClassE) airspacause; it does natpecifically identifyor classifyoperations that may have occurred
within include Class A,special useor other airspacareas(e.g., military training routesthose
areas encompassed in a temporary flight restrictiovational security arg¢a

Findings: Class G airspaceepresentedhe most extensive us#servedaccounting for
70% of all airspace usedther airspace useddluded(in descending order of observed usagss
B (14%), Class D (10%), Class C (6%) and Surface Class E)(«%%hown inFigure 12.
Individual airport airspace utilization metrics can be sedfigare13.
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The research team did not have access to LAANC approval Hatastimate LAANC
utilization, SUAS flights telemetries were assessed in a similar manner as airspace fogohes.
was logged each time a sUAS flight entkeenew UAS Facility Magrid. Flight altitudes were
compared to each grid ceiling to assess if the entry was compliardltitiide limitations.Total
utilization of UASFM grids within the sample area culminated in 358,826, with 7afZkghts
occurring below UASFM grid ceilings and 28.8% occurralspve UASFM maximum ceilings
shown in Figure 14. The preponderance of UASFM utilization occurred in 4@t grids,
accounting for 43.6% of all UASFM uselSxceedance rates tended to increase at low ceiling
levels, peaking in{@oot grids witha 49.2% exceedance raliels important to note that operators
canreceive permission to operate above UASFM ceilings by initially filing an automated LAANC
airspace approval request and coordinating with air traffic control to receive a manual LAANC
appoval for operation above the respective grid ceillgak utilization of UASFM grids within
the sample set was found at Miami International Airport [Mi#4X9,821), McAllen International
Airport [MFE] (n=19,044), McCarran International Airport [LASH£17,188) and Philadelphia
International Airport [PHL] =16,040)as shown irFigurel5.

Thedataindicates controlledirspace usen terms of the number of detec®dAS flights
For Class B there werea total of79,106airspace touchesepresentind.3.94% of the total The
average number dfAS flights detectedor this class was 1,521.27; the top thuselocations
were: Miami, FL (11,720airspace touchef.07% of total flight detections) Las Vegas, NV
(10,895 1.92%) andPhiladelphia, PA&,596;1.52%) For Class C, there were a total3#f,776
airspace touchesepresentin.42%6 of the total The average number fifght detections for this
class wa$91.85 the top three use locations weBerbank, CA 8,158;1.44%) West Palm Beach,
FL (7,668;1.35%) andFort Lauderdale, FL&,029;1.06%) For Class D, there were a total of
57,897airspace touchesepresentind.0.22%6 ofthe total The average number fhight detections
for this class wad,113.40 the top three use locations weMcAllen, TX (9,473; 1.67%)
Calexico, CA 6,115;1.08%) andDetroit, Ml (5,536;.98%) Finally, for Class Ethere were a
total of 2,070 airspace touwes representing36% of the total The average number dfght
detections for this class w&8.81 the top three use locations wekaredo, TX (,320;.23%)
Texas City, TX 892; .07%) andInternational Falls, MN238; .04%)
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Conclusions The total number ofobserved UAS flights occurring in Class G
(uncontrolled) airspacequaled393,545 (30.1%)while those ircontrolled airspacerere169849
(29.9% of observed flights)any observedperations in controlled airspaceay have been
conductedunderan approvedavaiverand arspace authorization

The FAA (2022), reports thaas of 2022.AANC covers 732 airports arttiere have been
more than 1 million LAANC airspace requests submitted through the UAS Data Exchange. The
disposition of these requests include 545,074 Partdfifests that were automatically approved,
352,77549 CFR 844809 [Recreational] requests that were automatically approved; and, 102,837
that were submitted for further coordinatiolhccording to FAA (2022akjirspacewaiver or
authorization submissiotata:16.7% 6 = 26,471) are requested for Class B airspace; 18.0% are
requested for Class C airspace; 54.8% 86,238) are requested for Class D airspace; and, 11.0%
(n=17,529) are requested for Class E airspace.

Additional analysis,including conparing the sampled data against known population
values may yield additional insigtb help inform future recommendations, as well as subsequent
analysis for this and other sUAS traffic attribut€s.date, the sampled data represézds than
20% of tre totalplannedsampling perioqseven of 3énonths).Further details and subsequent
conclusions regarding airspace uskbe presented in future iterations of this report, as additional
data, contextual observations, and analysis results become auailabl

Future Research Recommendations For future related research effoitsmay be
beneficial tocompare and contrastbserved airspace touches to filed and approved LAANC
authorizations(if available to investigator). Such comparisons nsapportidentification of
permissible use veuspotentialviolation. Future versions of this report may include additional
recommendations concerning the collection, isolation, or further investigation of relevant details,
based upon observation, analysis, oetiahces drawn from contextual examination of materials.
Such recommendations are intended to support the definition and development of future related
research efforts that are beyond the scope of this project.

2.2.1.2 Task B.12 Number of Operations

A cumulativecensus of national SUAS activity from all sampled locations is included, with
descriptive statisticsA census of all SUAS activitypresented for each sample areaalso
included.Traffic countsarebasedon he UAS det e ccERlighodentieaioniNpmbernt 6 s
(FIN). A FIN is recorded each time a new flight operation is deteétesingle sUAS flight may
be reissued a FIN in the event a SUAS loses line of sight witlutk® detectiorsensorThis may
result in a small number of flight duplicat®ieing recorded by the sensor, which the research
team considers to be an acceptable limitation for this stlidly.number of operations will be
furnished on a daily basis for each sample location (see appéFfttxesearch team will highlight
days of he year in which flight activity was abnormally higkbnormally high flight activityvas
defined as any day that exceeded the mean daily flight activity for the respective month plus one
standard deviationAn online calendar program called WinCalendeas used to identify
nationallysignificant holidays or dates of interest (Sapro Systems, 2022).

Findings: As previously indicated, a total 470,902 sUAS flightsvere recorded from
among a sUAS population df16,915 Figure 16 highlights daily sUASflight detections
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throughout the sampling perio@lear daily peaks and troughs are visibblehe resultant data
depictionshown inFigure 16. Descriptive statistics for cumulative monthly sUAS activity are
provided inFigure17 andTable5. Both mean and median valuieslicatean almost 20% higher
monthly flight activityfor August and Septembhazompared toemainder of the sampling period

It is unclear to the research team wiational sUASflight activity in July was diminished
compared to earliaybserved trendd his finding does not align with previous studies conducted
at DFW, which clearly shows flight activity peaking in the migdnmemonths of June and July
shown inFigure 18. Nationwide fight activity in October through Januacgntinues toshow
relative consistency.

An assessment of high adty days was conducted by identifying outlying activity levels
that were above at least one standard deviation of the mean for each calendarmesethesults
closely align with regional findings conducted at DFW, which indicate certain holidaysdyielde
higher sUAS flight activityMost prominent in the dataset, was July 4 (Independencevity)
4,905 sUAS flights, which was nearly five standard deviations from the monthly Qézer.
abnormally high activity daysSDF3BE Ocu2drm@dnovime c e mb «
holiday, SD=2.9), November 6 end of daylight savingstime; SD=2.9), and December 25
(Christmas DaySD=2.5). Additional results are presentedTiable6.
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Figurel7. sUAS Flight Activity by Month QuartilesfN=470,902)
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Table5. sUAS Flight Activity by Month(N=470902)

Jul Aug Sep Oct Nov Dec Jan
Mean 1741 2516 2626 2015 2213 2199 2036
SD 638.2662 265.3235 434.6477 332.0706 322.1881 641.6235 290.1355
Max 4905 3101 3533 2988 3141 4312 2492
Q3 17475 26335 2891.25 21835 2432 2383 2231.5
Median (Q2) 1657 2520 2612.5 2005 2202 2071 2033
Q1 1473 23525 2309.5 18015 1981.25 1769.5 1836.5
Min 1172 1906 1922 1321 1528 1262 1335
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Figure18. sUAS Flight Activity by Month at DFW Airport (Aug 2018ug 2021fN=475,257)
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Table6. Abnormally High sSUAS Activity(N=470,902)

Date Total Flights No. SD > Mean  Day of Week Holiday

3-Jul21 2393 1.020910899 Saturday Day before Independence Day
4-Jul21 4905 4.956572954 Sunday Independence Day
7-Aug-21 2935 1.578839745 Saturday
14-Aug-21 3101 2.204491165 Saturday
21-Aug-21 3034 1.951969206 Saturday
28-Aug-21 2975 1.729599124 Saturday

4-Sep21 3533 2.08720762 Saturday Labor Day Weekend
5-Sep21 3188 1.293461336 Sunday Labor Day Weekend
6-Sep21 3167 1.245146345 Monday Labor Day
11-Sep21 3470 1.942262646 Saturday Patriot Day (Sep 11)
25-Sep21 3407 1.797317673 Saturday

1-Oct-21 2446 1.297236766 Friday

2-Oct-21 2988 2.929419794 Saturday Mahat ma Ghandi
9-Oct-21 2427 1.240020018 Saturday

30-0ct-21 2357 1.029221472 Saturday Day before Halloween
31-Oct-21 2432 1.255077057 Sunday Halloween
6-Nov-21 3141 2.879580701 Saturday End of Daylight Savings
9-Nov-21 2637 1.315277169 Tuesday
10-Nov-21 2609 1.228371418 Wednesday
25Nov-21 2662 1.392871591 Thursday Thanksgiving
4-Dec21 2850 1.014814762 Saturday

25-Dec21 3788 2.476731216 Saturday Christmas Day
26-Dec21 3538 2.087094635 Sunday Day after Christmas Day
31-Dec21 4312 3.293409492 Friday New Years Eve
1-Jan22 2404 1.26881746 Saturday New Years Day
8-Jan22 2481 1.534210667 Saturday

13-Jan22 2492 1.572123982 Thursday

14-Jan22 2388 1.21367082 Friday

23-Jan22 2365 1.134397524 Sunday

29-Jan22 2467 1.485957357 Saturday

30-Jan22 2375 1.168864174 Sunday

Note: Abnormally high activity assessed as outlier values exceeding 1 SD from the mean.

Conclusions:Due to the short duratiaof the initialsampling, the research team is unable
to draw any firm conclusions abosg¢asonalitympacts on SUAS activity at this timgurther
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details and subsequent conclusions regarding sUAS actbased on seasonality and annual
trends, will be presented in future iterations of this report, as additional data, contextual
observations, and aryals results become available.

Seasonal influence on SUAS operations and associated attributes is also being investigated in
B.1.4 Time of Operationg;ask B.1.5 Active vs. Inactive SUAS Population; drask C.2 What

are exceedance rates for Daylighgeration [14 CFR107.29]?).The observations, findings, and
conclusions associated with thesesearchefforts may offer additional insight to this task,
specifically factors that may influentlee number obperations, such as seasonal dawn/dusk and
changes due to geographic location (e.g., latitudinal positioning).

Future Research Recommendationsfor future related research effortsmay be
beneficial to isolate and examine operational trends associated with specific geographigrregions
consideration ofthe potential effects of environmental factorge.g., seasonalprecipitation,
temperaturg visibility changes and available light levels Investigation of such detailmay
support identification of further trendand lead to an increaed understanding of factors
contributingto annual, monthly, and daibperationalisetotals.Future versions of this report may
include additional recommendations concerning the collection, isolation, or further investigation
of relevant details, basedpon observation, analysis, or inferences drawn from contextual
examination of materials. Such recommendations are intended to support the definition and
development of future related research efforts that are beyond the scope of this project.

2.2.1.3 Task B.13 Distribution of SUAS Flights by Model Over Time

An assessment of different DJI models flown over the sample period was conMadets were

categorized into like classifications to simplégalysis and interpretatioBvery flight assigned a
unigueFIN is counted as an operation under its respective model catégorsnonthly platform

utilization, unique platforms operated in separate moategounted separately (i,ea unique

platform operated in both the months of June and idutpunted under itsespective platform
category in both months).

Findings: An analysis ofthe SUAS model populationfrom detection dataevealedthe
following categorical composition, in order from largest to smatieptilation segments shown
in Figure19: Mavic Mini 2 (n=36,254, 310% of the sample populatignMavic Air 2 (n=19,999,
17.1%); Mavic 2 (=16,673, 14.3% Other =12,718 10.9%)Mavic Mini (n=12,562, 10.7%
FPV (n=5,501 4.7%); Air 2S (n=4,86Q 42%); Mavic Pro (n=4,12Q 3.5%); Mavic Air 2S
(n=2,306 2.0%);and unknownr{=1,922 1.6%). The data indicates th#te currentpopulation is
primarily made up ofmore modern DJI platformsyith far fewer legacy system (sucas the
Phantom or Inspire) product line€ollectively, commerciagrade ( i . e . , AQJF 0 s ume
platforms €.g.,Matrice-series) collectively made up less than .1% of the population.

Monthly platform utilization information can be seerFigure20. Monthly platform use
showed an uptick in August and September, plateauing in theneen of the sampling period.
The research team noted an approximate 5% drop indghéhiyiplatformutilization of the Mavic
2 Enterprise platforms in the final two months of the sampling peRetkase of the Mavic 3 in
November 2021 shows strong initial utilization, which may displace utilization from legacy
platforms.The Mavic Mini 2 shows additional growth, with a similar downtrend in use of the
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Mavic Mini series.Thisis potentiallyindicativethat consumers are upgrading tHegacyMavic

Mini platformfor the newer modeMini 2 (i.e., abandonment in favor afmore recent design
Mavic Air models also show recent diminishiplgitformactivity, but without the accompanying
increase iplatformactivity for the newer Mavic Air 2 modeThe FPV drone shows a nearly 50%
growth inplatform use but still represents alatively small proportion of the overall detected
SUAS population§% of total populatiohas seen iseeFigure21. Monthly flight activity seems

to closely reflectthe pattern of unique monthly platform usehown in Figure 22. The
proportionality of the number of flights by model category is also closely aligned with the monthly
platform utilizationas shown irFigure23.
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Figure19. UAS Population by SUAS Typ@=116,915)
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Figure21. Proportion of Unique sUAS Serial Numbers per Month by sUAS Model Category
(N=116,915)
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Figure23. Proportion of SUAS Flights by Model Categdiy=470,902)
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Table7. Correlation Between Unique Monthly Platforms & Total SUAS Flights470,902)

Model Category r Unique Monthly Platforms Flights Intensity
A3 9 34 3.778
Agras 1 1 1.000
FPV 8760 30639 3.498
Inspire 1 Series 159 356 2.239
Inspire 2 Series 734 2270 3.093
M100 Series 8 17 2.125
M200 Series 78 253 3.244
M200 V2 Series 717 6004 8.374
M300 Series 758 5471 7.218
M600 Series 70 184 2.629
Mavic 2 Enterprise 30363 84115 2.770
Mavic 3 Series 2007 6182 3.080
Mavic Air 2220 3707 1.670
Mavic Air 2 Series 44192 110249 2.495
Mavic Mini 2 Series 55030 146200 2.657
Mavic Mini Series 19312 38985 2.019
Mavic Pro 6090 13287 2.182
P3Series 954 1900 1.992
P4 Series 5024 14075 2.802
Spark 808 1303 1.613
Unknown 2569 5670 2.207
TOTAL (Cumulative)  0.994 179863 470902 2.618
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Figure24. Intensity of Use to Price (N=470,902)

Conclusions:Initial indications suggest there is a relationship between the number of
model platforms and the number of flights performed each nam#hown in
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Table7. APearsao 6s Correl ation was performed on the
monthly flights by platform, revealing a very strong correlatida7) = .99 Additional analysis
on this relationship will be conducted as additional data becomes available.

There arealsoseverahotableobservatios connected to consumer behavioatmay help
inform future trending analysis. First, users appear toepéacingtheir legacy Mavic Mini
platformsfor the newer model Min2, which potentially representbhandonment in favor @in
upgrack to amore recent desigi\lternatively, Mavic Air models also show recent diminishing
platform activity, but without the accompanying increase in platform activity for the newer Mavic
Air 2 model Therecently introducedPV platformshows a nearly 50% growth in platform use,
but still represents a relatively small proportion of the overall detected sSUAS popultipn (
shown inFigure20. The observed monthlifight activity seems to closely reflect the pattern of
unique monthly platform uses shown irFigure 22 with the proportionality of the nmber of
flights by model category also closely aliggwith monthly platform utilizationshown inFigure
20. Further details and subsequent conclusions regandaagl use over time will be presented in
future iterations of this report, as additional data, contextual observations, and analysis results
become available.

Additional sections also featurimgsearchof model classification include Task B.1AGtive vs.
Inactive Population;Task B.1.7Flight Durations; Task B.3Where do sUAS fly and at what
altitudes are they flying at?Task B.4 Can rough estimates be made regarding sUAS
retirement/abandonment ratesTask B.6What percentage of the detected sUAS pdiauma
weighs less than 0.55 Ibs and is not required to be registefieal) C.1What are exceedance
rates for Operations from a moving vehicle [14 CBRO7.25]?; and Task C.3What are
exceedance rates for Visual Line of Sight Aircraft Operations [14 §IFR.31]?).

Future Research Recommendationsfor future related research efforise further
investigation of associated usefe.g., public safetyaerial filming, and other categorical
applications)and communitiesmay help to identifjfhow such models afgeing usedwithin the
NAS, includingpotentiallimitations and risksto supporfuture evaluation and consideration of
operational use requests or waiveFaiture versions of this report may include additional
recommendations concerning the collecti@o)ation, or further investigation of relevant details,
based upon observation, analysis, or inferences drawn from contextual examination of materials.
Such recommendations are intended to support the definition and development of future related
research #orts that are beyond the scope of this project.

2.2.1.4 Task B.14 Time of Operations

An aggregation of detected sUAS flight timeas presented by day of week and local time of
detection A line graph is presented indicating the total number of flights during each day of the
week and hour of the day. A heat chart indicates days and hours of aggregated peak flight activity,
based on the proportion of SUAS activity relative to the cumul&tia.

Findings: sUAS flight activity was noted to increase towards the end of the week, peaking
midday on weekend days Friday, Saturday, and Sundayshown irFigure 25 and Table 8.
Generally,flight activity on each day increasever the early morning untdrestingduring the
late morning to early afternoon houfis pattern was similar on weekend days, with slightly
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higher flight activity as shown ifrigure26. Table9 shows proportional flight activity during each
day of the week and hour of the day (local tirlghm the initial data capture and analysise
effects of longetermseasonal influencesuch asn increase in the availabyliof daylight(post
winter solstice)are not clear. However, as the data sampling is increasadpnagffects and
subsequent trendse anticipated to become more readily observable.
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Figure25. UAS Activity by Day of WeeKN=470,902)
Table8. Cumulative & Proportional SUAS Activity by Day of We@k=470,902)

Day of Week Total Flights Proportion
Monday 60219 12.8%
Tuesday 60566 12.9%
Wednesday 62344 13.2%
Thursday 65350 13.9%
Friday 69482 14.8%
Saturday 79488 16.9%
Sunday 73453 15.6%
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Figure26. SUAS Activity by Day of Week and Hour of DgiN=470,957.
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Table9. Heat Chart of SUAS Flight Activity by Day of Week and Hour of Day (Lddaie)(N=470,957;
includes data from June 31, 2021)

Hour (L) Monday Tuesday Wednesday Thursday Friday Saturday Sunday n

0 0.2% 0.2% 0.2% 0.2% 0.2% 0.3% 0.2% 6935
1 0.2% 0.2% 0.2% 0.3% 0.3% 0.3% 0.3% 8359
2 0.3% 0.4% 0.4% 0.4% 0.4% 0.4% 0.4% 12579
3 0.4% 0.5% 0.5% 0.5% 0.5% 0.6% 0.5% 16120
4 0.5% 0.6% 0.6% 0.6% 0.6% 0.6% 0.5% 18574
5 0.6% 0.6% 0.7% 0.7% 0.6% 0.7% 0.6% 21303
6 0.7% 0.7% 0.7% 0.8% 0.8% 0.9% 0.7% 24509
7 0.8% 0.8% 0.8% 0.9% 0.9% 1.0% 0.9% 28703
8 0.8% 0.9% 0.9% 0.9% 1.0% 1.2% 1.1% 32308
9 0.9% 0.9% 0.9% 1.0% 1.0% 1.2% 1.1% 33392
10 1.0% 1.0% 1.0% 11% 1.1% 1.3% 1.2% 35465
11 1.1% 1.1% 1.1% 11% 1.1% 1.4% 1.3% 38283
12 1.0% 1.0% 0.9% 1.0% 1.1% 1.2% 1.2% 34930
13 0.8% 0.8% 0.8% 0.9% 0.9% 1.0% 1.1% 29654
14 0.7% 0.7% 0.7% 0.7% 0.8% 0.9% 1.0% 26372
15 0.6% 0.6% 0.6% 0.6% 0.7% 0.9% 0.9% 23046
16 0.6% 0.5% 0.5% 0.5% 0.7% 0.8% 0.8% 20712
17 0.5% 0.4% 0.5% 0.5% 0.6% 0.7% 0.7% 17811
18 0.3% 0.3% 0.4% 0.4% 0.4% 0.5% 0.5% 12990
19 0.3% 0.3% 0.3% 0.3% 0.4% 0.4% 0.3% 10761
20 0.1% 0.1% 0.2% 0.2% 0.2% 0.2% 0.2% 5601
21 0.1% 0.1% 0.1% 0.1% 0.1% 0.1% 0.1% 3538
22 0.1% 0.1% 0.1% 0.1% 0.2% 0.1% 0.1% 3653
23 0.1% 0.1% 0.2% 0.2% 0.2% 0.2% 0.1% 5359

Conclusions:Examinatiorand interpretation of the curresatarelated to this task resulted
in limited observations and findingdue to the limitedimeframe of this initialdata collection
segmentFurther details and subsequent conclusions regasiidg operational timingvill be
presented in futurgerations of thigeport as additional data, contextual observations, and analysis
results become availableasonal influence on sUAS operations and associated attributes is also
being investigated imask B.1.2Number of OperationsTask B.1.5Active vs. Inactive sUAS
Population andTask C.2What are exceedance rates for Daylight Operation [14 CFR 8107.29]?
The observations, findings, and conclusions associated thatseresearchefforts may offer
additional insighto this task, specificallfactorsthat may influencéme ofoperationsand model
categorization

Future Research Recommendationsfor future related research effortsmay be
beneficial tanvestigate the feasibility afifferentiaing the following:civil/public (14 CFR 810y
versus recreationaluse implementationby businesses/organizatior(gse., full time) versus
supplemental/part time work ysendtime of year/ seasonalifyvinter, spring, summer, and fall
or infout ofdaylight savings)in relation tolocal dawn, middaydusk, and nightFuture versions
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of this report may include additional recommendations concerning the collection, isolation, or
further investigation of relevant details, based upon observation, analysis, or inferences drawn
from contextual examination ohaterials. Such recommendations are intended to support the
definition and development of future related research efforts that are beyond the scope of this
project.

2.2.1.5 Task B.15 Active vs. Inactive sUAS Population

The research teatabulatel SUASmodels(as assessed by individual unique serial number)
that remain in active service over a period of 90 dilsdelsweretracked using their assigned
electronic serial numbemndcategorized into like classificationsynsolidating suimodels of the
sametypeApl at f orm was determined to be fAactiveo
January 31, 2022.

Findings: The active sUAS platform population remained relatively high during the
sampling period, with 51.4% of platforms=60,144) active within the 90 dagsecedinghe end
of the sampling period (January 31, 2p22hown inFigure 27. There did not appear to be
significant disproportinality within the dataset, indicating that actiwgrsusnactivity was fairly
consistent across platform typ@&$ie most notableeduction in activity ibactivity) wasassociated
with theMavic Mini 2 series 16861 cases of inactivity46.63% of theseries 14.53%of the total
population) seconemostwaswith theMavic Air 2 series 13,295;48.28% of theseries 11.46%
of the total population)andthethird-mostreductionwas associatedith theMavic 2 Enterprise
series 8,895;51.42% of the seried,67% of the total populationyhese notable reductions were
most likely due to greater overall ratef adoption within the user segment, as eatdo
represented the top threest active platforms, in the same sedia¢iorder(19,297 [Mavic Mini
2]; 14,240 [Mavic Air 2]; and,405 [Mavic 2 Enterprise])Calculatingthe percentagaactive
within a given seriesesulsin identification of10 platform serieshatfeatue an inactivity rate of
50% or morén descending order}l) M100 (1:7 active to inactive ratio37.50% inactivity rate)
2) Mavic Pro 879:1354;60.64%); 3Mavic Air (170:259;60.37%); 4)P3 301:451;,59.97%); 5)
Spark 01:128;58.45%); 6) Inspire 1 23:30;56.60%);7) M200 (23:28;54.90%);8) Mavic Mini
(6,5747,347;52.78%); 9)P4 (1,4691,606;52.23%); and 10Mavic 2 Enterprise,6811,779;
51.42%).
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Figure27. Distribution of Active vs. Inactive SUAS Populati¢i=116,043)

Note: Reflects proportion of active vs. inactive SUAS populafi@mtal active platforms were
60,144 (51.4%), inactive platforms numbered 55,899 (47.8%) with 872 platforms (.7%) removed
from the complete dataset.

Conclusions: The research team highlights that the utility of this data is fairly limited
without further @ta collectionDuring the second annual report, the criteria for inactivity will be
increasedfrom 90days to six months(180-days) which should provide a more accurate
assessmenthe data from subsequent investigation should thedpresearch teato potentially
ascertairwhether inactivity is due to seasonal influence or platform abandonketiier details
and subsequent conclusions regarding the examination of the active versus inactive population will
be presented in future iterations of this répas additional data, contextual observations, and
analysis results become available.

Seasonal influence on sUAS operations and associated attributes is also being investigated
in Task B.1.2Number of Operationsask B.1.4Time of OperationsandTask C.2What are
exceedance rates for Daylight Operation [14 CFR 8107.2#H@ditional sections also featuring
researchof model classification includ€ask B.1.3Distribution of SUAS Flights by Model Over
Time Task B.1.5Active vs. Inactive sUAS Polation Task B.1.7Flight Durations Task
B.3 Where do sUAS fly and at what altitudes are they flyingTa8k B.4Can rough estimates be
made regarding sUAS retirement/abandonment rat€a8k B.6What percentage of the detected
SUAS population weigHsss than 0.55 Ibs and is not required to be register&éd8k C.1What
are exceedance rates for Operations from a Moving Vehicle [14 CFR 8]®7&%Task
C.3What are exceedance rates for Visual Line of Sight Aircraft Operations [14 CFR 8107.31]?
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The observations, findings, and conclusions associated with tlessarchefforts may offer
additional insight to this task, specifically factors that may influenteity.

Future Research Recommendations:Future versions of this report may include
additional recommendation®garding investigation of the active versus inactive sUAS user
population based upon observation, analysis, or inferences drawn from contextual examination of
materials. Such recommegtttbns are intended to support the definition and development of future
related research efforts that are beyond the scope of this project.

2.2.1.6 Task B.16 Flight Altitudes

An aggregation of maximum sUAS flight altitudas reported by the SUAS detection
equpmentwill be presentedAltitude is reported irfeet above dunch location, which should
reasonably reflect AGL altitudes, provided surrounding terrain does not exhibit significant
elevation differences.

Findings: The research team is working to addrassnconsistency in this dataset, as the
total number of flights sampled for this metric exceeded the total number of flights available by
1.0% (=5,146).It is notable that some of the contributed data from the data service providers
come from oversea®srces, which are filtered from analytics metritise research team believes
that this metric may not be filtering properlg.spite of this error, the research team believes this
data to be reasonably valid due to the large sample size.

Approximately B.9% of flights in the sample set were found to be operating below 400
feet shown inFigure 28. High utilization rates were noted for the 3000 footaltitude levels
(24.3%) and 10@00 foot levels (23.3%}:light activity above 400 feet is somewhat concerning,
as 213% of flights apear to be operating at altitudes that are not generally permitted under 14
CFR 8107.51 and 49 USC 844808.is notable that the only a small fraction of the flights are
operated above 2,000 fedithe research team believes that the substantial reduatiBights

A

above 2,000 feet are | argely due to DJIO6s wus

meters (1,640 feet).
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Figure28. Cumulative Distribution/Proportion of SUAS Flight Altitud@d=476,048).

Conclusiors: Observed exceedances may have been approved for operationthender
LAANC system ol waiver(8107.51)

It is possible that some detected altitude exceedances were conducted in accordance with
FAA waiver criteria articulated in 14 CFR 8107.20%ccording to the FAA, the agency received
4,007 requests to deviate from altitude limitations. Of those requests, 500 (12.5%) were withdrawn
by the submitter before disposition, 3,215 (80.2%) were disapproved, 75 (1.9%) are pending
agency review, and 21(3.4%) were approved.

It is also possible thatsome altitude variation may be due to variabiktithin the
environmentsuch as terrain slope rising away from the launch pathtthe SUAS maintaining
a fixed altitude above the increasing slophile still within acceptable visual line of siistance
to the operatorf-urther details and subsequent conclusions regastlAS flight altitudeswill be
presented in future iterations of this report, as additional data, contextual observations, and analysis
results become available.

Future Research Recommendationsfor future related research efforitsmay be
beneficial to investigatdime of Year, Time of Daylocation of observed exceedancasd
specific model typeso determineif there are any discernible connections or pattefusure
versions of this report may include additional recommendations concerning the collection,
isolation, or further investigation of relevant details, based upon observation, analysis, or
inferencedrawn from contextual examination of materials. Such recommendations are intended
to support the definition and development of future related research efforts that are beyond the
scope of this project.

2.2.1.7 Task B.17 Flight Durations

A mean of sUAS flight drations (seconds) for each sUAS modelcalculated, with flight
durations determined bgvaluating the time differential between the initial detection and final
detection of a SUAS the same assigned. FIN
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Findings: The research team evaluated detectiatado assess the distribution of flight
durations.More than 56.6% of platforms flew for a period of less thaa-minutes, 20.2% of
platforms flew betweefive and 10 minutes, and 23.2% of platforms flew for greater than 10
minutes.The distribution offlight durations and meangeapresented irFigure 29. Table 10
featurespower availabé values, presented in secondsds)] asadvertisedoy themanufactuer.
The individual percent powerused values werecalculated by dividingeach reported mean
durationvalue as observed ifrigure 29, by the manufacturer advertisesx flight timevalues.
The subsequergercentpower remainingvas calculated by subtracting thercent power used
from 100percent. The mean duration values for each model type were also compared to
manufactureadvertisednaximum flight time(i.e., operational endurance) to calculpgrcentage
values for power used and remaining, as wel@®mpanyinglescriptive statisticd he average
operational flight time available across model types is 1,763.33 se@®@$9 (minutes), with
platforms using jpproximately 23.9% of their available power, leaving 76%0in reserveThe
lowest observedcalculatedvalue forpercent power remainingias 63.24%Inspire 2 series),
leaving anotablepercent of poweremaining for emergenayse.Theexamination of theaptured
data and the calculated valueshown inFigure29 andTable 10, supports the observations that
smaller platformsgenerallytended to fly shorter duration flight$or example thse series
weighing300gor less Spark[217 £conds3.62 ming, Mavic Mini [302 second$5.03 mins], and
Mavic Mini 2 [377 seconds6.29 mins) flew an average of 298 seconds (4.97 mihgyger
platforms such as the Matriog1100 [3,600 g]M200 [3,800 g]M200 v2 §,690 g],M300 [6,300
g], M600 [9,960 g] andInspire series (v.13,060 g]and v.2 [4,250 g])have exhibited longer
flight durationsof greater thad95 seconds3(25minutes.

74



THIRD PARTY RESEARCH. }Th{MﬂstéumRREh

Alliance for System Safety of UAS through Research Excellence

100% 800
0,
90% 700
2 80% —
5 600 B
L 70% 3
%) @
S 60% 500 §  pmmm>15m
7] c
o -
= 50% 400 S mm 10-15m
S 5 m 5-10m
£ 40% 300 0
8_ % . 4-5m
S 30% I o
S I I 200 S  wmmm3-4m
0,
20% I 2-3m
10% l I 100 . 1-2m
0 . m <1m
OAJ25.9.98&.9%8-2.9@;.9.9$888§§O
= = T ¢ O e () = = P o = =
L o o [} o) L O @ o O Mean (s
BEEEEEE282883:885 ¢ ©
8g8Sg8sg 29 fTeEzRS =
2238 > ® @ o g I £33 = >
Q O > = o0 = = 0o ®© o = o
2 2 g € = S o S
T = w £33
N
Q =
>
o
>

Figure29. Distribution of SUAS Flight Durations by Model Categ¢N=476,04F).

Note: Chart utilizesan abbreviated list of SUAS models, consolidating-mgdels of the same
type.
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Table10. sSUAS Models Power Usadbl=476,047).

Drone Group Max Flight Time (s) Percent Power Used Percent Power Remaining
A3 NA NA NA
FPV 1200 26.79% 73.21%
Inspire 1 Series 1080 27.80% 72.20%
Inspire 2 Series 1620 36.76% 63.24%
M100 Series 1320 8.28% 91.72%
M200 Series 1620 30.65% 69.35%
M200 V2 Series 2160 33.91% 66.09%
M300 Series 3300 22.04% 77.96%
M600 Series 2100 24.04% 75.96%
Mavic 2 Enterprise Series 1860 25.52% 74.48%
Mavic 3 Series 2760 21.43% 78.57%
Mavic Air 1260 21.56% 78.44%
Mavic Air 2 Series 2040 18.67% 81.33%
Mavic Mini 2 Series 1860 20.25% 79.75%
Mavic Mini Series 1800 16.75% 83.25%
Mavic Pro 1620 21.74% 78.26%
P3Series 1500 20.45% 79.55%
P4 Series 1680 30.96% 69.04%
Spark 960 22.60% 77.40%
Unknown NA NA NA
Mean 1763.33 23.90% 76.10%
Median 1620 21.89% 76.68%
Mode 1620 NA NA

Min 960 8.28% 63.24%
Max 3300 36.76% 91.72%

Note: Given that the DJA3 (ProFlight Controlle) does not represent a specific platform and the
elementsvithin theUnknowncategory cannot be determth@ssociated power usage values could
not be calculated for either of these categdinegorted as NA)

Conclusions:Further detds and subsequent conclusions regarding flight duratudhbe
presented in future iterations of this report, as additional data, contextual observations, and analysis
results become availablé&dditional sections also featuringgsearchof model classitation
includeTask B.1.3Distribution of SUAS Flights by Model Over Timieask B.1.5Active vs.
Inactive SUAS PopulatignTask B.3Where do sUAS fly and at what altitudes are they flying
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at?, Task B.4Can rough estimates be made regarding sSUAS retirdatmridonment
rates? Task B.6What percentage of the detected SUAS population weighs less than 0.55 Ibs and
is not required to be registeredPask C.1What are exceedance rates for Operations from a
Moving Vehicle [14 CFR 8107.P%5 andTask C.3What areexceedance rates for Visual Line of
Sight Aircraft Operations [14 CFR 8§107.33]?

Future Research Recommendations:Future versions of this report may include
additional recommendations regarding the investigation of SUAS operational flight durations,
based upon observation, analysis, or inferences drawn from contextual examination of materials.
Such recommendations are intended to support the definition and development of future related
research efforts that are beyond the scope of this project.

2.2.1.8 Task B.1.8 Proximity to Airports

The research team evaluated SUAS operations location (based on homepoint) to determine its
proximity to nearby aerodromes, including airports, heliports, ultralight facilities, seaplane bases,
balloon facilities, and glider pa@tThe analysis included all facilities within 5 SM of each SUAS
operation.

Findings: A total of 1,577 aerodromesere included in the samplas shown irFigure
30. Figure 31 shows he number of operations near heliports vastly outnumbered all other
aerodrome typedikely due to the larger number of heliports within the sangpiireasOnly a
small number of operations were found to occur within .5 SM from each aerodmpen©nly
28,601 sUAS operations came within %2 SM of a heliport, which represents approximately 1.6%
of the total sampld-igure32 shows the proportionality of SUAS operations within proximity to
aerodromes within each distance bucket.
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Conclusions:Further details and subsequent conclusions regarding airport prowithity
be presented in future iterations of this report, as additional data, contextual observations, and
analysis results become availaliBven the high number of observatsnear heliports, it can be
assumed that findings amdnclusions associated with this task will share common connections,
influencing factors, and other contextual elements Wigirask E.1.3Proximal VTOL Facility
Impactg investigationwhich featuesexamination of heliporspecific data to serve asalog to
Avertiports. o

Future Research Recommendations:Future versions of this report may include
additional recommendations concerning the investigation of SUAS airport proximity, based upon
observation, analysis, or inferences drawn from contextual examination of materials. Such
recommendations are intended to support the definition and development of future related research
efforts that are beyond the scope of this project.

2.2.2 Task B.2: What & estimated registration rates for SUAS?

TheUAS detection equipmembllects data relating to SUAS launch locations, also known
as the "homepoint.” A primary operating area (zip code regvasipetermined for each detected
SUAS by:1) The preponderancef homeoints detected within a single zip code region7 ¢
zip code region in which the initial homepoint was detected; oFh&)zip code region in which
the initial flight was detected\ census of SUAS platformsasreported for each zip cedegon.
The FAAprovidal the research teawith a current database of aggregated sUAS registrations by
zip code.The research team evaluatiy@ number of SUAS platforms detected within each zip
code region relative to the FAA'sgistration datalt is impottant to note that not all SUAS are
required to be registeredccording to the FAA (2029 , A Al | drones must be
those that weigh 0.55 pounds of less (less than 250 grams) and are flown exclusively under the
Exception for Recreational y@rs [hobbyist use]t is also notable that drones flown exclusively
under the provisions of 49 U.S.C. 844809 are permitted to have multiple SUAS registered under a
single registration number issued to the opedatbis is differentiated from sUAS regisesl for
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commercial (14 CFR 8107) use, in which each individual sSUAS platform is issued a unique
registration numbefThe National Academy of Public Administration (2020) estimates that the
true number of drones operated under 49 U.S.C. 844809 can beaelgoesamated by adjusting

the number operator registratidmg an additional 40%

Findings: Figure33shows a national heat map showing the ratelUASflight detections
from SUAS detection equipment relative to the number of SUAS registrations in each area. Since
there is a large potentifdr data skewing in areas of inadequate detection coverage, the research
team confined the analysis to the top 30 platform zip code detection loc&tmnsurprisingly,
large urban areas exhibited the highest rates, suggesting that larger numlatierof detections
of individual, serializedsUAS platforms were detected when compared to the number of
registrations in that particular arébable 11 shows the relate number of detected platforms,
number ofl4 CFR8107 registrations, hobbyist registrations, and remote pilots in each zip code
area.The research team believes the most accurate values are represented when the number of
platform detectionsyegistrations, and remote pilot values are high, such as that reflected by zip
code 77573 (League City, T>X3imilarly, the value of uniquelatformdetections per remote pilot
is relatively lowd 4.129 indicating that four unique platforms were detectedelach14 CFR
8107-certificated remote pilot in the area. Another reasonable example is zip code 92101 (San
Diego, CA), with a relatively high value of registrations and remote pitothis area, thplatform
detectionto-registration rate is 2.18, agitly higher value than that detected in League City, TX.
In San Diego, the ratio of unique platform detections to remote pilots i8 &d&ly double that
of League, TexaslThese higher valuamayindicate San Diegbas a slightly lower registian
compiance rate.
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Figure33. SUAS Detections to Registration Ratio by Locatibir 82,081 [Part 107]; 124,738 [844809])
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Tablell Top 30 sUAS Platform Detection Locations with SUAS Registrationdamaote Pilot
Certificates (N= 82,081 [Part 107]; 124,738 [844809])

Platforms /

Zip Detected Part Adjusted Registration Platforms

Code Platforms 107 Hobby  Hobbyist** Rate RP to RP Rate City, State
60605 1530 49 77 108 9.757653 21 72.85714 Chicago, IL
90068 1269 59 75 105 7.737805 31 40.93548 Los Angeles, CA
48207 1218 12 22 31 28.45794 10 121.8 Detroit, Ml
30318 1184 59 82 115 6.812428 64 18.5 Atlanta, GA
48226 1060 27 11 15 25 6 176.6667 Detroit, Ml
85281 950 143 110 154 3.198653 66 14.39394 Tempe, AZ
11201 870 90 96 134 3.877005 29 30 Brooklyn, NY
28202 865 50 33 46 8.991684 33 26.21212 Charlotte, NC
89109 807 25 33 46 11.33427 7 115.2857 Las Vegas, NV
33480 785 9 22 31 19.72362 6 130.8333 Palm Beach, FL
89103 764 22 42 59 9.455446 13 58.76923 Las Vegas, NV
90731 745 45 77 108 4.875654 30 24.83333 San Pedro, CA
70130 737 23 24 34 13.0212 14 52.64286 New Orleans, LA
30313 726 14 18 25 18.52041 2 363 | Atlanta, GA
60616 700 45 88 123 4161712 21 33.33333 Chicago, IL
77573 676 153 204 286 1.541268| 164 4.121951 League City, TX
89118 649 58 44 62 5.426421 19 34.15789 Las Vegas, NV
33019 613 26 49 69 6.479915 29 21.13793 Hollywood, FL
77571 601 42 76 106 4.049865 17 35.35294 La Porte, TX
32819 599 104 77 108 2.82814 37 16.18919 Orlando, FL
30309 590 77 90 126 2.906404 64 9.21875 Atlanta, GA
60608 586 42 68 95 4.271137 25 23.44 Chicago, IL
60657 583 53 109 153 2.835603 40 14.575 Chicago, IL
48201 579 6 19 27 17.76074 3 193 Detroit, Ml
79912 560 85 108 151 2.370872 89 6.292135 EIl Paso, TX
92101 548 145 106 148 1.867757 65 8.430769 San Diego, CA
60613 539 81 100 140 2.438914 39 13.82051 Chicago, IL
33130 531 49 92 129 2.986502 27 19.66667 Miami, FL
94107 531 84 116 162 2.155032 28 18.96429 San Francisco, CA

West Palm Beach,

33401 530 71 58 81 3.48226 35 15.14286 FL

** Note: Adjusted Hobbyist provides an estimated number of platforms operated by registered
hobbyists based on recommendations from the National Academy of Public Administration
(2020).

Conclusions: Additional data is required before the research team is prepared to draw
conclusionsFurther details and subsequent conclusions regarding estimated registration rates will
be presented in futurigéerations of thisreport as additional data, contextual observaticary]
analysis results become available.
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Future Research Recommendatidfa: future related research effoittsnay be beneficial
to compae calculated registration rates Task B.1 location datas well agesident population
values (i.e., populatiogensity)to determine if there is an observable relationship between use and
registration.Future versions of this report may include additional recommendations concerning
estimaing registration ratesbased upon observation, analysis, or inferences difagm
contextual examination of materials. Such recommendations are intended to support the definition
and development of future related research efforts that are beyond the scope of this project.

2.2.3 Task B.3: Where do sUAS fly and at what altitudes are tfigiyng at?

The research teaplanned toassesand aggregate the launch (origination) locations of
SUAS acivity using homepoint datto correlatewith the relevant land use category in the 2015
U.S. land use survetdowever,detailed land use data istravailable for all sampling areashe
development of this task was originally designed based on sUAS detection data derived from
DallasFort Worth International AirportDetailed land use data was available from the Regional
Data Center 0sexMNosr tGo uQentlr aof TGover nment ds ( NC
database, which categorized 33 types of land use within the region (NCTCOG, 120d®).
absence of this datas#te research team is using the National Land COVe€) Database (U.S.
Geological Swvey, 2018)Whi | e not as detailed as the NCTCOC
categorizes land use on a national scale into one of eight land cover categories (U.S. Geological
Survey, 2018).

Server access to this query the NLC dataset is problechai¢o recurrent connectivity
drops.The research team is working to download the complete dataset for the selected sample
areas to complete this tagkurther reporting on this task will be deferred to a future annual report
while the team solves theselaical problems.

Findings: For this initial report, the research team leveraged data from the DFW study,
conducted from August 2048ugust 2021This study evaluated operations from 29,839 platforms
over the 36month sampling periodNearly 80.5%of flights(n=387,432)conducted in proximity
to the DFW contained origation (homeoint) location dataBased on sUAS detection data, the
following areas were most commonly used as launch locatsingte-family homes (27.9%),
parks/recreation areas (14.2%pmmercial spaces (12.1%), vacant lots (12.0%), rfattily
homes (6.6%) and education facilities (5.9%)e aforementioned categories accounted for 78.8%
of SUAS flights.Additional details on origination location can be observeeigure34.

The research team suspects that large proportion of these flights represent
hobbyist/recreational SUAS operators launching platforms from their hem®&nder this
assumption ite research team isolated flights originating from shgheily homes to identifghe
distribution of sUAS platforms used and number of flights perfornter. believed that this
method will more accurately identify flight characteristicshabbyist/recreational operators.
Results are presentedfkigure35andTablel2. Theinitial findingsappeato supportaresearcher
hypothesisthat hobbyist and recreational operators show a preference towards smaler,
capable sUAS platform&.g., DJI Mavic family of productsjhis notion is further supported by
observatios and findingsmade in support of Task B.&8\Mhat percentage of the detected sUAS
population weighs less than 0.55 Ibs and is not required to be regisjexb@Pefurther market
consolidatiorappears to be trending towam$optionand use osmaller lighter platforns.
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Figure34. Land Use Types of SUAS Launch Locations around DFW Airport (August-20g8st
2021YN=130,572)

MavicPro
18%

Figure35. Distribution of Suspected Hobbyist/Recreational Platforms, D¥ifort (August 2018
August 2021()N=10,919 [platforms]; 108,153 [flights])
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Tablel2 Table of Suspected Hobbyist/Recreational Platforms, DFW Airport (August20g4&st
2021)(N=10,919 [platforms]; 108,153 [flights])
Proportion-  Proportion-  Flights /

Drone Type Platforms Flights Platforms Flights Platform
Mavic 2 2107 28915

Mavic Pro 2019 18853

Mavic Mini 1623 11551 10.7%

Mavic Air 2 1427 19680 13.8
Mavic Mini 2 1101 9864 9.1% 9.0
MavicAir 725 4757 6.6% 4.4% 6.6
unknow 617 5274 5.7% 4.9% 8.5
P4 Series 383 2063 3.5% 1.9%

Spark 188 691 1.7% 0.6% -
FPV 143 2123 1.3% 2.0% 14.8
P4pP 109 613 1.0% 0.6%

P4P 2.0 95 1036 0.9% 1.0% 10.9
Mavic Air 2 S 80 585 0.7% 0.5% 7.3
P3 Series 65 204 0.6% 0.2%

Inspire 1 48 127 0.4% 0.1% -
null 48 509 0.4% 0.5% 10.6
Mavic 2 Ent. 34 202 0.3% 0.2% 5.9
P3P 29 75

P4 21 236

Inspire 2 17 140

M200 V2 8 208

P4RTK 6 83

M300 RTK 5 138

P4 RTK 5 38

M100 4 36

Mavic 2 Ent. Adv. 4 47

M200 3 26

P3S 2 6

P4A 2 43

M600 Pro 1 28

M600 0 2
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Conclusions: Further details and subsequent conclusions regarding locatemific
SUAS operational detail@ill be presented in future iterations of this report, as additional data,
contextual observations, and analysis results beewaitable Additional sections also featuring
researclof model classification includ€ask B.1.3Distribution of SUAS Flights by Model Over
Time Task B.1.5Active vs. Inactive SUAS Populatjoiask B.1.7Flight Durations Task B.4Can
rough estimates benade regarding sUAS retirement/abandonment raf€a8k B.6What
percentage of the detected sUAS population weighs less than 0.55 Ibs and is not required to be
registered? Task C.1What are exceedance rates for Operations from a Moving Vehicle [14 CFR
§107.2%?; andTask C.3What are exceedance rates for Visual Line of Sight Aircraft Operations
[14 CFR 8107.31]».

Future Research Recommendationsfor future related research efforts it may be
beneficial to investigatd there are any potential relatisimipsamong adoption and use to cost,
weight, and systerapability and complexitio determine if there are any discernible connections
or patternsFuture versions of this report may include additional recommendations concerning the
investigation of locaon-specific SUAS operational detailsased upon observation, analysis, or
inferences drawn from contextual examination of materials. Such recommendations are intended
to support the definition and development of future related research efforts thatyars the
scope of this project.

2.2.4 Task B.4: Can rough estimates be made regarding sUAS retirement/abandonment rates?
The UAS detection equipmertias the ability to detect individual sUAS platforms by
electronic serial numbdSN). By tracking these indidual SUAS serial numbers over time, the
research team can aggregate utilization data and provide reasonable estimates for SUAS platform
lifespan.Since sUAS platforms can be purchased over time, the research team will calculate each
serial number's numbef months of active utilizatiorA SUAS will be considered active from the
calendar month of initial detection to the calendar month it was last detBoteelxample,fia
specificSNof asUAS was detected in January 2020 and later detected in Oct@@etizis would
eguate to 10 months of utilization, regardless of how many flights the platform performed in that
timeframe.The research team will present the proportion of SUAS by the models still in active use
ove the collection timeframeNote that utization rates of newer sUAS platforms may be
artificially skewed lower due to a lack of product longevity.

Findings: The team has secured initial data for this analysis, however, the research team
cautions the use of these initial findings, asrédli@bility of this assessment will increase as further
data is integratednitial data collectioryielded approximately 3@veeks of usability dat&imilar
to findings collected during thgreviously describe@FW study, the research team observed a
signficant decline in the utilization of platforms after the first several we&B%(decrease from
weeks 15; Figure 36). Higher utilization rates were observed for Medrseries platforms
(M100/200/300/600and Mavic Enterprise 2 series platformrsglre 37). This higher utilization
is suspectedo be associated wittommercialctivity, rather than hobbyist/recreational use.
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Figure36. Mean / Median of SUAS Retirement / Abandonment Rates (Prelim{iN=16,908; Excludes
A3 mode).
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Figure37. Proportion of SUAS Retiremen#bandonment Rates by Model Group (Preliminary)
(N=116,908 Excludes A3node).
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Conclusions:Further details and subsequent conclusions regarding platform retirement or
abandonmenwill be presented in future iterations of this report, as additional datdextual
observations, and analysis results become availabtitional sections also featurimgsearciof
model classification includ€ask B.1.3Distribution of SUAS Flights by Model Over Tiniask
B.1.5Active vs. Inactive SUAS Populatjofask B.17 Flight Durations Task B.3Where do sUAS
fly and at what altitudes are they flying afPask B.6What percentage of the detected sUAS
population weighs less than 0.55 Ibs and is not required to be registérasi?’ C.1What are
exceedance rates for O@ions from a Moving Vehicle [14 CFR 8107}25andTask C.3What
are exceedance rates for Visual Line of Sight Aircraft Operations [14 CFR §10).31]?

Future Research Recommendationg=uture versions of this report may include
additional recommendatiom®ncerningnvestigation oplatform retirement or abandonment
based upon observation, analysis, or inferences drawn from contextual examination of materials.
Such recommendations are intended to support the definition and development of future related
research efforts that are beyond the scope of this project.

2.2.5 Task B.5: Can public agency (eg. Police, fire, government) use of SUAS be estimated?
The research team established a collaboration with DroneResponders to support this task.
Using the DroneRespoats Public Safety UAS Database, the research team determined all public
safety agencies that fall within SUAS detection capture agaxessful completion of this task
requires applicable public safety agencies to-fopto the study and subminformation to the
research teamAn email will be sent to each respective departmantollaboration with
DroneRespondersequesting their participatiorinstructions will be provided to identify the
unique electronic serial number for each sUAS in thieet, found in the controller's DJI Go4
Application.Upon receipt of the culminated list of serial numbers for the public safety SUAS, the
research team will enter the serial numbers into URSA's UCAP platform filter, thereby isolating
public safety opet&ns activities from the remainder of the dataSeaffic attributes of public
safety SUAS will be reported in a similar fashion as identified in Tasks B.1 anBiBd&gs from
this task will be reported in a subsequent annual report.

Findings: The esearch team liaised with DroneResponders to identify public safety
agencies within the sampling areas that utilize DJI sURA®tal of 143 public safety agencies
met the established criteridhe possible sample include8 taw enforcement agencies, 29
Fire/Emergency Medical ServiceEMS) organizations, 26 muhHiisciplinary public safety
departments, 14 emergency mamagat divisions, 4 Search ancestue(SAR) entities, and 7
other organizations (séegure38). The geographical distribution of these agencies are presented
in Figure 39. The will team enlist voluntary participatiado collect SUAS detection data from
sUAS platforms operated by these agencies to answer the posed research dukhtionally,
this data is limited to those organizations willing to share their involvethentoptin), it does
not represent an ahclusive list ofsUAS flownfor government purposessii p u faifciaf® in
accordance with 49 U.S.C. § 40102(a)(41) and 840125.
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Figure39. Map of Public Safety Agencies Operating DJI SUAS Fleet within SUAS Detection Capture
Areas by Typdn=143)

Conclusions:Further details and subsequent conclusions regarding public agerveyl use
be presented in future iterations of this report, as additional data, contextual observations, and
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analysis results become availabladditional sections also featuringesearchof model
classification includdask B.1.3Distribution of sUAS Flights Yo Model Over TimgeTask
B.1.5Active vs. Inactive SUAS Populatidorask B.1.7Flight Durations Task B.3Where do sUAS
fly and at what altitudes are they flying afask B.4Can rough estimates be made regarding
SUAS retirement/abandonment rate$ask C1 What are exceedance rates for Operations from
a Moving Vehicle [14 CFR 8107.P5 andTask C.3What are exceedance rates for Visual Line of
Sight Aircraft Operations [14 CFR 8§107.33]?

Future Research Recommendationsfor future related research efforit may be
beneficial tofurther examine how otheoperationalfactors, such as State/local regulations,
organizational/departmental policies, best practices promoted by industry/ professional/ advocacy
groups, as well as environmentalnsiderations anpublic perception, influence or affect public
agency adoption, use, and sustainment of SUAS technologies within their respective agencies and
fields. Future versions of this report may include additional recommendatmmserning the
investigation of pulit agency uséased upon observation, analysis, or inferences drawn from
contextual examination of materials. Such recommendations are intended to support the definition
and development of future related research efforts that are beyond the scoperojetis p

2.2.6 Task B.6:What percentage of the detected sUAS population weighs less than 0.55 lbs

and is not required to be registered?

The research team will provide a proportional breakdown of all SUAS detected by model,
along with their respective weighiis pie graph formatWeight information was derived from
reported SUAS weight values reported in DJI platform specifications published on the
manufacturero6s website and model user manwual s

Findings: A total of 114,736 sUA®latformscontained informatio enabling the research
team to assess the platform weigkearly 44% of all detected platforms were found tddss
than.55 Ibs (250gseeFigure40). More than 2% of platforms weighediore than 1.5 Ihut
less than 2.(bs; and 18% weighed more than 1, but less than 4.0 Ib©nly 1,438 (1.3%) of
detected platforms weighed more than 4.0 Tdge Matrice 600 and/atrice 600 Pro, the largest
platforms curretlty manufactured by DJI, both weigh approximately 9,960g (~21.96 Ibs).

The research team further observed the distribution of platforms by weight over time in
monthly intervalgseeTable 13). During the sevemonth sampling period, it was observed that
the proportion bplatforms weighing more than 1.5 |imit less than.D Ibs decreasedas did the
category of platforms weighg more than 2.0 Ih$ut less than 4.0 Ib#n the same timeframe the
proportion of platforms weighing less than .55 Ibs increa$éd trend may indicate further
market consolidation in smaller, lighter platforrhewever, until further data can belected and
analyzed it will be unclear whether this is due to seasonal influeriteepresents an emerging
trend.
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Figure40. UAS Population by sUAS Platform WeigfN=114,736)

Note: Derived from 114,736 data points timtiuded sUAS model information (2,179 data points
removed).

Table13. Month to Month Comparison of SUAS Popualtion DistributipnwWeight Category

(N=114,736)

July August September  October November December  January
0 25 | 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
<25.0lbs 0.1% 0.0% 0.0% 0.0% 0.1% 0.0% 0.0%
<15.0 Ibs 0.6% 0.8% 0.8% 0.8% 1.4% 0.9% 0.9%
<10.0 0.0% 0.1% 0.0% 0.1% 0.1% 0.0% 0.0%
<8.0lbs 0.5% 0.5% 0.5% 0.6% 0.9% 0.4% 0.4%
<4.0lbs 25.2% 26.1% 26.7% 25.9% 36.2% 21.8% 21.8%
<2.0lbs 4.1% 4.4% 4.4% 4.6% 6.8% 6.0% 5.8%
<1.51bs 25.6% 25.1% 24.8% 25.4% 35.3% 23.0% 23.6%
<1.01Ib 2.0% 1.9% 1.8% 1.9% 2.2% 1.4% 1.3%
<0.55Ibs 42.0% 41.1% 40.9% 40.7% 17.2% 46.5% 46.2%
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Conclusions:Further details and subsequeanhclusions regarding unregistered platforms
weighing less than .5bs will be presented in future iterations of this report, as additional data,
contextual observations, and analysis results become available.

Future Research Recommendations:Future vesions of this report may include
additional recommendations concerniggtimating the number of unregistered platforms
weighing less than .55Ibbased upon observation, analysis, or inferences drawn from contextual
examination of materials. Such recommatnohs are intended to support the definition and
development of future related research efforts that are beyond the scope of this project.

2.2.7 Task B.7: What are the potential impacts of implementing ABOut) for SUAS?

This task will be executed inrmanner very similar to Subtasks €C12. A temporal and
spatial analysis will be conducted to identify instances in which detsti&& come within a
proximity of 2.5 SM (slant range) from a manned aircraft, based on fusingBAdz$a with sU/S
detection dta Data will be presented in heatmap format with 2.5 SM influence range, based on
the sUAS launch location (homepoin8dditionally, the plot of the distribution of the closest
points of approach will be provided.

Findings: Data collection for this &k is still underwayPreliminary findings are not
available for reporting at this timélpdates on this task will be provided in a subsequent annual
report.

Conclusions: Further details and subsequent conclusions regarding implementation of
ADS-B (Out) will be presented in future iterations of this report, as additional data, contextual
observations, and analysis results become available.

Future Research Recommendations:Future versions of this repornay include
additional recommendationsoncerningthe use of ADSB (Out), based uporobservation,
analysis, or inferences drawn frazontextual examination of materials. Such recommendations
are intended tgupport the definition and developmentfature related research effottsat are
beyond the scope tiis project

2.3 Task C: Compliance and Exceedances of 14 CFB107 Operational Limitations
(Performers)

The primary objective of this task is to provide an overview regarding the exceedance rates of

various elements of 14 CFR, includiBf§j07 andg848. Theremainder of this section breaks down

Task C into a series of subtasks.

2.3.1 Task C.1: What are exceedance rates for Operations from a Moving Vehicle (14 CFR

8107.25)?

One of the data points collected by the Aeroscope includes the SUAS controller's location.
Unlike the sUAS homepoint, which is generally static, the controller location is updated via GPS
sensor information derived from the attached iOS device (iPhone or iPad) running the DJI Go 4
Application. The UAS detection equipmentill report updated conbller location information at
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each 1 Hz data sampling interv@he controller location was available for approximately 54% of
data points based on historicaligllected datdrom DFW. The research team will identify case
studies in which operator displment takes place.

Findings: Approximately .2% it = 1,000) of flights indicated that the remote pilot
exhibited significant movementhese flights were carried out by 615 unique platforms, which
represents just over .5% of the total detected sydBulation(N = 116,043. Most pilot
movement (81.7%) fell within 1 SM of the origination locatishown inFigure41. Nearly 13%
fell within 2 SM of the originatiolocation. The remaining 5.5% of flights were in excess of 2
SM. A small number of remote pilote£10) moved in excess of 5 SMis unlikely that a remote
pilot would displace at these distances without the aid of a vehicle or other form of conveyance,
suggesting possible exceedances to 14 KR .25, Operation from a moving vehicle or aircratft.

Most platforms used in this fashion were newer, M&e@des models, including the Mavic
Mini 2, Mavic Air 2, and Mavic 2, which made up 75.3% of remote pilozement caseshown
in Figure42. The large number of pilot movement cases in McAIEX, and Texas CityT X,
may indicate that remote pilots are more likely terape their SUAS from a vehicle in less dense
urban aregsshown inFigure43.
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Figure4l. Distribution of Max Controller Distances froStarting Locatiorfn=1,000)
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Conclusions It is possible that some operations conducted from a moving vehicle were
approved by the FAA in accordance with waiver criteria articulated in 14 CFR 8107.205(a).
According to the FAA, the agency received 2,416 requestsrduct operations from a moving
vehicle. Of those requests, 1861%)were withdrawn by the submitter before disposition, 2,148
(88.9%)were disapproved, 34.4%)are pending agency review, and(28%)were approved.

Further details and subsequenbnclusions regardingmoving vehicle operation
exceedance ratedll be presented in future iterations of this report, as additional data, contextual
observations, and analysis results become availabdtitional sections also featurimgsearciof
modelclassification includdask B.1.3Distribution of SUAS Flights by Model Over Timask
B.1.5Active vs. Inactive SUAS Populatidorask B.1.7Flight Durations Task B.3Where do sUAS
fly and at what altitudes are they flying afask B.4Can rough estimas be made regarding
SUAS retirement/abandonment rate$ask B.6What percentage of the detected SUAS population
weighs less than 0.55 Ibs and is not required to be registeaadTask C.3What are exceedance
rates for Visual Line of Sight Aircraft Opirons [14 CFR §107.31)?

Future Research Recommendationg=uture versions of this report may include
additional recommendations concerning investigatioma¥ing vehicle operation exceedance
rates based upon observation, analysis, or inferences drawncontextual examination of
materials. Such recommendations are intended to support the definition and development of
future related research efforts that are beyond the scope of this project.

2.3.2 Task C.2: What are exceedance rates for Daylight Operatibh CFR §107.29)?

The research team will compare the detection time (local) for each flight against known
sunrise (SR), sunset (SS), and civil twilight (CT) information for each detection Fliglat
Activity will be separated into five categories, inding: Morning (12:00arCT); Morning CT
(CT-SR); Daylight (SRSS); Evening CT (S&€T); and Night (CT11:59pm)Both cumulative and
proportional operations data will be presented to show trending.

Findings: An evaluation of flight times showed that thejority of operations (70.9%)
were conducted during daylight hours, with 24.8% of flights conducted at nighttime, and 4.3%
conducted during both periods of Civil Twiligfthe data indicated that nearly four times as many
nighttime operations occurred beten midnight and morning Civil Twilight than occurred during
the period from evening Civil Twilight and midnigfthis finding is further reflected iRigure44
andTable9.
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Figure44. Distribution of SUAS Flights by Daylight Categofif=476,048).

Conclusions: It is possible that some detected daylight operational exceedances were
conducted in accordance with FAA waiver criteria articulated in 14 CFR 8107.205. According to
the FAA, the agency receiveldt,562requests to conductight operations Of those requests,
2,046 (14.1%) were withdrawn by the submitter before dispositi@)/87 (60.36) were
disapproved, and,729(25.6%) were approvedOn April 21, 2021, the FAA updated rules under
14 CFR 8107.29, permitting routine SUAS operationsagrht , provi ded t hat:
in command complete an updated initial knowledge test or online recurrent training, and (2) the
SUAS is equipped with antiollision lighting visible for at least 3 SM that has a flash rate sufficient
toavoidao |l | i s i 02022d, p. BE)S8iAce all data was collectedter the FAA rule change
for routine night operations, applicability and interpretation of data should remain consistent
throughout the study.

Further details and subsequent conclusions regaddihgoperation exceedance rates will
be presented in future iterations of this report, as additional data, contextual observations, and
analysis results become available. Seasonal influence on SUAS operations and associated attributes
is also being invegjated inTask B.1.2 Number of OperatioriBask B.1.4 Time of
Operationsand Task B.1.5 Active vs. Inactive SUAS Populafidrhe observations, findings, and
conclusions associated with themssearchefforts may offer additional insight to this task,
speifically factors that may influence daily operatiorcedance rates.

Future Research Recommendationg=uture versions of this report may include
additional recommendations concerning investigatiotadl operation exceedance rates, based
uponobservation, analysis, or inferences drawn from contextual examination of materials. Such
recommendations are intended to support the definition and development of future related
research efforts that are beyond the scope of this project.
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2.3.3 Task C.3: What & exceedance rates for Visual Line of Sight Aircraft Operations (14
CFR 8107.31)?
By analyzing the sUAS telemetry data, the research team will assess the furthest point of
flight from the sUAS launch location (homepoirgn assessment will be made ofchasUAS
model to determine its marum visible rangeThe research team will determine the lateral visual
footprint of the SUAS using manufactum@ported technical specifications and use trigonometry
to reverse calculate the range at an angle of-inarate, the minimum visual angle for an average
person to reliably detect an object (Greening, 1976; Woo, 2&13g¢atterplot and stacked bar
chart will provide amplifying information regarding the distribution of sUAS flight distances
relative to visual e of sightcriteria.

Findings: Detection data was analyzed to determine the distribution of maximum line of
sight distances (slant range) from each sWAft origination point (hompoint) to theUA at its
furthest detected range along the telemditgre than 83.6%n=393,740) of flights contained
adequate data to calculatesualLine of Sght (VLOS) distanceNearly 86.9% of sampled flights
were conducted within a line of sight range of less than .5 SM from the launch lpsht@m in
Figure4b.

The size of each sUAS platform type was evaluated and used to tabulate the range in which
the platform would encompass one-arinute of visual footprinfsee Tablel4). The maximum
line of sight distance for each flight was compared against the detected sUAS model, and
categorized into five visual categories: <1 Adinute (Object unlikely to be seen):1D Arc
Minutes (Object at human critical visual angle/maximuwmmhn visual performance); b Arc
Minutes (Object detectable, but not necessarily recognizablel0 1ArcMinutes (Object
recognizable 3@0% of the time); and >30 Asllinutes (Object recognizable 8®M0% of the
time). Results are presentedfigure46.

A majority of sampled sUAS flights (57.0%) resulted in a visual range that would have
been at minimally visible to the operator (§égure46). More than 11.0% of sampled flights were
conducted at distances resulting in less than onmamate of visual angle, making them unlikely
to be seen by an operator with normal visality. The Mavic Mini 2, Mavic Air 2, Mavic 2
Enterprise, and FPV sUAS models comprise the majority (89.9%) of flights conducted with
visibility of less than one ammninute as shown ifrigure47.

Figure48 provides a scatterplot of all flights conducted at visual angles of less than one
arcminute by platform typerigure49displays a subset &igure48, with a lateral limit of 5 SM
lateraly and 2,000 feet verticallyrhe multitude of SUAS flown at visual angles of less than one
arcminute are flown within 3 SM laterally, and 1,600 feet vertically of the origination gdoist.
notable that the vertical limitation is likely influenced by D 6 s embedded progr an
limits SUAS altitude to not more than 500 meters (~1,640 feet) above the homepoint.

The research team suspects that some sUAS operators may be exceeding FAA rules for
maintaining visual line of sight with theWAs by reling upon datalink video an@2 data to
maintain situational awareness on the sUAS flight operation.
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Figure45. Histogram of Maximum Flight DistancéS=393,740)

Tablel4. Beyond Visual Line of Sightalues

Platform Size (mm) 1 arc-min (ft) 10 arcmin (ft) 15 arcmin (ft) 30 arc-min (ft)
Mini 2 203 2289.6 229.0 152.6 76.3
FPV 312 2842.2 284.2 189.5 94.7
Inspire 1 581 6552.9 655.3 436.9 2184
Inspire 2 605 6823.6 682.4 454.9 227.5
Matrice 100 650 7331.2 733.1 488.7 244.4
Matrice 200 887 9992.9 999.3 666.2 333.1
Matrice 300 810 9135.7 913.6 609.0 304.5
Matrice 600 1668 18812.9 1881.3 1254.2 627.1
Mavic 2 Ent. 322 3631.7 363.2 242.1 121.1
Mavic 3 448 5053.0 505.3 336.9 168.4
Mavic Air 213 2402.4 240.2 160.2 80.1
Mavic Air 2 253 2853.5 285.4 190.2 95.1
Mavic Mini 202 2278.3 227.8 151.9 75.9
Mavic Pro 335 3778.4 377.8 251.9 125.9
Phantom 3 350 3947.5 394.8 263.2 131.6
Phantom 4 350 3947.5 394.8 263.2 131.6
Spark 170 19174 191.7 127.8 63.9
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Conclusions: It is possible that some detected visual line of sight exceedances were
conducted in accordance with FAA waiver criteria articulated in 14 CFR 8107.205(c). According
to the FAA, the agency received 4,977 requests to conduct beyond line of sight operations. Of
those requests, 499 (10.0%) were withdrawn by the submitter before disposition, 4,157 (83.5%)
were disapproved, 64 (1.3%) are pending agency review, and 257 (5.2%) were approved.

Further details and subsequent conclusions regarding VLOS aircraft opersatémtance
rates will be presented in future iterations of this report, as additional data, contextual observations,
and analysis results become availalAelditional sections also featuringesearchof model
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classification includdask B.1.3Distribution of sUAS Flights by Model Over Tipieask
B.1.5Active vs. Inactive SUAS Populatidorask B.1.7Flight Durations Task B.3Where do sUAS

fly and at what altitudes are they flying afask B.4Can rough estimates be made regarding
SUAS retirement/abandonmeates? Task B.6What percentage of the detected SUAS population
weighs less than 0.55 Ibs and is not required to be registeaad?Task C.What are exceedance
rates for Operations from a Moving Vehicle [14 CFR 810J225

Future Research Recommendatins: Future versions of this report may include
additional recommendations concerning investigatiovlddS aircraftoperation exceedance
rates, based upon observation, analysis, or inferences drawn from contextual examination of
materials. Such recommeriabens are intended to support the definition and development of
future related research efforts that are beyond the scope of this project.

2.3.4 Task C.4: What are exceedance rates for Operation Near Aircraft (14 CFR §107.37)?

The research team will evaludtee SUAS detection and ADB datasets for instances in
which sUAS came within proximity of a manned aircrafie FAA (n.d.b)defines a Near Midair
Collision (NMAC) as:

... an incident associated with the operation of an aircraft in which the pogsibilit
of a collision occurs as a result of a proximity of less than 500 feet to another aircraft, or a
report is received from a pilot or flight crew member stating that a collision hazard existed
between two of more aircraft. (p. 1)

The research team willpert the number of incidents in which SUAS came within 500 feet
of a mannedircraft The research team will provide a cumulative distribution plot of the closest
points of approach for all SUA&Ircraft encounters.

Findings: The research team sampleddéations within the dataset for aircraft/AS encounters
(see Task D.2 for additional informatio.total of 237 encounters between aircraft and sUAS
were identified within acriterion of 4,000 feet (horizontal), 500 feet (vertical), andezonds
(tenmporal).One of these encounters (.4@gcurred within a horizontal distance of 500 feet and a
vertical distance of 100 fe®ta breach of adequate separation between the aircraft and BIJAS
collisions between aircraft and sUAS platforms were detected.

Figure50shows the distribution of distances of encounters, based -@stadelished lateral
and vertical bucketd’he numbepf encounters that fall within each encounter bucket diminishes
rapidly, as the lateral and vertical confines are constralingdre51 shows the lateral and vertica
(absolute value) separation of each encounter at the closest point of approachNGEAhe
single point in the bottom left portion of the graph, which showed a lateral separation of 462 feet
and a vertical separation of 29 feet.

To better understahthese encounters, the research team assessed the aircraft heading and
plotted the SUAS position at the CPA to determine its relative visual angle and range to the flight
deck shown inFigure52. Encounters that exceed-80 degrees left or right of the aircraft heading
are highly unlikely to be spotted by flight deck personMsreover, he research team further
assessed each sUAS model type, based on sUAS detedtonation, and calculated the visual
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angle that the footprint of the model would have produced at the &®Amodel that produced

a visual angle of less than 1 aninute was assessed as unlikely to be seen by the fligh® crew
these encounters are it in orangeFinally, the data was also plotted in the vertical axis to
provide an overview of the laterahdvertical visual angles produced at the CBAown inFigure

53. It is highly unlikely that SUAS encounters at lateral angles of greater th&@ 86grees, or at
vertical angles of greater or less than 20 degrees would be seen by the flight crew.

Using International Civil Aviation OrganizatioflCAQO) ICAO24 codes collected from
ADS-B data the research team validataidcraft informatiorusing an ICAO Calculator (Avionics
Tools, n.d.) to convert the hex address to the respectimeniber N-number information was
then queried in the FAA Aircraft Registrati@ratabase to validate the aircraft type (FAA, n.d.a).
The research team identified 124 fixethg jets, 53 fixedwing piston aircraft, and 51 helicopters
involved in SUAS encounters (segure54). Nine aircraft were of foreign registration and could
not be identified.

To provide further contextual information for encounters, the research team assessed the
closest point of approach of each sUAS and corrected theed@dtitude (typically altitude above
homepoint) for elevation at the CPA point to provide true ABImost cases, this adjustment was
just a few feetResults are presentedkigure55. Results indicated that in 73.5% of encounters,
the sUAS was at an altitude of less than 400 feet AGL.
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Discusson: The research team carefully considered encounter data and assessed several
considerations as to why®uencounters were occurring:
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UAS Considerations

14 CFR891.113 requires all aircraft operators to maintain vigilance so as to see and avoid
other aircraft and obstacles to maintain safety of flightCFR891.113 also establishes righit
way rules for maintaining well clear of other aircraft. Studies havenshibowever, that visually
acquiring sUAS from manned aircrafbckpits is difficult (Wallace et aR019).

Low Altitude Authorization and Notification Capability

The LAANC system was established as a collaboration between the FAA and the sUAS
industry tosupport sSUAS integration into controlled airspdteserves the pmose of permitting
licensed remote pilstaccess to approved altitudes in controlled airspdus.capabity enables
awareness for remote pitoais to where they are allowed to opefatethe times and locations
reserved in the LAANC system. Air Traffic Services (ATS) aleo able to retain that same
visibility to where drones may operate in their airspace. Unfortunately, LAANC data is not directly
available to manned aviation, andyhraust rely orATS to provide that feedbacRight of way
rules still apply when a remote pils¢cures a LAANC authorization no matter what altitude was
approved through the system.

In Joint Order 7210.3FAA, 202Ic) Section 9, there is a requirement flurther
coordination by ATC when a LAANC request is above an altituaé firom the facility map
shown inFigure 56. This generates a manual approval process pssep to automatic if the
request is below the posted altitudititigations are determined by air traffic contrehether
acceptable or not and if approved, it is then up to ATC to communicate to mannedRuatfier,

t he policy st atneewillpdriddieallyxévidtv LAANC doemsintan situational
awareness ofUAS activity in their airspace(FAA, 2021c, p. 19-5(d)) An ATC tower can
determine approved LAANC authorizations in their airspace if theyrdg their portal (laanc
atc.gaa.gowand use their secure access) which they are directed to do (periodically), or if they
manually approved a request thatswabove posted LAANC altitudes, which is a prescribed
process
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Figure56. Low Altitude Authorization andNotification Capability UASFM Grid near Fort Worth, Texas

Note. Red indicates military facility, green indicates civil facility. The altitudes showing each
block indicate the maximum altitude allowed in that sector.

There are a number of assumptionthmpolicyl nt er est i ngly, AWhen a
been approved, the affected facilities will receive an email that will include the responsible
personbs contact information, | ocatiomwm,p. al ti't
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12-10-3(i)). With this in mind, there does not appear to be a policy that directs communicating
UAS operations within a portion dfieir controlled airspacdir traffic controlis directed to use
their best judgement about communicating to manned traffic as to dRienfiy of a potential
encounter.

FixedWing Considerations

Fixedwing operations include commercial, military, and general aviation operations.
Commercial operations generally involve predictable operations between commercial service
airports, with mininal time spent at lovievel, and lowlevel operations confined to the airport
terminal area. Commercial aircraft almost all fly in airspace in which -BD&ut is required.
Hence, almost all commercial traffic is captured with AB®acking, and any aircrabr UAS
equipped with ADSB in will be able to detect commercial aircraft.

Military operations include a much wider variety of flight profiles. Fixadg military
operations may include pot-point operations similar to commercial aircraft, or magiude
low level visual and instrument training, aerobatics, aerial refueling, or formation flying. Military
operations can occur at almost any altitude or airspeed, although operations including low level
flight or maneuvering generally occur within degaged airspace, such @ditary training routes
alert areas, Military Operating Areas (MOAS), or restricted areas. Except for restricted areas, these
designated airspace areas are open to other manned or unmanned traffic who may or may not be
communicatng with air traffic control, and may or may not be equipped with ADS

General aviation encompasses essentially any other crewed aircraft operations that are not
commercial or military. General aviation includes, but is not limited to:

Business aviation
Agricultural operations
Air ambulance

Search and rescue
Flight training

Banner towing
Sightseeing

Aerial firefighting
Skydiving

Recreation

=4 =4 4 -8 -9 _-5_9_°5_2._-2-

General aviation aircraft may or may not be equipped with 8D&it, depending upon
the airspace in which theperate or whether they have an exemption. Business aircraft operations
generally follow the same flight profiles as commercial aircraft, though from a wider variety of
airports, including airports in Class E or G airspace. Business aircraft can rammgeandsspeed
from small fourseat aircraft operating below 10,000 feet and 200 knots to larger jet dinattaft
routinely operate above Flight Level (F4)0 and .8 Mach. While low level business operations
are generally confined to the airport termiealvironment, othegeneral aviatiomperations can
occur at low level in areas not near an airport.

Fixed wing aircraft are most vulnerable at low speeds and low altitudes, including
departure and arrival, for several reasons: low speed limits aircaatuaerability; low altitude
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also limits aircraft maneuverability; departure and arrival are typically busy times in the cockpit,
with attention divided between numerous tasks. In terms of physical vulnerability, sensors, leading
edge surfaces, and propols systems such as propeller arcs and fan blades are vulnerable to
foreign object damage.

Visual vs. Electronic Scanning

The advent of ADSB and portable electronic devices has transformed the way kel
pilots approach the requirement to see anddavt very low cost, a general aviation pilot can
now have electronic situation awareness of other BDRjuipped traffic that previously was the
province of only TCASequipped commercial aircraft. With a tablet, @pp, and a portable
receiver, generalvaation pilots can know the callsign, heading, and altitude of any nearby
transmitting aircraft. Looking out the window may now actually be a far less safe and effective
way to identify what traffic may become a conflict, though looking out the windowimertize
best way to avoid a conflict once the location of the other aircraft is known in general terms. The
functional implication of this change is that while pilots always divided their attention between
inside the cockpit (flight instruments) and ouesitie cockpit (traffic and clouds), their attention
is now generally divided a third way to electronic devices that show traffic. This is not necessarily
less safe, as the electronic devices may actually provide better situation awareness regarding ADS
B traffic than looking out the window, but it is a factor that must be considered when factoring in
how much time an average fixed wing pilot spends scanning out the window. While most SUAS
will soon be required to transmit Remote ID information, there iseqoirement for crewed
aircraft to receive these signals. Further, SUAS are not permitted to transmiB AlRfdals.
Therefore, pilots who have become accustomed to relying on electronic conspicuity as a part of
their traffic awareness do not have thataadage when it comes to spotting SUAS.

RotaryWing Considerations

The versatility of the helicopter allows them to land wherever there is room to safely
approach and touchdown horizontally, or vertically. This may occur in urban, suburban, or rural
locations and away from (o8ite) a published aviation facility (airport or vertiport). In many cases,
there is no public declaration required prior to landing asiéf locations. Flight safety in these
cases then becomes the sole responsibility of the aevis@rs on boardHazards include natural
or manmade obstacles that may or may not be completely attached to the ground (birds, wires,
bridges, manned andA). The helicopter specific narrative in the sections below is an attempt to
apply context to ta daa found inTable15.

Traditional flight profiles for helicopter operators will vary but are generalggto fly
at low levels (1000 feeAGL and below) at certaitimes depending on a number of factdré.
CFR 891.119(d) directs aircrews to determine their level of safety when they plan on operating
below§91.119(b)(c) altitudes unless on a prescribed flight route/altiAghreculture flights under
14 CFR8137.49,ar e all owed below 5006 AGL even over
involved in dispensing operations. Most critically, helicopter pilots must have the awareness of
many factors (natural and manmade) when considering which altitude to fly at to mhottain
obstacle avoidance and autuational performance.

Flight Training.Tr ai ni ng aircraft will generally sta
and above) unless purposefully training at low levels, and this normally soatuspecific
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(sometims via NOTAM), and generally more rural locations. recent years, the helicopter
industry has promoted helicopter flights to remain above 2000 feet AGL for both noise abatement
and flight safety in the event of an engine failure in order to identifydingrspot to maneuver

and land safely in an autotative state. Class D airports are predominant locations for helicopter
flight training.

Public Safety AviationFlights that remain below 1000 feet AGL may include some type
of public safety operatorsaflv enforcement, helicopter air ambulance [HAA], and firefighting).
Law enforcement may require lower altitudes during certain mission sets due (SWAT, pursuit) to
visual acquisition needslAA operations when not operating from published facilities (aigyort
vertiports, or hospital helipads), often land on streets, highways, next to roads, or paved areas such
as parking lots; wherever there is a safe location to land near the scene of an emergency exists will
be a potential landing zone. Firefighting hepters will mostly remain at low levels while
conducting operations depending on the location of the fires and other assets inVbkved.
conditions present also dictate altitudes to be flown as environmental (density altitudes, visibility)
and performancéTOW) conditions will limit maneuverability. PSA aircraft fly in controlled
and uncontrolled airspaces somewhat equally.

Commercial Operations. There are a number of variables that will keep@ercial
helicopter below 100@eet AGL in a congested emenment (builtup areas)These may be
affiliated with construction, inspections, newsgathering, infrastructure servicing, etc. In more rural
locations, precision agriculture, animal management, infrastructure inspections/servicing, etc. are
normal types boperationsTransitional flight (between takeoffs and landings) profiles in more
rural locations may or nyanot include flight above 1000 feAGL. While this observation is true
of most operations, some operations, like Helicopter Emergency MedicateSefMEMS), may
operate and much lower altitudes.
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Tablel5. Typical Helicopter Mission Profile Flight Altitudes

Mission Set Enroute On-Site

Construction IAW §91.119 Generally Shielded

Inspections IAW §91.119 Generally Shielded

Newsgathering IAW §91.119 Generally flying straight and level or enter a
circuit at an altitude that enables transmissir
to station

Infrastructure Servicing IAW §91.119 Generally Shielded

Law Enforcement Pursuit IAW §91.119 Vertical vol ume ( >5(

Law Enforcement SWAT IAW §91.119 Pinpoint landings with steep approaches an
takeoffs

Air Ambulance IAW §91.119 Pinpoint landings with steeper approaches i
takeoffs

Firefighting IAW §91.119 NOTAMO6d v amdwitltpadsiblesr o |
corridors

Precision Agriculture IAW § 137.49 <1006

(Spraying/Pollination)

Precision Agriculture (Animal IAW §137.49 <1006

Mustering)

Precision Agriculture (Animal Survey, 1AW § 137.49 Sensor dependent. Higher altitudes preferre

Notes.These profiles are generally aligned with flight doctrine used in each missitviesgher,

terrain, airspace factors and obstacles can modify these profile configurations. Transitions between
enroute and mission site flight profiles may place ummeal and manned platforms in potential
conflict. See notes above regarding enroute considerations.

Takeoff/landing Configurationd he helicopter is most vulnerable in takeoff and landing
situations. Takeoffs are sometimes the most dangerous conditionpegsrmance
limitations reside with the biggest power limits due to peteehrust ratios hampered by
weight at initial takeoff (fuel and cargo).

Tail Rotor/Main Rotor. Impacts of UAS with helicopter main rotors have been-non
catastrophic in most recentamples, however, these collisions were with sizeable rotors
containing significant inertiaTail rotors are another subject, however, and are more
susceptible to significant damage due to their size and performance characteristics. The
most vulnerable tims are during takeoff and landing profiles.

Contributing FactorsThe following conditions or flight profiles will affect helicopter
vulnerability as a layered factor to leevel operations

Visibility (haze/fog/precipitation)reaction times are reducenmhstigating reaction to a
rapid encounter and could cause loss of control and subsequent contact with a
manmade/natural object, or loss of orientation, leading to a loss of controlled flight.

Masking Low-level hovering or slow flight may place a heliceptbehind a
natural/manmade obstacle (masked) and a sudden reaction on encountering a drone could
cause loss of control and/or subsequent contact with a manmade/natural object.

110



The FAA's Center of Excellence for UAS Resear

THIRD PARTY RESEARCH. XA UR E

Light conditions (sunlight)sun glare during flight at low and slow conditiozemn mask
observation of a UAS encount&his may cause a sudden loss of control and/or subsequent
contact with a manmade/natural object.

Defensive Capalities

Visual Acquisition.Aviation doctrine (FAAH-808321A and FAAH-808325B) address
pilot visual techniques for scans during ldevel flights. Aircrew will scan more aggressively at
low levels where there are more threats, as opposed to straight and level flight at a higher altitude.
It must be noted that a helicopter crew flying at any altitedalways identifying emergency
landing locations for an awtmtative flight profile. In these cases, the pilot flying is dividing
attention off the nose of the aircraft, glancing down for landing zones, and to the instrument panel.
In that scan, distancesi t hi n 40006 may or may not enabl e a

Depending on the availability of somewhat safe, unencumbered, linear or vertical landing
areas, aircrew will have this additional, necessary, and continuous distrdctian. enroute
segmat of the flight, the aircrew will fly at higher altitudes, and a scan mighbewerthan at
lower/slower profiles At lower altitudes and slower airspeeds, aircrew would realistically be
scanning for birds, drones, trees, poles, towers, wires, ard @tbtruding natural or manmade
objects.

Depending on a number of factors, aircrew in descent to landing will begin a broader scan,
and transitions in and out of the aircraft become more rapid as performance issues require more
attention than at altitued As landing sites can also be within an area confined by natural and
manmade objects, aircrews are trained to circle the landing site as a safety reconnaissance
observation and are at these times primarily focused on the landing area and around Ate area.
slower airspeeds, helicopter pilots may successfully acquire a drone below them; however, if the
drone is not moving in their field of view, it is much harder to acquire.

Aircrew Coordination. In situations where there are at least two rated odtearcesw in
front, and/or one or more aft, the crew traditionally coordinates conditions where eyes are outside
the aircraft or required by duties to be inside the aircraft. This coordination helps solidify times
where the aircraft is most vulnerable dras the most crew attention possiflkis is typically at
takeoff, landing, and low and slow situations. Aircrew would typically be assigned sectors outside
the aircraft.The fewer the available crew, the more challenging the ability to acquire otregsthre
becomes.

SystemsSensor systems on helicopters capable of detecting birds or drones are not well
developed, widely available, nor affordable in their current state.

Conclusions:The research team is not prepared to make preliminary conclusiordimgga
this task at this timezurther details and subsequent conclusions regarding opematomircraft
exceedance rates will be presented in future iterations of this report, as additional data, contextual
observations, and analysis results become available.

Future Research Recommendationg=uture versions of this report may include
additional recommendais concerning investigation of operatiogar aircrafexceedance rates,
based upon observation, analysis, or inferences drawn from contextual examination of materials.
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Such recommendations are intended to support the definition and development otfatace
research efforts that are beyond the scope of this project.

2.3.5 Task C.5:What are exceedance rates for Operation Over Human Beings (14 CFR

8107.39)?

Leveraging static population density data, the research team will attempt to codify the
potentialrisk posed by SUAS operations over human beigsile population density does not
provide a direct measurement of exceedance criteria for this research question, there is very little
dynamic data availabl&he research team will provide a census of sld&isvity within various
population density categories, based on available GIS census data.

Additionally, the research team will attempt to codify flights that preskkelst potential
to involve flight over unprotectefl.e., not in a vehicle or strugte) human beings, based on
operating location derived from Task ASpecific areas of interest include stadiums, parks or
recreation areas, and parking ld@her areas of interest may be explored based on further FAA
guidance.

In January 2021, the Beral Aviation Administration released new rulemaking regarding
SUAS flight over people. Codified in 14 C.F.R. 8107.39 and 14 C§.®&, Subpart D, the rule
stateFAA, 2020D):

1 14 C.F.R.8107.39: No one may operate a SUAS over a human being unless (1) the human
being is directly participating in the operation of the SUAS; (2) the human being is located
under a covered structure or inside a stationary vehicle that can provide reasonable
protectionfrom a falling SUAS; or (3) the operation meet the requirements of at least one
of the operation categories specified in subpart D of this part [Operation Over Human
Beings].

1 14 CFR 107, Subpart D, Operation Over Human BeingsThe rule establishes fouew
categories of small unmanned aircraft for routine operations over people: Category 1,
Category 2, Category 3, and Category 4. The rule also allowsutine operations over
moving vehicles.

o Category 1:eligible small unmanned aircraft must weigh I 0.55, including
everything on board or otherwise attached, and contain no exposed rotating parts
that would lacerate human skin. No FAs&cepted Means of Compliance (MOC)
or Declaration of Compliance (DOC) required. Remote pilots are prohibited from
operating a small unmanned aircraft as a Category 1 operation in sustained flight
over operair assemblies unless the operation meets the requirements for standard
remote identification or remote identification broadcast modules established in the
Remote D Final Rule.

o Category 2: eligible small unmanned aircraft must not cause injury to a human
being that is equivalent to or greater than the severity of injury caused by a transfer
of 11 footpounds of kinetic energy upon impact from a rigid object, do#s no
contain any exposed rotating parts that could lacerate human skin upon impact with
a human being, and does not contain any safety defects. Requireadéapted
means of compliance and FA#ccepted declaration of complian&&mote pilots
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are prohibitedrom operating a small unmanned aircraft as a Category 2 operation
in sustained flight over opesir assemblies unless the operation meets the
requirements for standard remote identification or remote identification broadcast
modules established in the Ret® ID Final Rule.

o Category 3: eligible small unmanned aircraft must not cause injury to a human
being that is equivalent to or greater than the severity of injury caused by a transfer
of 25 footpounds of kinetic energy upon impact from a rigid objectsdoot
contain any exposed rotating parts that could lacerate human skin upon impact with
a human being, and does not contain any safety defects. Requireadeépted
means of compliance and FA#ccepted declaration of complianddust not
operate the snlaunmanned aircraft over opear assemblies of human beings.
May only operate the small unmanned aircraft above any human being if operation
meets one of the following conditions: (1) The operation is within or over a elosed
or restrictedaccess site @hall human beings located within the closext
restrictedaccess site must be on notice that a small unmanned aircraft may fly over
them, or (2) The small unmanned aircraft does not maintain sustained flight over
any human being unless that human besngjriectly participating in the operation
of the small unmanned aircraft; or located under a covered structure or inside a
stationary vehicle that can provide reasonable protection from a falling small
unmanned aircraft.

o Category 4: eligible small unmannediircraft must have an airworthiness
certificate issued under Part 21 of FAA regulations. Must be operated in accordance
with the operating limitations specified in the approved Flight Manual or as
otherwise specified by the Administrator. The operatimgititions must not
prohibit operations over human beings. Must have maintenance, preventive
maintenance, alterations, or inspections performed in accordance with specific
requirements in the final rule.

Findings: Data collection for this task is still uadvay. Preliminary findings are not
available for reporting at this tim&lpdates on this task will be provided in a subsequent annual
report.

Conclusions:Further details and subsequent conclusions regarding operation over human
beings exceedance ratedlwe presented in future iterations of this report, as additional data,
contextual observations, and analysis results become availdt@eresident population values
examined in connection with Task B.Wiat are current sUAS traffic attributes over anb
areas? will be used tocorroborate population density and may, subsequently, offer additional
insight andindings to help with the investigation and analysis of this task.

Future Research Recommendations:Future versions of this report may include
additional recommendations concerning investigation of operatienhuman beingsxceedance
rates, based upon observation, analysis, or inferences drawn from contextual examination of
materials. Such recommendations are intended to support the defamitiaievelopment of future
related research efforts that are beyond the scope of this project.
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2.3.6 Task C.6:What are exceedance rates for Operating Limitations for sUAS (14 CFR
8§107.51)?

The objective of this research task is to evaluate for potential exoeesl of SUAS operating

limitations associated with 14 CFRLO7.51 operational flight restrictions, including: speed,

altitude, and visibility/cloud clearance limits.

2.3.6.1 Task C.6.1Speed Limitations

The research team will determine the maximum instantaretddS speed (mph) for each flight
and create a stacked bar chart showing the flight count distribution by the, medlown in
Figure57. Distribution of SUAS Speed by Model CategoAdditionally, cumulative distribution
of maximum instantaneous speeds will be generated for all models.

Findings: Only 28.8% (=135,819) flights contained adequate data to conduct speed
sampling.The bulk of SUAS (29.0%) were flown lass than 5 mphas shown ifrigure57. More
than 24.9% of sUAS flights were conducted at speeds betwed@ &(ph.More than 97.1% of
SUAS flights are conducted &ds than 50 mpiNearly 95% of all SUAS flights detected at speeds
above 50 mph were flown by the FPV platfo@nly .002% (=3) of all sampled fligh& all FPV
platforms were flown at speeds in excess of 100 mph, an exceedance of 181CFR1(a).
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Figure57. Distribution of SUAS Speed by Model Category

Conclusions: Further details and subsequent conclusions regarding skigegd
limitations exceedance rates will be presented in future iterations of this report, as additional data,
contextual observations, and analysis results become available.

Future Research Recommendationg=uture versions of this report may include
additionalrecommendations concerning investigation of sl$f8edimitations exceedance
rates, based upon observation, analysis, or inferences drawn from contextual examination of
materials. Such recommendations are intended to support the definition and devetdpmen
future related research efforts that are beyond the scope of this project.
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2.3.6.2 Task C.6.2Altitude Limitations

SUAS operating altitudes exceeding 400 ft AGL will be reported in Task Phik task
will focus specifically on evaluating SUAS operatioakihg place around structures or buildings,
as defined in 14 CFB107.51(b)(1) and (2).

Many counties or municipalities maintain offices that collect and manage geospatial
information. This data is commonly used for assessing floodplains, zoning, emergency
resources, critical infrastructure, and related purpdsesresearch team will request GIS
shapefiles or other available data that contains building or structure elevation information.
One anticipated challenge for assessing this subtask is the lakaitdble GIS data
containing required elevation information to needed successfully accomplish thi task.
the event building elevation data is not available, the research team proposes to utilize
available HIFLD GIS tower data, which generally includewer height information.
Specific applicable HIFLD datasets include Cellular Towers, Land Mobile Broadcast
Towers, AM Transmission Towers; FM Transmission Towers, Paging Transmission
Towers, LaneMobile Commercial Transmission Towers, and Microwave Servmwers.

The research team will assess detected SUAS activity withiiot@@ateral proximity of

the respective towers and assess sUAS altitude to determine the number of operations that
exceed 400eet above the maximum tower elevation.

Findings: Data collection for this task is still underwafreliminary findings are not
available for reporting at this tim&lpdates on this task will be provided in a subsequent annual
report.

Conclusions: Further details and subsequent conclusions regarding salf8de
limitations exceedance rates will be presented in future iterations of this report, as additional data,
contextual observations, and analysis results become available.

Future Research Recommendationg=uture versions of this report may include
additional recommendations concerning investigation of SUAS altitude limitations exceedance
rates, based upon observation, analysis, or inferences drawn from contextual examination of
materials. Such recommendations are intended to support the definitidevatdpment of
future related research efforts that are beyond the scope of this project.

2.3.6.3 Task C.6.3Visihility & Cloud Clearance

Using the historical ASOS aviation weather information derived from the lowa State
University Environmental MESONET, thesearch team will assess the following: When
SUAS have been operated during timeframes in which visibility was reported at less than 3 SM
(14 CFR8107.51(c) exceedance) or (®Yhen a cloud ceiling is 500 feet or less (14 CFR
8107.51(¢)(1) exceedance)

Findings: The research team assessed sUAS flight operations that were conducted within
5 miles of an ASOS or AWOS reporting stati®@valuated flights were further limited to those
flights that occurred within 5 minutes of a publisiheteorological Aerodsime Repor(METAR)
report.A total of 4,696 flights met criteria for station proximity and temporal limitations to include
in the sampleThe research team assessed when flights were conducted in reported visibility
conditions of less than 3 SM, or whelaud ceiling (5/8 or greater cloud coverage / Broken or
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Overcast) was reported at 500 feet or I€Hse research identified 38 (.8%) cloud ceiling
exceedances, 94 visibility exceedances (2.0%), and 49 (1.0%) exceedances of both ceiling and
visibility limits as seen ifrigure58. The mean and median of ceiling and visibility exceedances
were found to occur in the morning between 7:00e8r00am (local timeas shown inrable16.

The preponderance of visibility exceedances (49r&%1) occurred when visual conditions were
reported at between 1#3 miles of visibilityas shown irFigure59.

The majority of cloud clearance exceedances (83189%3) occurred during overcast
conditions, with the number of exceedances decreasing with lower reported csitiogs in
Figure60. To better understand sUAS operator behavior in varying cloud cover conditions, the
research team assessed the sample data for cloud coverage conditions during sUAS flights that did
notexceed ceiling limitations, which included 40.28&1,888) of the sample data poiets seen
in Figure61. The distribution of SUAS flights which did not exceed ceiling regulatory limits is
presented ifrigure62. Overall, the vast majority of those flights (29.286551) were carried out
with cloud coverage at or above 5,000 feet.
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Figure58. Weather Exceedances by Date, Time & Tyhd 2021Jan 2022)

Note: 4,696 flights met critea for evaluation (within 5 miles of reporting weather station;
operation within 5m of published weather report); violations occur when flying in visibility of less
than 3 SM or when cloud (ceiling) clearance was less than 500Ge#ing exceedances
(38)(.8%); Both ceiling & vis exceedances (49)(1.0%); Visibility exceedances (94)(2.0%).

Table16. Descriptive Statistics of Ceiling & Visibility Exceedance Times

Ceiling Visibility Ceiling & Visibility
Mean 8:29 8:47 7:12
Median 7:34 8:08 7:35
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Figure60. Bar Graph of Cloud Clearance Exceedances by Ceiling.Type

Note: Cloud ceilings indicated by Broken [BKN], 5/8 to €l8ud cover; and Overcast [OVC], 8/8 cloud
cover.
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Figure61. Cloud Ceilings During Compliar®JAS Operations

Note: Cloud ceilings indicated by Few [FEW], 1/8 to 2/8 cover; Scattered [SCT], 3/8 to 4/8 cover; Broken
[BKN], 5/8 to 7/8 cover; and Overcast [OVC], 8/8 cover.
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Figure62. Distribution of Cloud Coverage of SUAS Flights (Excluding Exceedances)

Conclusions Further details and subsequent conclusions regasdidgs visibility and
cloud clearanelimitationsexceedance rates will be presented in future iterations of this report, as
additional data, contextual observations, and analysis results become available.

Future Research Recommendationg=uture versions of this report may include
additional recommendations concerning investigatisslUAS visibility and cloud clearance
limitations exceedance rates, based upon observation, analysis, or inferences drawn from
contextual examination of matesaSuch recommendations are intended to support the
definition and development of future related research efforts that are beyond the scope of this
project.

2.4 Task D: Near Aerodrome sUAS Operations & Encounter Risks with Manned Air
Traffic (Performers)
The purpose of this task is to highlight potential risks to aviation operations as a result of
SUAS flight around aerodromes and near manned air trathes section will also identify
potential security challenges posed by sUAS operating-fityramnes ad critical infrastructure.

2.4.1 Task D.1: What is the likelihood of encountering another sUAS during a flight?

The research team perfoeoha spatial and tempor&lime) analysis of all SUAS flights
within each sampling area to determotzurrences of sUABperatedn simultaneouproximity
to each otherAccording to DJI, the OcuSync 2.0 transmission protocol has a maximum
transmission distance of 10,000m (~6.2 SM), with other transmission protocols having lessor
transmission ranges of 7,000m (~4.3 SM), 4000205 SM), and 2,000m (~1.2 SM)he research
team will report the number of SUAS simultaneously operating witji@0 feet horizontally, 500
feet vertically, and within a temporal space of 60 secddsifg the various encounter distances,
the researclieam will report an encounter curve based on the respective likelihoods of SUAS
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encountering other sUAS during flighithe answer to this research question should inform upon
both the likelihood of SUAS encounters and assess the potential for dataliskision
interference from nearby sUAS operations.

Findings: The analysis tool calculatéfliclidean distance betwesbAS flight telemetry
from 37 sample areagithin the dataseilhoseflights thatmeasured within the specifiglistance
criteriawerethen tested to ensure they felthin the established temporal randetotal of 1,696
dronedrone encounters were discovered within the dataset that fell within the established distance
and time criteria (4,000 feet laterally, 500 feet verticallys6@®nd temporal separatior(losest
point of approach data is provided kigure 63. Generally, dron&rone encountertended to
demonstrate positive skewness, indiagatmore drone encounters occurred within the vertical
space.This condition may indicate that operators are conducting flights within confined lateral
areas, such as a park or other public spabidike aircraftsUAS encounters, drordrone
encounters tendeto occur at much closer distances, with almost 77% of the sanyile802)
coming within a distance of 500 feet horizontally and 100 feet vertically (60s tempai@ditjonal
data is presented Figure64.

Initial analysis shows a relatively strong correlation between the number of flights within
a particular sample area and the resulting number of encouli8§s= .82,p = <.001.A linear
regression waperformed to predict the number of encounters from the number of flights within
each sample areB(1,35) = 73.3p = <.001, R=.677, Ragjusted= .668.The regression coefficient
(B = .008, 95% CI [.006, .010]) indicated that an increase in one dligk corresponded, on
averageto an increase in the number of encounters by, §f0@wvn inFigure65.
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Conclusions: Further details and subsequent conclusions regarding sUAS operational
encounter potential will be presented in future iterations of this report, as additional data,
contextual observations, andadysis results become available.

Future Research Recommendationg=uture versions of this report may include
additional recommendations concerning investigatisslUAS operational encounter potential
based upon observation, analysis, or inferences dirawncontextual examination of materials.
Such recommendations are intended to support the definition and development of future related
research efforts that are beyond the scope of this project.

2.4.2 Task D.2: What is the likelihood of a low altitude mannadcraft encountering a SUAS

during a flight?

Leveraging a similar approach to Tasks C.4 and D.1, the research team will analyze the
SUAS detection and AD8 datasets for near encounters based on several different
distance/altitude setting#\nalysis disances will beo at 4,000 feet horizontally / 50feet
vertically. This procedure will generate a likelihood of encounter curve, based on the closest points
of approach. An execution error resulted in the temporal analysis being conducted using 60
second®f separation rather than 2 seconds, as used in Task C.4. Future analysis will implement
a consistent temporal separation value.

Findings: Encounter results were analyzed from Task @.4otal of 10 locations were
sampled, yielding a total of 23hcounters [within 4,000 feet horizontally, 500 feet vertically, 2s
temporal separatiords shown inrable 17. Although it is generally not appropriate to conduct
staistical analysiswith only 10 samples, however, the research team wanted to evadsaiele
relationshipdetween the number of encounters and other factors, such as the number of recorded
aircraft flights, UAS flights, and UAS population within eaclmgde area to see if arpatterns
began to emergas seen ifrigure66. The resulting xy scatterplot did not yield any discernable
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relationshippatterns.A subsequenPearson Correlation test of the variables all yielded low
correlation coefficients.

An encounter curve was produced to show the relativistic drop in the number encounters,
based on confining the encounter critesm shown inFigure 67. While Figure 67 shows the
cumulative distribution of aircraBUAS encounterssigure68 further divides the encounters into
their respective sampling areas.

Tablel7. Table of AircraftsUAS Encounters by Location

Location Encounters AC Flights UAS Flights UAS Population  Sample Days
BatonRougeLA 4 93 650 175 66
Boston MA 153 194131 1540 679 179
Brooklyn, NY 76 595438 1660 785 179
Brownsville, TX 33 11244 3627 942 109
Chillicothe, OH 8 35433 527 152 179
ConcordeNH 12 47254 97 41 179
FerndaleWA 13 90166 398 196 179
KankakeelL 2 129102 710 191 179
SacramentoCA 11 104432 242 137 179
Yuma, AZ 13 6911 3218 729 179
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Figure68. Distribution of AircraftsUAS Encounters by Location (Jul “dan '22jn=325)

Discussion:This section aims to analyze the data of paired encounters (SUAS to manned
aircraft) over pecific locations across the U.8n encounter was based on single sUAS and
mannedaircraft readings. Once the vertical and horizontal separdismseen them were less or
equal to 500 and 4000 ft., respectively, the encounter was recorded. The provided data has
information regarding the geographical locations of the aircraft and the sUAS, along with the
aircraft call sign, aircrafflCAO24code, done type, horizontal separation, and vertical separation.

Thegathereddata was filtered talentify each encounter by@rone Serial Numbeand a
unique AircrafiCAO24code.Figure69 shows the daily number of encounterai August 2021
to the end of January 202Phe highest courtdf encounters occurred MovemberandDecember
2021, whereas the loweshtgin Septemberrad October 2021.
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Figure69. Daily sSUAS Encounters Counts

This section presents an analysis of the separation distance between the sUAS and the
manned aircraft encountefigp to 60s temporal separatiofjgure70 shows a scatter plot of the
vertical and horizontal missed distances for four SUAS weight classes. The noticeable trend is the
predominance of sUAS with weights ranging from 02tdbs. Moreover, only 4 encounters
penetrated the 500x100 fioss of separationjolume.Figure71lillustrates a probability of volume
violation given an encountexhich can be described through a cubic regression. For this analysis,
an encounter is defined as any sUAS activity withB08 ft. horizontally ad 500 feetvertically
from a manned aircraft.
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Figure70. UAS Activity by Distane & Altitude.

Figure71. Probability of Volume Violation given an Encounter from August 2021 to January 2022

128


























































































