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UNITS OF MEASUREMENT

Measurement | Acronym | Datum Type

Feet ft MSL or AGL, as indicated Vertical distance

Hour. Minute hh:mm UTM or Local(L), as indicated Time

Meters m N/A Lateraldistance or vertical distance
(research team will convert)

Miles per Hour | mph N/A Speed

Seconds S N/A Duration

Statute Mile SM N/A Lateral distance

Nautical Mile NM N/A Lateral distance
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TABLE OF ACRONYMS

Acronym Meaning
AAM Advanced AirMobility
ADS-B Automatic Dependent Surveillan@roadcast
AGL Above Ground Level
API Application Programming Interface
ARP Airport Reference Point
ASSURE Alliance for System Safety of UAS through Research Excellence
ASOS Automated Surfac®bserving Systems
ASTM American Society for Testing and Materials International
ATC Air Traffic Control
AWOS Automated Weather Observing Systems
BVLOS Beyond Visual Line of Sight
CDA Commercial Drone Alliance
CFR Code of FederdRegulations
COA Certificate of Authorization
C-UAS CounterUnmanned Aircraft System
DHS Department of Homeland Security
FAA Federal Aviation Administration
FRIA FAA-Recognized Identification Area
GIS Geographic Information System
GLARE Geographic Low Altitude Risk Estimation
HAE Height Above Ellipsoid
HIFLD Homeland Infrastructure Foundatiduevel Data
ID Identification
IP Ingress Protection
LAANC Low Altitude Authorization and Notification Capability
LTE LongTermEvolution (Wireless Communication Standard)
MSL Mean Sea Level
N/A Not Applicable
NAS National Airspace System
NOTAM Notice to Airmen
OEM Original Equipment Manufacturer
ORNL Oak Ridge National Laboratory
Pl Principal Investigator
RID Remoteldentification
RSSI Received Signal Strength Indicator
SUAS Small Unmanned Aircraft System
TFR Temporary Flight Restriction
UAM Urban Air Mobility
UAS Unmanned Aircraft System
UASFM UAS Facility Map
UAS ID UAS lIdentification and Tracking
URSA Unmanned Robotics Systems Analysis
UTM Unmanned Traffic Management
VOR Very High Frequency Omnidirectional Range
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EXECUTIVE SUMMARY

This report presents tlemnsolidatedindings of the ASSURE A11L.UAS.91: Small Unmanned Aircraft
Systems (sUAS) Traffic Analysighis project aimedb provide objective insight into low altitude traffic

in the National Airspace System (NAS) using empirical dateed, Remotddentification (D) sensors

were placed at selected locations throughout the United States to capture SUAS activity and telemetry data
The primary objectives of this project were to: (1) identify, assess, mitigate, and monitor for SUAS safety
hazards; (2) determine the effectives@f existing sSUAS regulations; (3) accurately forecast sUAS traffic
levels; and (4) aid in identifying and assessing future aviation risk.

To answerthe estalished project research questiptigs report is divided into the following functional
sections

9 Data CollectiorandAnalysisMethodology

9 Current State of SUAS Traffic within the National Airspace System

1 Compliance and Exceedances of Cé#de of Federal RegulationcCKR) 107 Operational

Limitations
1 Near Aerodrome sUAS OperatioasdNational Airspace System Risk Analysis
1 Forecasting Industry GrowtmdPotential Advanced Air Mobility Implications

The research team partnered with Pierce Aerospace, Inc, an industry Remote Identification detection service
provider to support data collection effortdPierce Aerospace furnished the Remote ID collection
technology, and conducted device installation, suppord routine data extractioBampling locations

were purposefully selected proximate to airparid other aviation activitfRemote ID technology range
limitations, limited the research team from collectitagasets dtighly-desired large hub airpa locations

due toairfield access restrictions and legal approval hurdles

The research team also leveraged cloud storage, software, and digital analysis tools furnished by Unmanned
Robotics Systems Analysis (URSA), Inc. to support data aggregation, analysis, synthesis, and visualization.
The research team leveraged the aforementioned industry resources to commpipeehensivassessment

of sUAS operations within the leaititude airspace of the NA&nhdaddress the project objectives and
research questions.

The study highlights several key challenges and risks associated with sUAS operations. Remote ID
detection is limited to a range of about 10 mitkedess, making ithallengingfor largescale airspace
surveillanceAs of mid-April 2025, Remote ID adoption was reported as 207,665 of the total 415,095 Part
107 registrations nE50.03%), with 81.26% Standard Remote ID equipage and 18.74% Remote ID
Broadcast Modules (FAA Aviation Policy & Plans [APO], personal communication, April 18, 2025).
Similarly, the FAArecorded 139,166 recreational registratiauith Remote ID equipage out of 456,169
total recreational registratisnn=30.51%), comprised of 76.18% Standard Remote ID equipage and
23.82% Remote ID Broadcast Modules (FAA Aviation Policy & Plans [APO], personal communication,
April 18, 2025). Additionally, the absence of a consolidatedhote ID SUAS detection network hinders

the enforcement of operator accountability and-tiea¢ airspace risk assessmdrtie discrepancy between

Low Altitude Authorizatiorand Notification CapabilityL AANC) approvals andetectedsUAS operations
highlightsa disproportionate number of flights are being carried out under certificates of authorization or
airspace authorizations, or map@buggest that some flights in controlled airspace may be carried out
without authorizationNotably, SUAS traffic spikes around holidays, suggesting significant recreational
use, whilenonrecreational (Part 107Qperations continue to expand, particularly as new integration
measures emerge. Data also indisadepreference for smaller, newer platforms, with DJI models
dominating the market.
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Operational trends reveal several areas of concern, including altitadedancessues, with some flights
surpassinghe 4006foot regulatory ceiling and posimptentialrisks to manned aviation. Many operations
are concentrated in residentiedighborhoodsincreasing the likelihood of encounters witAnnedircraft

in those areasShort flight durations, typically under 35 minut@sesen transient risks but also limit
opportunities fointervention Furthermore, SUAS activity is notably higher neenoalromes and heliports,
with some flights exceeding altitude limits, posipotentialsafety hazards low-flying aircraft. Most
flights occur in calm weather and daylight hours, whilerentnighttime operations remain minimdlut
could increase witlthe expansion otommercial applicationssuch as package deliveryhe recent
removal of DJI geofencing raises additiosafety andecurity concerns, potentially increasing incursions
into controlled airspace and over protected facilities and infrasneic

The recommendations focus on improving theesaid efficient integration ofUsAS into theNAS by
addressing key gaps in policy, technology, and operational guidance. Research efforts should expand to
better understanr@mote ID effectiveness, including its range, signal interference, and coverage limitations.
Additionally, the study emphasizes the need for broader data collection efforts to improve statistical
reliability and better inform national airspatgk assessmenthese efforts are slated for insion in the
follow-on ASSURE A83 project, which aims to further refine drone traffic analysis.

Suggested merational improvements include enhanced situational awareness through heliport plotting on
sectional charts, broadcasting sUAS traffic alerts to manned aircraft, and upBatiagal Aviation
Administration FAA) guidance on collision avoidance and conspicuity. Further, expanding training
opportunities for UAS operators via the FAA WINGS program and consolidating critical flight reference
materials into a singular, centralized online hub will streamline accesssémtial operational resources.
Collectively, these recommendations support -deiteen decisiormaking and proactive risk mitigation
strategies, fostering a safer and more scalable framework for UAS integration into the NAS.

Xiv



1 INTRODUCTION AND BACKGROUND

In a report assessing risks Whmanned Aircraft SystemJAS) integration, the National Academie$

Sciencs (2018) highlightedthe need for a datdriven approachot inform policy decisiormaking

According to the report, successful UAS integration into the National Airspace Sy#A6his contingent

oncreatinga probabilistic risk assessment td@dssessing risk is far easier when the risk is \gakntified

by relevant empirical datgNational Academy of Science, 2018, p. 4dpwever, collectingsuch data

presents notablehallengesThe authors notkthat UAS operations dais"expensive to collect, saze, or
nortexistent, and in some cases, not very rellafational Academies of Science, 2018, p.. 3@&cording

to the Government Accountability Office (2018), t
is I'imited by FAAOGs | ack of r el.Aceondingto Rbggera(20d8), uns af
"currently, there is no means for any central entity to accurately collect, track, record, report, disseminate,

or analyze data regarding how many total UAS flights occur withouhbavsafety incident or terminating

in a mishap (p. 3).

Data gaps wernoted explicitlyfor UAS encounter statistics and leadtitude dataComplicating the low
altitude UAS operations datllectionis the lack of a requirement for transponder equipment or other
means of tracking for UAS, since conventional surveillance sysgmesrally cannoprovide adequate
detection (Deloitte, 2018, p. 9).

Similarly, the Commercial Drone Alliance (CDA) (2020) emphasized the lack caltitnde UAS data,
stating,". . . additional effort to properly evaluate the imvel risk that UAS operations present to manned
aircraft is necessaty(para. 7) The CDA (2020) argues that the lack of empirical datalersaccurate
assegsent oflow altitude airspace riskorompting the regulatory authorities &mlopta conservative
approach to UAS polieynaking The consumer advocacy growarnsthat such an approach may risk the
U.S.falling behind in implementing low altitude operations glob&MpA, 2020, para. 8)

The Commercial Drone Alliance recommends:

. . .conductinga sophisticated, national study of the operational risks associated witititmde

UAS operations below 400 feet AGIhe 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 United States. The federal government could conduct an airspace
chaacterization effort leveraging nationwide radar and other surveillance assets (from FAA, DOD,
and other sources) torovide an assessment of the relative risk presenteddAsy and AAM
operations(CDA, 2020, para 9)

1.1 Purposeand Scope

This project aimedo establish a framework for addressing the need to collect empirical data required to
conduct sUAS traffic analysis in lealtitude airspaceThis frameworkvas designed tsupport thd=AA's

efforts in the following activities 1) acairately forecasting sUAS growth; Planning further si3S
airspace integration efforts; 8pnducting risk assessmts of proposed SUAS operatiord;estimating
compliancewith existingregulations; and 5) informindpe development ofuture regulatios andpolicies

The research team acquirkidtorical SUAS activity and telemetdata from sensors operated Bigrce
Aerospace, Inca sUAS Remote ldentification compamhe data was assessed, using various analytical
processes and methods to achieve the following outcomes:

1 Assesshe effectiveness of existing regulatsomnder 14 CFR 107

1 Measureexceedances to Pa@Z operational limitations
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Determinethe state of SUAS operations and actiwityproximity to aerodromes

Assesghe risk of potential SUAS encounters or collisions with aircraft operating within the NAS
Providefindings and recommendations that may inform the development of Unmanned Traffic
ManagementUTM) requirements andrban Air Mobility (UAM) route design

= =4 =4

The resultant data and findings of this study inform upon the following agency objectives:
SupportsUAS forecasting and planning processes

Furnish data and analysis that supports SUAS operations risk assessment evaluations
Inform thedevelopment of future SUAS regulation and polmgking

Create analysis benchmarks and methodologies for assessing Remote Identification data

=A =4 =4 =4

1.2 Background

1.2.1 Background of Remote Identificatioiechnology

Remote IDenables UAS in flight to provide identification and location information tbiter parties can
receive(UAS Remotddentification 2023) In simplified termsRemote ID functionsas di gi t al Al i
pl at ed t haUAS]itdlecationahdiwbese its dorgrol station is located. Its primary function is

to allow the public and authorities to monitor airspacévity, identify UAS, and take appropriate actions

against unlawful activities.

At the end of 2020, the FAA released two landmark rules that will be integral to unlocking the enormous
potential of UAS: Remote Identification of Unmanned Aircraft (Remote ID Rule 1) and Operation of Small
Unmanned Aircraft Systems Over People (OOP Rul@ck andMatthews, 2021)These rules require

UAS operators to meet specific identification requirements. All UAS pilots required to register their aircraft

must comply with thee new regulations Operators can maintain compliance by choosing one of three
technology options: purchasing a UAS with remote |
Remote | DO0), retrofitting a remote | D operdtnd e ( fibr
without remote ID equipmentithin apre-approved airspace called a FARemgnized Identification Area

(FRIA) (see Figure L

3 Ways Drone Pilots Can Meet Remote ID Rule

Standard Remote Drones With Remote ID Drones Without Remote ID

ID Drones D D Broadcast Module D
~. S 4

[

. S
< ~'« ¥
P~ U 2 y e
&
»
y . A " P ¢
Drone Broadcasts Remote 1D Drone Broadcasts Remote ID l
Info. Via Radio Frequency. - — — Info. Via Radio Frequency.
e.g. Wifi & Bluetooth e.g. Wifi & Bluetooth
Drone Remote Identification Drone Remote Identification FAA-Recognized Identification Area
(FRIA)

Figurel. Three Means of Compliance for Remote Identification.

122 RemoteIDFuncti on.

Remote IDfunctionsas a digital license plate, providing ré¢mhe identification and locatiodata for UAS
UAS broadcasting a Remote ID signal must incliéefollowingelementsn the broadcast messa@¢AS
Remote Identification2023):

1 A unique identifier for th&JAS.
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1 The UAS's latitude, longitude, geometric altitude, aeldcity.

1 Anindication of the latitude, longitude, and geometric altitude of the control station (standard) or
takeoff location (broadcast modyle

1 Atime mark

1 Emergency status (Standard Remote ID UAS only)

Remote ID signa are typicallybroadcast via WFi or Bluetooth anccan be received by compatible
personal wireless devices. While most wireless devices within range of the UAS will be able to detect the
signal, correlating the serial number or session ID with the registration database will be limited to the FAA
and can be made available to authorileeel enforcement and national security personnel upon request
(UAS Remote Identification2023)

Additionally, there are several rules manufacturers must follow to ensure their prothyteswith the

new rules. While the minimum performance requirements for compliance are listed in the final publication
(Remote Identification of Unmanned Aircraft, 20249w they are achieved are left unspecified, allowing

for various means and design proces$bs rule further amendgl CFRParts 91 and 107 to prohibising
Automatic Dependent Surveillan@roadcas{ADS-B) Out orAir Traffic Control ATC) Transponders on

UAS unless otherwise authorized. AIBSs allowed only if flying under a flight plan and in tweay radio
communication with ATC. This type of transponder authorization will likely be usedhdoe extensive

UAS operating within controlled airspace. This means that-BODS$not considered an acdaple means

of compliance with Bmote IDrequirements bumay be an additional requirement fadvanced Air
Mobility (AAM) vehicles operating under certain conditions.

1.2.3 Remote ID Capability

Remote ID can be implementei two primary methodsetworkbased and broadcasasedBelwafi et

al., 2022) The networkbasedmethodwould have requiredJAS to transmitRemote IDdata overthe
internet to a thirgbarty service providerAfter significant public pushback, the FAA eliminated the
requirement foretworkbased remote identification due to technical and implementation challenges
(Remote Identification of Unmanned Aircraft, 2020nly broadcasbased technologies are required by
the final ruling(Remote Identification of Unmanned Aircrafitd.). The broadcadbased methottansmits
identificationdatalocally via oneway communication over a Bluetooth or A®fi signak, independent of
internet connectivity. A local server equipped with a handheld device can receiRentfige ID in real

time using the proposed communication links. These remote ID mechanisms aim to detect, identify, track,
and manage UAS operating within urban airspace.

124 Strengths of Remote | D.

ImplementingRemote ID technology offers significant strengths and benefits in enhancing the safety,
security, and effective integration of UAS into the NAS. These strengths Rexkete ID a critical
component in ensuring the safe and responsible operation of UAS while safeguarding the airspace for all
users.

First and foremost, &note ID enables a retine identification and tracking of UAS in flight. By providing
accurate and ufp-date identification and location informatiodRemote ID empowers authorities and the
public to monitor and understand the activitiesUS operating within the airspace. This capability
enablesprompt detection of unauthorized or potentially malicious UAS operations, enabling swift and
appropriate responses to mitigate potential threats or risks.

Moreover, Rmote IDis vital in enforcing regulations and ensuring compliance with existingfaiure

UAS regulations. With Bmote ID technology, authorities can verify the identity and compliance status of
UAS, helping deterunlawful activities and promoting adherence to operational limitations and safety
protocols.Monitoring and enforcingompliance through Remote ID helmaintain the integrity of the
airspace and promotes responsible UAS operations.
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In addition, RRmote ID supports effective integration of UAS into the NAS by providing valuable data for
accurate forecasting of SUAS growth. By collecting comprehensive and reliable information 8n sUA
traffic patterns and trendsgRiote ID facilitates informed decisianaking and planning for the safe and
efficient integration of UAS into airspace. This ddtaven approach would allow the FAA to anticipate
and address potential challenges and capacity iSypt®zing airspace utilization

Finally, Remote ID technology contributes to risk assessments for proposed UAS operations. By having
access to identification and location information, authorities can evaluate and analyze the potential risks
associated with specific drone operations, particuldubgénearcritical infrastructure, populated areas,

near an airport, or other sensitive locations. This capability enat@esfying and mitigatingpotential

safety hazards, enhancing overall situation awareness and risk management withgpdbe.a

1.2.5 Delayed Implementation of Remote ID Rules

On January 15, 202ihe Remote Identification of Unmanned Aircraft final rule (Remote Identification of
Unmanned Aircraft, 2021) was published to the Federal Register, and codified in federal aviation
regulations under 14 CFR 88%he new rule mandateichplementing and usinRemote identification

equipment while operating applicable unmanned aircraft syseffastive September 16, 2025 a

subsequent policy directive issued on September 12,02i83 daysbefore mandatory Remote ID

compliancé the FAA amounced a deferral of enforcement fire Remote Identification rule
(Enforcement Policy Regarding Operator Compliance Deadline for Remote Identification of Unmanned
Aircraft, 2023)Cl ar i fying the agencyods position, the annot
received digh volumeof FRIA applications that had not been procedsefdret he r ul eds I mpl em
date Moreover, the agencyoted concerns regarding the limited availability of RemotebtBadcast

modules. As a result, the agency exercised its enforcement discretion, effectively deferriagmpliance

with the Remote Identification rule for a gixonth period, which ended on March 16, 2024.

The implications of this policyemainuncleaf however, the agencyds deci si ¢
likely result in further operator delays in implementilemote D equipmentwithout tangible
consequences

1.2.6 Capabilities andLimitations of Remote ID

The implementationand mainénance costs oRemote ID systemare significantconsideration
Developing and maintaining the necessary infrastructure, such as dedicated servers and network
connectivity, may impose financial burdens on regulatory bodies, industry stakeholders, and drone
operators. The costs associated with hardware, software, data storage, and ongoing maintenance may vary
dependingn the scale and scope of thenfbte ID implementation.

When recommendingemote IDrequirements, theAS Identification and Trackingviation Rulemaking
Committee UAS ID ARC)d the committee responsible for recommending Remote Identification
rulemaking policy to the FAA did notreach consensus on final recommendations té## (UAS ID
ARC, 2017) Onecentralpoint of contention was deteining the requirements for Remote Hboadcast
disposition The ARC determined two methods of broadcasting RID information: 1) Direct (local)
broadcastand2) Network broadcasDirect broadcasimeans Remote ID data is transmitted localhg

can be received by any device within range, without requiring a specified recifnentmplementation
requires no additional infrastructure to functidre key disadvantage of this approach is that absent
Remote IDreceivers in the ared®®emote IDtransmissionsire not received, recorded, or utilizéithe
alternative approach involvegtwork publishingf Remote IDdata Remote IDinformation is transmitted

to an internebased database or service provider via cellular, satellite, or other data commumicatio
network This approach would enable improved collectamalysis, and utilization of Remote tlata over

the direct broadcast solutioim the final implementation of Remote ID rules codified in 14 CFR Part 89,
the FAA elected to pursue the direct broadcast sol(iaw, 2021c)

Another notal# challenge from the adopted Remotdriplementation is the relatively lited reception
range of SUAS Remote IDansmissionsPierce Aerospace estimates that Remote ID reception range varies
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from approximately 3 NM in urban/suburban areas to 7 NM in rural settings; however, reception is subject
to many factors including weather, terrain, interference, and other factors (A. Pierce, personal
communication, April 24, 2025WVhile several technologies were considered for adoption by the UAS ID
ARC, the agencymplementeda low-power, direct radio frequency approatihresponding tdNotice of
Proposed Rulemakingpmments, the agency clarified thegsgtion on the subject, stating:

The FAA agrees with the commenters who proposed tr@ddioast remote identificatiois
sufficient to provide the required remote identification message elements to styppcat
unmanned aircraft operations and satisfy security requiremerttad@&st remote identification
does not rely on Internet availability, and is a secure odktihat is less susceptiblewadespread
failure caused by malicious actors or syst@mtages. Broadcast rematentification is also an
independent, less expensive, arabsl omplex method of providing theequired remote
identification message elements. The FAA hasmeined that a requirement fanmanned aircraft
to broadcast remote identification infortiwa will provide the FAA, lanenforcement, the general
public, and other parts of the atibn community with reaime information about unmanned
aircraft operations in any arederebroadcast signals can beceived. The broadcast will permit
detection of unmanmkaircraft It will permit lawenforcement and the geral public that receives
the broadasted message elements to hawermation about the unmanned aircraft locatzom
about the control ationor takeoff location. Personal wireless devicapable of receiving 47 CFR
part 15 frequencies, such as smart phones, tablets, ocotharecially available devices, wilbe
able to receive broadcast remote identificatidgarmation drectly without reliance on almternet
connection(FAA, 2021c,p. 795

The agency further acknowledged the potential range limitations ofpdover radio frequency

t rans mi s s iThenFAA nosstthattthe Iprgadcastirange @nte identification informatiorwill
have a finite limit based on signal strength limitations for unlicensed dévieas, 2021c, p. 121)The
FAA (2021c) wo urThedFAA acknowtedges thatttre tuskpart 6 devices foRemote
identification broadcasts may result in reduced distance andilisiiab compared to solutiorieveraging
licensed spectrum  ( p . Theludeto) lonpowerradio frequencyransmissions to transmit Remote ID
messages within an unlicensed spectmith likely be subject to performance limitatiéngarticularly
interference and range reception.

To enable Remote ID compliance for existing UAS or homebuilt platforms, the FAA instituted a policy
thatallowsan operator to retrofit their UAS with a Remoteldidadcast moduk® a small, attachable, self
contained transmir that broadcasts required Remotel@ments from takeoff to shutdown (FAA, 2021c)
The potential limitation of this device is that while it identifies the operator, it does not ghable
identification of the UAS platform in use withoaidditional amplifying information Moreover, he
broadcast module coultk swapped across multiple owned platforms, making it more diffioutteasure
operational patterns adequatelre researchers acknowledge that thiesigations do not adversely affect
regulatory complianceStill, some restrictions apply specifically the ability to discern applicable
information to answer the research questions posed in this study

Table 1 lists the minimum performance specifications required to maintain compliance with the Remote 1D
ruling. There may also be limitations regarding signal range and coverage in brdzakedkemote ID
systemsThe effectivaransmission and reception oéRote ID signals via Bluetooth or Wi technology

are subject to the limitations of these communication protocols, such as signal strength, interference, and
range. In certain situations, such as dense urban environments or areas with signiitanagdeetic
interference, the broadcashsedRemote ID signals may face challenges in reaching receivers or
experience signal degradation. This presents challenges, as the technology must be robust and not
susceptible to interference, while maintaining the required minimum performance specifications.
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Tablel. Remote ID Performance Requirements (14 GBR310).

Message Element Requirement

UAS Latitude / Longitude Accuracy 100 ft

UAS Altitude Accuracy 150 ft

Control Station Latitude / Longitude 100 ft(Standard BmotelD)
Accuracy

Control Station Altitude Accuracy 15 ft (Standard BmotelD)
Takeoff Location Latitude / Longitude 100 ft (Broadcast Modules)
Accuracy

Takeoff Location Elevation Accuracy 150 ft (Broadcast Modules)
Message Update Rate 1Hz

Message Latency 1 sec (max)

Remote Identification is advantaged by several characteristics, including a relatively high message refresh
rate An anecdotal review of collected Remote ID message frequency reveals that some Remote ID
manufacturers have implemented designs that vastly exceed the minimum message updatmedbmes

as much as 16 HxVhile this approach may aid in improved temporal fidelity for individual platfoitms,

also has notable drawbacks, including the potential for data saturation and complnayscs Higher

than required message update rates require analysts to filter and process vast quantities of data, while
offering only negligible benefit in reception, fidelity, and accuracy.

Another notable challenge of Remote Identification technology is the inability to differentiate between
different flights or sortie® singular missions or operaticagerformed by the same platform in a short
period Sortie counts are agssentiameasure of platform activity that aids analysts and policymakers in
identifying the operational frequency, tempo, and risk exposure of a UAS operation

Additionally, ensuring interoperability and compatibility betwelRemote ID systems and platforms
remains challengingAs the UAS industry continues to evolve and new technologies emerge, the need for
seamless integration addta sharing between differen¢Rote ID systemecomecrucial. This involves
addressing technical aspects awfablishing standardized protocols and data formats to enable cross
platform compatibity and interoperability amongéd®ote ID solutions from various manufacturers and
senice providers. Achieving comprehensive interoperability among diverse remote ID systems requires
ongoing efforts to develop and implement standardized solutions that promote effective data exchange in
the evolving UAS landscape.

1.2.7 UAS Remote ID Data Description

This projectutilized Remote ID sensors capabledaftecting and tracking sUAS in rd@the. These sensors

were deployed in the context of new FA&gulations, effectiv€eptember 16, 202&hich requireall UAS
operators to register their droreesd comply wittRemote IDstandards outlineith 14 CFR889 and portions

of 14 CFR 8107As such, the sensor data is instrumental in evaluating operator compliance and system
level adoption trend§.hese sensors provide for continuous, passive monitoring of detailed operations data,
including UAS location, altitude, speed, control station location, control station altitude, takeoff location,
and other details

The Remote Identification detection sensors used in this project collatdtthpresented in Table 2.
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Table2. Remote Identification Data Elements.

9 Identification (ID) 1 Point Altitude HAE
1 Mode 1 Remote ID Details Remote IDompliant
i Timestamp 1 Remote IDDetails Takeoff Location Latitude
9 Origin Address 1 Remote IDDetails Takeoff Location Longitud
9 Origin PointLatitude 1 Remote IDDetails Takeoff Location Heading
9 Origin Point Longitude 1 Remote IDDetails Takeoff Location Speed
9 Origin Point Heading 1 Remote IDDetails Takeoff Location Altitude
9 Origin Point Speed MSL Geodetic
1 Origin Point AltitudeMean Sea LeveMSL) | 1 Remote IDDetails Takeoff Location Altitud

Geodetic MSL Barometric
9 Origin Point Altitude Barometric Meters 1 Remote IDDetails Takeoff Location Altitude
{1 Origin Point AltitudeHeight Above Ellipsoid HAE

(HAE) 1 Remote IDRadio BluetoothReceived Signa
{ Operational Status Strength IndicatofRSS)
9 Point Latitude 1 Remote IDRadioWi-Fi RSSI
1 Point Longitude ' Remote IDRadio Estimated Receive Interval
1 Point Heading  Database Only Human Notes
1 Point Speed
9 Point Altitude MSL Geodetic
9 Point Altitude MSL Barometric

Data collection standards conformAmerican Society for Testing MateriglASTM) F341122, Standard
Specifications for Remote ID and Tracking (ASTM International, 2022)

2 DATA COLLECTION AND ANALYSIS METHODOLOGY

This sectionoutlines the data collection approach, analysis methodology, and related processes and
proceduregor conductinghe sUAS traffic analysis.

2.1 Instrumentsand Data Analysis Resources

Pierce Aerospace, Remote ID Data Partner

To acquirenecessarglata, the research team partnered with a Remote Identification provider called Pierce
AerospacdPierce Aerospace, 202Bierce Aerospace has developed Remote ID solutions since 2017 and
is funded by the . Air Force, the State of Indiana, and Techst@le company provides a myriad of
Remote ID solutions, includingommercial and government Remote ID beacon, setswell asthe
companyds propri et Rierge Adaspacetsdocatedbiishiers lodanay e r .

The research teasubcontractedPierce Aerospace to deploy Remote ID sensors to selected, prioritized
locations Pierce Aerospaceonstruced deployed and operattall sensor platforms in eagdampling
location choselfseeFigure2). The Remote ID devicawereequipped withmobile hotspots using Long
Term Evolution L TE) cellular connectivityenablingreattime transmission of Remote ID data to Pierce
Aer os p ac e 6 Fhe compaayegsialy delvaeddata batches to the research télarmughproject
completion
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Figure2. Piece Aerospace Remote ID Receiver

Remote IDDeploymentand Sampling Locations

UAS Remote D data were collected between October 1,2023, and September 30, 2024, from
approximately sensors deployedyabgraphicallydiverse locations throughout the Us@lected to capture
variation in airport proximity, population density, and regional air traffic characteristics

Unmanned Robotics Systems Analysis (URSA)

Organization

URSA is an ASSURE Center of Excellence Certified Partner and projeavgee. URSA is a leading
UAS and CountetJAS (C-UAS) data analytics company. URSA has supported U.S. Air FoldA®
integration efforts through Small Business Innovation Reseaactisy CustomandBorder Protection and
the FAA through UAS forensics contracts, and is involved witRl3AS test and evaluation exercise for
the Bureau of Prisons as the system of record for-&llAS and UAS telemetry data. URSA's platform
enables opators, law enforcement, and regulators to investigate UAS behavior and actigggnbining
variousdata sources into a flexible platfo(tdRSA, 2020)

Airspace Awareness Platform

URSA's customizableAirspace Awarenesglatform provides scalable vendagnostic data analytics
capable of processing mu#tource telemetry ar@deographical Information Systg(@1S) dataThe system
operates on an integrated wedised platform supported by trebustAmazon Web Services framework
for performing generalized assessment and detailedleasedata analysisLeveraging modern data
science andartificial intelligence capabilities, the platform provides rapid pattern detection, data
visualization, and automated reporting capabilities

2.2 Additional Datasets
lowa State University Environmental MESONET

The lowa State University Environmental MESONIpTovides archival data rom aviation weather
observation stations worldwideincluding Automated Weather Observing Systems (AWQS)
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Automated Surface Observing Systems (ASQ8&)ya State University, 2021According to the Flight
Safety Foundation (2018):

AWOS systems generally collect ceiling, sky condition, visibility, temperature, dew point,
altimeter settingwind speed, gusts, and directiohSOS can additionally provide the type and
intensity of precipitation (rain, snow, freezing raamd obstructions to visibility such as fog and

haze(p. 1).

This dataset aspaired to proximate sUAS telemetry data to identify instandesesUAS flights exceed
regulatory authority for operation in adverse weather or visibility conditions.

Department of Homeland Security (DHS) Homeland Infrastructure Foundatibevel Dda (HIFLD)
Established datasets in 2002 to improve geospatial information sharing and support. The HIFLD datasets
were designed to enable better data visualization and analysis of national infrastructure (DHBen.d.).
HIFLD database contains 496 individual GIS datasets, containing a wide variety of information across the
16 national critical infrastructure sectoisccess to specific datasets varies based on the sensitivity of the
data, user need, and security credentialBwne of these datasetereused to evalate the potential risk

posed bysUASaround critical infrastructure

Federal Aviation Administration Aeronautical Data Delivery Service

"The Aeronautical Data Delivery Service is an F&Aabled web service that makes data available in CSV,
JSON, KML, andShapefile formats to meet the needs of developers and other stakeholders" (FAA, 2018,
p. 1). The database contains 47 individual datasets containing a wide variety of aeronautical information,
including: National Defens&emporary Flight RestrictionTER) areas, aeronautical obstacles, stadiums,
airports, airspace boundaries, and related ddéments of these dataseisreused in supponnultiple

tasks related to data contextualization and risk assessment withiAge

Federal Aviation AdministrationGeospatial Data &JAS Facility Maps Datasets

"UAS Facility Maps show the maximum altitudes around airports where the FAA may authorize part 107
operations without additi@ml safety analysis" (FAA, 2021¢. 1). The vertical and lateral boundaries of

the established FAA UAS Facility Maps can inform operators about the viability of airspace authorization
requests or waivers for flights conducted within colted airspace areas (FAA, 2031dhese datasets

also contain Prohibited Areas, National Security UAS Flight Restrictions, and location inforrwation
Recreatioal Flyer Fixed Sites (FAA, 202)dThese datasetsareused in support dfAANC analysis and

risk assessment task$AS Facility Map data is available from the Federal Aviation Administration websi

for geographical informatiogystems:

Federal Aviation Administration GLARE Analysis Tool

The FAA useshe Geographic Low Altitude Risk Estimation (GLARG)S visualization tool to evaluate
SUAS risk and waiver application$he tool allows overlays of multiple layers of GIS data, including
airspace classes, recreational fixed flyer sites, annual airport operations counts, airpptielypms
locations, population densities, sUAS/aircraft registration densities, SUAS sighting locations, athletic fields,
and critical infrastructure location(EAA, 2022b).At least some of the data is deriviedm the DHS

HIFLD databaseAccess to this datasetasused to support the completion of multiple task.sets

Federal Aviation Administration SUAS Registration Database

Title 14 CFR 848 requires operators of SUAS to have a completed registration in the sSUAS Registration
Database and mark their SUAS with the provided registration nuiit#ek, n.d.b) Beginning on
September 162023,sUAS operatorsnustupdate their registration with the serial number of their SUAS
(for Standard Remote ID) or serial number of the Renidterbadcast module (for those with an attached
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Remote ID Broadcast Modulelhe research teamtilized registration informatiornto assess sUAS
population and forecasting

FAA Low Altitude Authorizationand Notification Capability(LAANC) UAS Data Exchange

FAA LAANC is a collaborative approach to managingaltitude airspace dat# is a critical capability

for furnishing sUAS operators with access to airspace near airports in controlled aif$patdS Data
Exchange(FAA, 2024d) which manages this process, integrates request and airspace authorization
information between UAS Service Suppliers and the FRAA, 2024d). The research teamsedthis data

to supportanalysis of LAANC authorizations and aid in contextualizing airspace hot spots

FAA UAS Sightings Report Database

The FAA UASsightings database is derived from reports of hazardous UAS activity provided by pilots,
law enforcement personnel, and others (FAA StZhis dataset includes the location, time, and narrative
description of UAS encounters and other suspect UAS actiMitig dataset was used to assess potential
risk areas in thBIAS, as well as evaluate if SUAS traffic density could be correlated to elevated risk metrics.

UAS Navy Astronomical Almanac

Locationspecific sunrise, sunset, and civil twilight times were derived from the U.S. Naval Observatory
data and accessed WyEphem, a Pythehasedsource code for celestial positions (Rhodes, 20Dk

dataset supported evaluation of SUAS operation times, to assess if operations were conducted during
daylight, civil twilight, or nighttime, in each respective sample location.

Internet Assigned Numbers Authoritl ANA)

Time Zone information was obtained using a pulllicnain zone database derived from IANA. The agency
provides global coordination for coding and technical standards for internet applications (IANA, 2020).
This dataset ensured standardization and translation of timing information.

Open Elevation

Open Elevation is gublicly available, free source of geographical elevation data provided by an
Application Programming Interface (API) (Lourenco, n.d.).ofters comparable data to the Google
Elevation API (Lourenco, n.d.Yhis dataset provided baseline elevation information for several analysis
elements.

Open Street Map

Open Street Mapis a communitybuilt, opensource geographical map of the world (OpenStreetMap
Foundation, 2021Maps are produced and validated using local knowledge, aerial imagerg|aval
Paositioning System@P9 devices (OpenStreetMap Foundation, 20Thjs database supported mapping
applications to visually contextualize geographic information.

2.3 Teamingand Organization

This projectwas supportedby collaboration withexperts from EmbrRiddle Aeronautical University,
Kansas State Universitgnd the Nationdhstitute for Aviation Researcdit Wichita State UniversityThe
team also includeseveralgraduate and Ph.D. students in supporting roles

2.4 Assumptions and Limitations
Theresearch team acknowledges the following assumptions and limitations apply to this project
1 Remote ID detection sensors only provide detection and tracking for SUAS platforms equipped
with either anoperableembedded or attached Remote ID beacon that meets specifications of
ASTM F341122, Standard Specifications for Remote ID and Trackih8TM International,
2022) Drones not equipped with Remote ID or beacons that do not meet the ASTM-E3411
standardverenot detected

10
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1 Remote ID detection sensaosly detectplatforms within electronic line of sighThe range of

Remote ID detection sensors can be affectedabipusfactors, includingensor elevatigrterrain,

obstructions, and antenna configuratidfhile the research team will coordinédedeploy multiple

Remote ID sensors in each sampling location, the team cestitogite the effective coverage area

or detection rangé\dditionally, signals used by Remote ID beacons, sudNidsi and Bluetooth,

are relatively weakand have limited penetration pow@&bstacles that interfere withe electronic

line of sight between the sUAS and Remote ID sensitrikely prevent detection

Platform or model identificatiorelieson accurate sUAS registration submitted to DroneZone

Some data values, such as Above Ground Level (AGL) altitudes are presumed, based on an

assumption that sUAS are launched at ground level. In other cases, these values may be derived

based on ellipsoidal height.

i The authors are unable to assess which operational ruleset sSUAS operations are being conducted
under: 14 CFR8107 (Commercial), 49 U.S.(844809 (Recreational / Hobbyist), 49 U.S.C.
840102(a)(41)and 840125 (Public Aircraft) or under @ertificate Of Authorizatio{COA). It is
alsoimpossibleto determine if an operator under 14 CER)7 is operating under the authority of
a waiver or airspace authorization.

1 While the study plans to collect data fromultiple sample locations, these areas may not
necessarilyepresenbperating areas across the natiGartain areas may be influenced by lurking
variables, which may include seasonality, weathtte operating restrictions, limited access to
airspace or flight areas, or other factors beyond the scope of theRaadiers should lmutious
beforegeneralizing these localized findings.

= =4

2.5 Addressing Data AssumptionsData Filtering, Cleaning, and Validation

One chaknge encountered when using Remote ID dathe potential for the device to miscount or
mischaracterize segments of SUAS flights in which it does not maintain continuous, uninterrupted tracking
Additionally, sUAS flying under conditions that would inhibit good detection ofRBmote IDbeacon

signal (such as those flying at the extent ofRremot e | D d e raage)tmayonly Isg@asnsath r 6 s
number of telemetry point&inally, Remote IDdetects SUAS activity updnitial activatiord evenif the

aerial vehicle is not in flightThis can result in somBemote IDdetections that do not present an aerial
hazard.

Data filtering, cleaning, and validation methods have been proposed to address the aforementioned
limitations and ensure the project uses the most valid. ddtase procedures are designed to be
implemented at the discretion of the research tédrns discretionenablessachsubject matter expetb

assess the data before and after corredtiiog potential validity threatdn some casesetaining spurious
detections, ground activity, or incomplete data (such as when performing SUAS population cayris) m
important In other casesnsuring higher data accuracy and validity is more important

2511DataTr eat ment Prior to Loading into URSAG6s Airsg
Prior to loading data intthe URSA Airspace Awareness Platfofon analysis, the URSA team performed
several preliminary procedures designed to ensure data validity:

9 Eliminate dataluplication from overlapping Remote ID sensors, as appropriate

1 Ensure data aligns to appropriate standards for datum and formatting requirements

The research team will employ one or more methods to céteznbte |Ddata validity issues, including:
Removing data points witinvalid latitude or longitude values

Removing data points with null latitude/longitude or Remote ID Serial Number values
Removing single data point flight detections from analyzed Remote ID data

Removing sUAS ground activity or tracks that do not become airborne

= = =8 =9
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3 METHODOLOGY AND RESEARCH TASKS

This section provides a breakdown of the research tasks planned to dldgresearch questions for the
project. The following research taskereperformed:

Task A: Analysis Tool Adaptation

Task B: Current State of SUAS Traffic within the National Airspace System

Task C: Compliance and Exceedances of 14 CFR 107 Operational Limitations

Task D:Near Aerodrome sUAS Operations and Encounter Risks with Manned Air Traffic
Task E: Forecasting Industry GrowahdPotential Advanced Air Mobility Implications

Task F: Communicating Findings

=4 =4 =8 -8 -8 A

3.1 Task A: Analysis Tool Adaptation

The primary objectives of this task inclu@gelaptingthe capabilities ofURSASs existing Airspace
Awareness @alytics platform to store, format, integrate, database, process, analyze, display, and filter the
Remote IDdatasetsWhile this platform has been used in previous UAS detection studies, analytics
methods must be adapted to Remote ID data, which has slightly different formatting and structure than prior
datasets

3.1.1 Analysis ToolAdaptation

Due to the extent dRemote IDdata generated from the proposed locations across the U.8npbissible

to analyze detection data using conventional tabular means, sMibrasoft Excel or related software
Microsoft Excel for examplejs limited to datasets with fewer than 1,048,576 roiuse collection site

near Dallag~ort Worth International Airport generated over 3.8 million detection records across nearly
three year®f data Cloud-based computingvasrequired to store, process, and analyzefiliescopeof
dataproduced

URSA'sAirspace Awarenesanalytics platfornwas selected to store, format, integrate, database, process,
analyze, display, and filter the various datasets to streamline the analysis processekwalch teariihe
Analysis Tool Adaptationprocesswas led by David Kovar and the URSA team, whioecied the
progranming, integration, and adaptationR&mote D data and previously developadalysis processes
into the Airspace Awarenegdatform URSAwas providedvith specific technical requirements to support
the objectives and deliverablestlined in the research task plan

In parallel, thePrincipal InvestigatorKl) wasresponsike for securing data access to the aforementioned
Remote IDdataand ancillary GIS data used in the project. Thec®rdinateddata access/licensing
agreements, negotiat@ricing, and completkall necessary purchase processes in accordance with grant
requirements and established procurement procedDneg data sourcegeresecured, the Rransferred

data access to URSA for integration into fiespace Awarenesanalytics tool.

3.2 Task B: Current State of sSUAS Traffic within the National Airspace System

This taskpresentslescriptive analysis of SUAS traffic trends from sample.dEte research teanmsed
Remote D detection data to quantifigey operational trendsDue to airport access issues and limited
Remote IDsensor resources, convenience sampling was used throughout theRstadgrs should be
cautious about making broad population generalizations or inferences from the collect&higiang

was carried out from November 2023 througbvember 2024The team deployed sevdétemote ID
sensors at Ve locations throughout the U.S., including: 1) Indianapolis, IN (2 sensors); 2) Daytona Beach,
FL (1 sensor); 3) Fishers, IN (2 sensors); 4) Columbus, IN (1 seasal}) Terre Haute, IN (1 sensor)
More precise sensor locatialatawas available to the research teamdnalysis butannot be reported
publicly due to security and privacy reasons

12
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3.2.1 Remote Identification Detection

This assessmenexamined the distribution of SUAS detections obtained from deployed Remote
Identification sensors to assess the normal detection range. Understanding IRedebéetion range can
improve future deployment and monitoring performance of Remote Identification sensors.

One of the key limitations of Remote Identification is its limited detection range. Remote ID signals
generally utilize either WFi or Bluetooth. This was a welhown limitation of using these signsgts and

was identified by several commenters in Remote IDNotice of Proposed RulemakiftyPRM) public

comment process (Remote Identification of Unmanned Aircraft, 2021). The FAA acknowledged these

' imitations, stating, AThe FAA notes that the br o:
a finite | imit based on signal strength T imitatdi
Unmanned Aircraft, 2021, p. 442Fjigure3 shows the cumulative distribution of detectiongas of all

Remote IDsignals detected during the project, with their respective detection range from the Batesor.

shows that approximately 11.5% of &Bemote IDdata was recorded within rhile; 14.9% from .12

miles; 11.4% from .23 miles; 8.7% from 34 miles; and 6.5% from =4 miles. Cumulatively, twhirds

of all Remote IDmessages were received within 1 mile of the receiver. Reception drops off precipitously
thereafter, with each additional mile accounting for an approximately 5% ratio of the datah&o09.5%

of the data was recorded at distances of less than 10 miles.
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Figure3. Cumulative Sensor Detections by Range (SM).

The researclheam concludedhat Remote IDtransmissions may be ineffective at extended ranges. The
research teamotedthat these findings are based on captured,wedd datausing proprietary Remote ID
detection systems outfitted with dfie-shelf, omnidirectional antenna arrayblo testing was performed

to assesRemote IDsensor performance or evaluate whether a known UAS operating at a known distance
could be detected. The research team further acknowledgeReimatte IDdetection was carried out in

field conditions, and signal receptioray be subject to other influencing factors, such as line of sight issues
(terrain, obstructions), signal interference/noise, and related factors not assessed in this research project.

The research team cautions that interpretation of these findings should be taken with some context:

13
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1 Remote ID technology is still in its infancy, with opportunities for technical capability evolution
for both transmission and receiver technology.

1 Remote ID technology has limitations that in many cases are comparable to other forms of UAS
detection. For example, radar technology also has significant range limitations in detecting UAS,
primarily due to their small size (and accompanying radar cexgfon), low altitude, and slow
speed. It is important to note thak UAS detection technologies have one or more limitations that
curtails their effectiveness.

9 There are currently no performance requirements for Remote ID that apply to transmission range
or power outputinder 14 CFR 889. The research team anecdotally noted that there are fairly wide
variances in OEM implementation of Remote, lBhich may impact the ability of UAS to be
detected by any radio frequency systéhreliminary observation of Remote ID implementation
suggests there are technical avenues for enhancing performance, such as enhancing transmission
power output, t hat dgeeetadFCQ@ framdwerk fér Re&dte IDi nt ent an

1 Theresearch team is not aware of any formal assessmeatsdits of Remote ID capability or
performance to determine performance gaps and identify potential areas for technical improvement.

It is anticipated that further analysisRémote IDeffectiveness will be included in the follewn ASSURE
A83, Drone Traffic Analysis study.

3.2.2 Current Traffic Attributes
Thisassessment aimeditientify and codifykey attributes of SUAS traffitrends based on data collected
from the RemotéD sampling locations.

The research team assessed operations using two separatednmetnidser of platforms and flight3he
number of platforms represents tistinct SUAS Remote ID serial numbers detected for easthic The

second metric used was flightsometimesalled sorties) which traditionally represents operatidnem

takeoff to landing.Unlike some other UAS detection technology, Remote Identification does not
differentiate between individual UAS flight§o determine normalized sortie duration, the research team
referenced UAS operator surveys conducted in support of Hre@0Aerospace Forecastccordingto

the UAS operator survey published in the FAA (20220242044 Aerospace Forecast, recreational
operators reported a mean flight duration of 14 minutes and median flight duration of 10 minutes: and non
recreational operators reported average flight times betwe@0 2finutes, with median flight times of
approximately 20 minuteswhen determining a sortie counting strategy, the research team sought to
minimize duplicate counting of similar operatioii® address this issue, the research team deternhiaed t
flight detectionsoccurringat least 20 minuteapart werecounted as separate operational sar{léss
accounts for short operational interruptions in detection, such as an operator landing to change a battery,
without artificially inflating the operations counts.

The research team assessed recurring activity in calendar month intervals, with the number of individual
platforms counted independently, each mda#eFigure4). During the sampling period, the research team
detected 3,216 separate platforms, which conducted more than 6,311 separatel figltgsmulative
number of platforms at all sample locations varied from a low of 24 platforms in December 2023 to a high
of 436 in August 2024Similarly, the number of flights varied from a low of 24 in December 2023 to a
peak 0f961 in May 2024While several additional factors impacted these values for individual sampling,
such as initial sensor deployment, sensor uptime, and related factors, thbhateda seasonality effect,

with moreplatform flights and operations taking place during the summethso
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Alliance for System Safety of UAS through Research Excellence

1200
1000
& 800
c
g
= 600
N
L 400
[ad N I I |
0 -—— — Il l I I
Nov  Dec Jan Feb  Mar Apr  May  Jun Jul Aug Sep  Oct Nov

Unique IDs (Platforms) and Flights by Month

m Unique IDs m Flights
Figure4. sUAS Unique IDs (Platforms) vs. Flights.

Acrossthe sampling period, the platforms performed a mean of 1.96 flights per platform, per Trwonth
evaluate the variance of flights over time, the research tearasseessethe ratio of flights conducted each

month relative to the number of detected platforiRetios varied from a low of 1.0 in December 2023 to a
maximum of 3.1 in February 2024 (d&igure5). Generally, ratios increased by nearly 0.5 flights per month

in the summer monthesnd diminished slightly into the colder winter months. Based on the ratio of flight
operations relative to the number of platforms, the research team believes the preponderance of detected
flights likely representsecreational operationhese values aligwith the recreational median flight
frequency values collected in the FAA (2@RWAS operator survey
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Figure5. Running Flights/Platforms Ratio by Calendar Month.

A detailed breakdown of platform detections by location is presentEajime 6. To illustrate platform
occurrence trends and more accurately represetial activity, the chart adjusted the counting
methodology to identify only the initial occurrence of platform serial numbers, removing subsequent
monthly counts and avoiding duplicative countigis accounts for the reduction in platform sampling
There was generally wide variability of platform detections each month
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Alliance for System Safety of UAS through Research Excellence
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Figure6. Platform Trends by Location, Initial Occurrer{ce1,488, Nov 2023Nov 2024)

The research team evaluated publicly available UAS registration data to provide further context to platform
data The teamassesse®Remote IDsensor locations and determined proximatecrige and correlated
registration dataResults are presentedTable3, with amplifying data and descriptive statistics.

Table3. Sampling Locationd)etection Datdescriptive StatisticandUAS Registration Data.

Sample

Sensor Name Days Min Max m M SD Platforms  Flts Zip  §44809 8107
Columbus, IN 211 0 11 301 1 2.13 148 636 47203 49 14
Daytona Beach, FL 195 0 13 172 1 1.95 145 335 32114 50 788
Fishers, IN #1 (South) 394 0 18 380 3 3.79 467 1499 46038 76 71
Fishers, IN #2 (North) 316 0 50 196 0 4.45 212 618 46202 21 135
Indianapolis, IN #1

(South) 296 0 25 195 1 2.55 262 578 46204 13 85
Indianapolis, IN #2

(North) 367 0 27 369 3 412 504 1356 46204 13 85
TerreHaute, IN 356 0 13 106 1 1.46 120 376 47803 0 15

Data fromTable3 was synthesized and presented graphicallyiguire 7 for ease of comparisofexcept
Fishers, IN and Columbus, IN, 14 CFR 8107 registrations vastly outnumbered recreational (49 USC
844809) registrations in the zipdeareas corresponding to the sensor locatidhis was particularly true

at the Daytona Beach, FL, locatiorhe research team believes that values for Daytona Beach are likely
not representative, as they likely reflect a large concentration of remotegvilificated students attending
Embry-Riddle Aeronautical University, who may not be actively flying sUA8Bcal campus flight
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restrictions may also influence thiBhere appears to be a much higher ratio of platforms and flights to
registrants in the Terre Haute sampling arBais is likely to reflect individuals flying outside their
registration areal he research team did not have an accurate means of assessing this effect in greater detail
Another notable observation was that the ratio of flights appears to increase with the proportion of 844809
registrants (see data spikes in Columbus and Fishers #1), however, this arsevaatnot consistent in

the Indianapolis #2 and Terre Haute sampling areas
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Figure7. Comparison of Platforms, Fligh@ndRegistrations by Sensor Location.

The research team also analyzed platform, flight, and registration data against location population data,
acquired by zip codbulationarea from reported P1 valuggetal populationjof the U.S. Census (2020)
(seeFigure8). The research team performed a correlation analysis across ngtipset factor® explore

possible relationshipfResults are presented Trable 4. Generally, correlations showed relatively weak
relationships across most variables, except for recreational (844809) registrations, which showed a strong
correlation ¢ = .85) to P1 populationThis seems to indicate that recreational flyers may be more
representative of the overall populatiblowever, this study's low sample sieguires further confirmation

of this observation in more extensivandcomprehensive evaluation
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Figure8. Comparisons of Platforms, FlightsydRegistrations by Location to Census Population (P1).

Table4. Correlation of Platforms, FlightandRegistrations by Location to Census Population (P1).

Factor Correlation (r)
PlatformsP1 -0.08
FlightsP1 0.11
844809P1 0.85
8107-P1 0.36
Total Registration$1 0.43

A detailedbreakdown of flight activity by sensor location is presenteBigure 9. The seasonakffect
seems more readily apparent in this datasith elevated activity in the summer and diminished activity
in the winter months
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Figure9. Flight Trends by Locatiom=5,171, Nov 2023ov 2024)

The research team analyzed UAS activity by individual sample day to assess activity trefiggi(e&6).
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Figure10. Daily SUAS Flight Frequency Trends by Location.

A boxplot of daily flights at each sampling location is provide&igurell.
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Figurell Boxplot of Daily Flights by Sample Location

Note Five outliers truncated above 20 to improve data display and interprefetiermax daily outlier
value was =50 for Sensor #5 (Fishers #Bresentation order and locations correspond to list in Table 3.

Standard deviation of daily flight detection values varied between 1.46 (Terre Haute) to a high of 4.45
(Fishers #2)The research team calculated high frequency flight days across all sampling lo&xdiess

with the highest flight frequencies are presentebable5.

Table5. High Frequency Flight Dates by Sampling Location.

Date Max Sensor Notes

5/26/24 50 Fishers #2 SU; Memorial Day Weekend
2/17/24 32 Indianapolis #2  SA, President's Day Weekenc
5/24/24 30 Fishers #2 FR proceedingviemorial Day
5/25/24 30 Fishers #2 SA; Memorial Day Weekend
4/8/24 25 Indianapolis #2 MO

2/18/24 23 Indianapolis #2  SU; President's Day Weekenc
11/2/24 21 Indianapolis #1 SA

11/1/24 20 Indianapolis #1 FR

5/29/24 18 Fishers #2 WE

8/30/24 17 Fishers #1 FR

714124 16 Fishers #1 TH; Independence Day
9/7/24 16 Fishers #1 SA

11/3/24 16 Indianapolis #2 SuU

2/16/24 15 Indianapolis #1 FR

8/23/24 15 Fishers #1 FR

10/19/24 15 Indianapolis #2 SA

11/15/24 15 Fishers #1 FR

5/11/24 14 Fishers #1 SA; Mother's Day Weekend
8/14/24 14 Fishers #1 WE

Note Weekdaysare coded using the first two letters in tiaes column.
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Assessment of higfrequency flight datesndicatedelevated flight activity occurring during holiday
weekends and some nboliday weekends. The researchers acknowlgtige there may be local factors
influencing highactivity flight dates thatvere not evaluatedrhe research team recommeddhatthe

FAA consider adding questions related to holiday flying activity to the annual SUAS Activity Survey.

Moreover, the distribution of detected platfodmas determined from correlatingemote 1D serial
numbers wittRemote IDdeclaration of compliance numbers (FAA, 0)d. more closely represents a large
proportion of plat

forms used for recreational rather than-meareationa{commercialpurposesThe research teainferred

that the majority of flights conducted during holiday periods is carried out by recreational/hobbyist
operators.

3.2.3 sUAS Manufacturers, Modelsand Trends

The purpose of this evaluation was to assess the distribution of SUAS models currently being flown within
the NAS. Understandingodeldistribution can inform upon the platform weight, equipage, capabilities,
and potential air and ground risk.

During the study, the research team detected a to3bd4 platformsthat contained a remot® serial
number Of these,2,192platforms(n = 86.8%) could be correlated to an FAA Remote ID Declaration of
Compliance, which was used to determine SUAS manufacturer and.mbdeksearch team detectt
separate SUAS modéiom tenmanufacturers (seEable6).

DJI platforms accounted f&6.3% ofall detected models, indicating brand dominardgs was followed

by unknown modelsrepresenting 3.2% of the datasefhe research team beliewasstunknown models
represent broadcast modul es, as these serial numli
Declaration of Compliance database (FAA, ¢).dlhedata suggestominance of DJI platforms within the

U.S. market appears to contineencrease.

Table6. Detected sUAS Types by Manufacturer.

Manufacturer Frequency Proportion

Anzu 1 0.0%
Autel 3 0.1%
BRINC 1 0.0%
DJI 2,178 86.3%
DroneBeacon 1 0.0%
Holy Stone 3 0.1%
Ruko 2 0.1%
Skydio 1 0.0%
Spektrum 1 0.0%
Wingtra 1 0.0%
Unknown 332 13.2%
TOTAL 2,524 100.0%

Figure12 shows the distribution of all detected SUAS models. The most dominant platforms (excluding
broadcast modules) were the DJI Mini 4 Pro (22.4%), DJI Air 3 (1)1.B% Air 2S (9.6%)DJI Mavic 3
(7.2%), and DJI Mini 3 Pro (5.4%Mll other individual platforms made up 5% or less of the detected
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datasetAn analysis of platforms by weight will be presented in a subsequent section of the Teport
enabled improved comparison of detected platforms, a chart of basic specifications is provatgd 6

Mavic 3 Cine
1%

Mavic Air 2 (MA2UE3W) M350 RTK
/ 1% 0%

Mavic 2 Zoom

0% Phan(om 4 Prov2.0
’

Wavic 2 Enterprise
Advanced
0%

OthEr Mavic 3 Pro Cine || EVO Max
0% 0%

WingtraOne Gen 11

Mini 4 Pro 0%
24%

Figurel2. sUAS Models Detected.
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Drone Model Release Date (Mo/Y M Availableﬂ Weight (gﬂ Price ($ﬂ Endurance (minkdl Max Speed (mpHid
Agras (T50) April-24 No 5,200 N/A N/A N/A
Air 3 June-23 Yes 720 $1,099.00 46 46.9
Avata August-22 Yes 410 $499.00 18 60.3
Avata 2 April-24 Yes 377 $489.00 23 60.3
EVO Il January-20 Yes 1150 $4,799.00 40 45
Evo Max 4T January-23 Yes 1645 $8,999.00 42 51.4
F11 GIM2 N/A Yes 560 $480.00 28 22.3
F11 Pro October-19 Yes 520 $379.00 30 19
HS 600 November-21 Yes 541 $459.00 28 N/A
FPV March-21 No 795 $699.00 20 87
Inspire 3 April-23 Yes 3,995 $16,499.00 28 58.4
Lemur 2 March-23 No 1,496 N/A 20 48
M300 RTK May-20 Yes 6,300 $15,497.00 55 51.4
M30T March-24 Yes 3,780 $10,881.00 41 51.4
M350 RTK May-23 Yes 6,470 $13,403.00 55 51.4
M3M November-22 No 951 $4,618.00 43 46.9
M3T September-22 Yes 920 $5,899.00 45 46.9
Mavic 2 Enterprise Advanced December-20 Yes 909 $6,500.00 31 44.7
Mavic 2 Pro August-18 Yes 907 $1,799.00 31 44.7
Mavic 2 Zoom August-18 Yes 905 $1,349.00 31 44.7
Mavic 3 November-21 Yes 895 $2,049.00 46 46.9
Mavic 3 Cine November-21 Yes 899 $4,999.00 46 46.9
Mavic 3 Classic November-22 Yes 895 $1,179.00 40 46.9
Mavic 3 Pro Cine April-23 Yes 963 $4,799.00 43 46.9
Mavic Air 2 April-20 Yes 570 $559.00 34 42.5
Mavic Air 2S April-21 Yes 595 $999.00 31 42.5
Mavic Mini October-19 Yes 249 $299.00 30 29.1
Mini 3 December-22 Yes 248 $339.00 51 35.7
Mini 3 Pro May-22 Yes 290 $669.00 47 35.7
Mini 4 Pro September-23 Yes 249 $759.00 45 35.7
Phantom 4 Pro V.2 May-18 Yes 1375 $1,999.00 30 45
Raptor T April-24 Yes 920 $8,099.00 45 46.9
Skydio X10 September-23 No 2,140 N/A 40 45
W ingtraOne Gen 2 August-21 No 399172 N/A 59 35.8

The research team evaluated UAS models detected over timmntily intervalsResults are presented in
Figurel3. Seasonality effects likely account for the substantial rise in operations over the summer months
and accompanying diminishment towards the winter mor@msinitial evaluation, model distribution
appears reasonably stable, with no significant industry disruption
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Figure13. Distribution of Models by Monthly Activityr=3,235)

To better understand model utilization and accompanying operations trends, the reseaestatganh

model use proportionally to evaluate model distribution changes oveRisalts are presentedkigure

14. At the onset of the sampling period, the DJI Mini 4 Pro represented nearly 30% of monthly platforms,
diminishingover the next 12 months to less than 20% of monthly actiiyt h t he Mi ni 4 Pr
release in September 2023 (retail $1,099), this trend makes sense, as the sampling timeframe likely just
missed the ramp up in utilization from this newly released platfisfeanwhile, the DJI Air Jreleased in

October 2024; $1,099 retail cost)d DJI M3T(released September 2022; $5,498 retail dwstpsteadily
gainedmonthly usage, approaching nearly 15% of monthly platform actiityivity from unknown
platforms also increased over the previous year, rising from less than 10% of platfaimesti5% The

research team believes this increase is primarily due to increased Remote ID codptiascdikely
broadcast modules for older platformveanwhile, several platforms have also been dropping in monthly
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activity, such as the older 2021 DJI Air 2S model (retail price $89% DJI M3E has also been slowly
falling in utilization (released in September 2022; retail cost $3,788) to just ovare2semainder ahe
platforms detectetepresent less than 5% of monthly activity.

It is difficult to say athis point if monthly Remote Ibmplementation or equipades reached saturation,
however, heavy variability in the data leads the research team to suspettgHaely not the case
Moreover, the research team further believespladtorm distribution and DJI's continued dominaraey

be overrepresented within the dataset due to early Standard Remote ID adoption, integration, and
manufacturing
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Figurel4. Proportional Distribution of Monthly sUAS Activity by Model.
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The research team consolidated Figure 14model data to reflect the frequency of drgtetformuse by
individual manufacturerfResults are presented kigure 15. Perhaps not surprisingly, DJI comes out on
top, leading operational utilization by several orders of magnitude, compared to its competitors.
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Figurel5. Manufacturer Activity by Month.

Although DJI continues to dominate, based on utilization metrics, a proportional analysis of monthly
utilization by manufacturer, shows a slow, but measurable declination in DJI use, dropping from a peak
monthly utilization rate of 93.9% in January 2028%6% by the end of 2034eeFigure 16). While no

single manufacturer is seen as the clear beneficiary, it seem®lleatively non-DJI manufacturers may

be showing |Iimited success in slowly and steadily
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Figurel6. Proportional Distribution of Monthly Activity biylanufacturer
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3.2.4 Temporal Traffic Activity
The purpose of this assessment was to evaluate SUAS operations based on various temporal factors,
including time of day anday ofweek to identify disproportionate operational patterns.

Most detected sUAS platforms were only operated during a single calendar (nont80.0%) The
research team assesseonthly activity distributiorby platformRemote IDserial number from among the
1,406 platforms in the dataset

The research team assessed flight activity using various temporal neetricderstand bettevhen SUAS
operationccurred The research team first assessedkday flight activityto determine if SUAS
operations were evenly distribute&@ampling included 56 Mondays, Tuesdays, and Sundays; and, 57
Wednesdays, Thursdays, Fridays, and SaturdRas.valuesre presented iRigurel7. Figurel18 plots
average values, based on the number of weekdaach calendar month.

Table 8 showsthe total number of historical weekdaggery month A boxplot of cumulative average
values is presented Figure19.
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Figurel8. Average Monthly sUAS Flight Activity by Day of Week (Corrected for Maeekdays).

Table8. Number of Monthly Weekdays During Sampling Period.
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Figure19. Boxplot of Average Monthly sUAS Flight Activity by Weekday.

Results show thahoresUAS operations were carried out on Thursdays and Saturdays. This data partially
reflects prior studies, which showed elevated actimityveekends. The research team believes that higher
levels of weekend activity generally indicagereational activity. It was unclear why activity was elevated

on Thursdays

A similar analysis was carried out to assess the day of month. Results are presEigect20. There

appear to be some data spikes in the early portion of the month, althaghmaybe influenced by
specific months (such as elevated April 8 activity). Since not all months have an equivalent number of days,
there is an anticipated drop at 31.
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Figure20. sUAS Flight Activity by Day of Month.

The research team further analyzed the local time of operatiahsorrected for local time. Cumulative
findings are presented Figure21. Results reflect prior studies indicating that the preponderance of SUAS
flight activity occurs during daylight hourall sampling locations were in the Eastern Time Zone. Flight
operations tended to increase in the morning, generally peaked middalimamdhedinto the evening

hours of darkness. While there were some operations at nighttime, thesgypicaty few in number.

Higher proportions of early morning activity were observed to be carried out during the summertime months
(seeFigure22).
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Figure21. sUAS Flight Activity by Hour of Day (Cumulative).
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The research team assessed flight times to determine the distribution of flight durations. Results are
presented ifFigure 23. The research team assessed the dataset, filtering flights that did not contain time
information. The final analysis sampled a total of 4,351 flight$east 38.3%1{ = 1,666) of flightdasted

less than 5 minutesgpresenting the dataset's largest segniNedrly 90% of flights recorded durations of

less than 35 minutes. Flight durations betweeh Hours represented 2.6% of the dataset, with flight
durationsover2 hours comprising nearly half that numbet.2%
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Figure23. Flight Duration Frequencyn( 4,351).

To better understand the flight duration variability, the research team assessedufiiginns based on
individual sUASmodelsto see if the data was consistésgeFigure24). The research team suspected that
flight duration may be heavily influenced by the type of mission or activity perforfimettiustrate, there

is a clear difference in the flight duration between theNhidi 3, Mini 3 Pro, and Mini 4 Pro platfornds

all of which show relatively short flight durations vs. the Mavic 3 Enterprise (M3E), Mavic 3 Enterprise
Thermal (M3T). The DJI Mini 3, Mini 3 Pro, and Mini 4 platforms are all lightweight (less than 250g)
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platforms generally popular among hobbyists, whereas the M3E and M3T pl&tfprinsarily due to their
cosb are almost exclusively acquired for commercial purposes. The research team cautions interpretation
of model flight durations for platforms with lovasipling
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Figure24. Flight Duration by Modeln=4,351).

To provide further context, the research team compared flight durations agai@stdinal Equipment
ManufactureOEM) reported max flight durations (segure25). This assessment provides a relativistic
comparison of theise distribution relative to the battery life ratigpended for each flight. One can also
considerthis as the proportionality of utilization relative to the battery life, enaldingpre consistent
comparison between platforms of variable battery capaLtiity.research teafarther notes that duration

factors exceeding 1.0 likely suggest that one or more battery swaps had been performed during the
respective flights
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Similarly to flight duration, the research team assessed each distribution by platform type, as well (see
Figure26). The EVO Il and some flights of the Inspire 3, Phantom 4, and Raptor T platforms had a higher
distribution of suspected battery swapslatforms exceeding the OEM max flight duration ratid..O. It

is initially unclear why these particular platforms showed higher duration factors, as the reseacclukéam
notdetermine a platform or operational commonality that would explain this finding.
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The research team assessed the operational ranges and altitudes at which sUAS were operated relative to
the operator. A scatterplot of findings is presentdeignire27, with lateral range limited to 1.0 NNbome

initial findings areevidentin thescatterplotFirst, it is readily apparent that most fligits=77.5%)do not

generally exceed 400 fegbove grounddvel AGL), based on FAA operational rules [14 CFR §107.51(b)

and49 USC § 44809(a)(6)]. Additionally, it is observed tfights operating above 400 feet AGlo not

exceed 1,640 ft (approx. 500mg default maximuraltitude threshold set by DJdh their DJI Go4
Application The authors note that software exists onlineita off altitude protections established by the
manufacturer (Dronélacks Wiki, n.d.) Further,the following paragraphs present a detailed analysis of
altitude and distance findings
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Figure27. Scatterplot of Max Altitud€¢AGL) of SUAS FlightsandDistance(NM) from Operator.

The research team first assessed the distribution of maximum flight distances flown during ea@edight
Figure28). On average, operators flew to a maximum lateral distance of 1,482 feet (less than .25 NM), with
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a median of 619 feet (about .10 NM). While some flights occurred at much further ranges, they represented
a tiny proportion of the dataseGenerally, about 49.6% of flights recorded maximum flight distances of
less than .1 NMr(= 2,992); 18.4% recorded max distances betwean2 NM (n = 1,113); and 10.8% of

flights recorded max distances betwdeP<0.3 NM (n=652). Only 3.0% of flights(= 180) recorded
maximum flight distancesver1.0 NM.
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Figure28. Distribution of Max Lateral Distance by Flight=6,037).

The research teafurtherassessed instantaneous operator distance from the aerial yeda€ligure29).

This assessment shows a cumulative distribution ®ehote IDmessages, based on their instantaneous
distance from the operatd/hereas the previous grapsitisplayed the maximum range and altityoee
flight, this analysis evaluated the range distributioearfh momerndf all operational flightsThis approach
provides a better contextual understanding of the extent of time spent at various ranges, rather than just the
maximum rangeThis assessment is basedtbe distances at which sUAS are most commonly flown
relative to the operatoMost Remote IDmessagesy(= 44.9%) indicated sSUAS were flown witnl NM

of the operator. A smaller proportion gierations occurredetweerD.1-0.2 NM (n = 15.1%);and24.1%

of operations occurred frof.2 to 0.3 NM. Cumulatively, only 16.0% of flight operations occurred at
distance®ver.3 NM from the operator, based on collecRemote IDdata. Only .4% of SUAS operations
occurred at distancewer1.0 NM.
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Figure29. Instantaneous Operator Distance (NKI>4,895,512).

The research team also assessed instantaneous altitude of SUAS flightgus=®0). The advantage of
evaluating instantaneous altitude rather than maximum altitude on-fighemasis is that the result
provides a more effective means of assessing cumulative exposure. The preponderance of altitude
utilization occurred at 400 feet AGLwith about half as much utilization at 350 feet or Iédstude use

between 400 ft anB00 ft AGL represented apoximately 3.9% of the dataset, willhght above 500 ft

AGL representingd.9%. This suggests that SUAS operations may present an elevated risk to manned
aircraft, by operating at altitudes typically used by marmeationapproximately 10% of the time
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Figure30. Instantaneous Altitude Utilizatiom & 4,255,512).

To further assess altitude utilization by SUAS, the research team also evaluated the maximum altitude use
of sSUAS by individual flight operatiofseeFigure31). A total of 6,037 sUAS flights contained altitude
information and were included in the analysike the instantaneous altitude analysis, the preponderance

of maximum flight altitudes occurred at the 400 ft AGL lewst. least 573 f = 9.4%) flights were
conducted at altitudes between 48D ft AGL. At least 781 flightsr{ = 12.9%) wergperformedat 500 ft
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or above altitudesWhen taken in context with the instantaneous altitude data, it appears that a slightly
more significantproportion of flights have operated at altitudes exceeding 400 feet AGL, however, the
proportion of time or exposure at these altitudgsainsrelatively low.
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Figure31. Distribution of Max Flight Altitude by Flightn(= 6,037).

The research team further assessed these flights to detemhatber specific SUAS models were
disproportionately operated at higher altitudes. Results are presefigdie32. A total of 6,037 sUAS

flights containedaltitude and serial number information, enabling the reseamh te derive model
identity. Threeplatforms showed disproportionately higloeralluse at altitudes of 500 ft and above: the
Mavic 2 Pro, Mini 3 Pro, and Mavic 3. Similarly, some platforms such as the Mavic 3 (Thermal) (M3T)
and Mavic 3 Enterprise (M3E) showed disproportionately lower use at altitudes of 500 feet and above.
These platforms arpresumed that th&13T and M3E platforms tend to represent commercial flight
operations, primarily due to their unique sensor capabilities and higher acquisition cost. These trends
suwggest that flightd above 500 ft AGL are more likely to represent recreatitiveal commercial operations.

The researckeamacknowledges that it isnpossibleto confirm this finding definitively since there is no

valid methodology currently available for determinisyAS operational purpose fromeRwote ID
information.
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Flight Frequency by sUAS Model (n=6037)
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Figure32. Flight Frequency by sUAS Modet € 6,037).

3.2.4.1 Operations Near Structures

The purpose of this assessment was to examine the extent of SUAS operations carried out near known
structures as well as evaluate the maximum altit
height.

The research teagampled instances of SUAS operations carried out near structures in the Fishers, Indiana

sampling location. A total of 88 occurrences of flight near structures were identified. A plot of the findings
is presented ifrigure33.
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Of the sUAS flown ima 400foot lateralproximity to structuresnone of the sampled flights exceeded

altitude of more than 460 e e t
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3.2.5 Traffic Activity by Location

The purpose of this assessment was to codify and evaluate SUAS operatismsdntextof various
airspace, locations, and related information. Case studies of potential hazards or unique operational
behaviorsor trendswere identifiedand assessed accordingly.

3.2.5.1 Terre Haute (HUF)

Terre Haute Regiondirport (HUF) is locatedwithin Class D airspace extendingto 3,100 feet with a
Surface Class E extension to the northéseseFigure 35). The airfield issituated neatwo additional
general aviation airfields to the northwest and east. Additionally, an Aerobatic Practice Area is located just
southeast of the airfieldAccording to FAA (.d.g9, Terre Haute Regional Airport supported 68,334
operations in 2024.

In 2023,the city of Terre Hauteeporteda population of 8,502andis known for its histoy, culture, and
higher educational institutions. The city isn® to Indiana State UniversifgoseHulman Institute of
Technologyand Ivy Tech Community College of Indiana. The area is also holhé&tdPenitentiary Terre
Haute, located approximately 5 miles westithwest of the airfield
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Figure35. Terre Haute eg'ional Airport (HUBNdSurrounding Airspace

Concentrated sUAS activity was noted approximately 2,500 feet southwest of the Runway 5 threshold near
an industrial material storage si®eeFigure 36). The research team believes this activity represents
volumetric analysis of materiall&ke sand or aggregate. Additidnaht activity was noted in ahopping

center parking lot to the north, which likely represents recreational activity. The sithréficant
concentration of SUAS activity is overheada construction site for a local casino and resort project. In

this case, sUASuill likely be used for construction monitoring or surveying purposes
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Figure36. SUAS Activity in Proximity to HUF Airfield Runway 5.

3.2.5.2 Daytona Beach (DAB)

Daytona Beach Airport lies in Class C airspace, extending up to 4,000 feet, within the core, with a shelf at
1,200 feet AGL (se€igure37). As of 2023, Daytona Beach has a reported population of 82,485. The area

is a popular tourist destination for its beaches and speedway, home to the iconic Daytona 500 annual race.
The airport is also home to EmbRiddle Aeronautical University, one of th@gest aviation training
universities in the worldAccording tothe FAA (n.d.3, the airport supported 304,160 operations in 2024
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Flgure37 Daytona Beach Internatlonal AirpdbDAB) andSurroundlng Airspace.

The Daytona BeaclkL, area noted several distinct, ongoing operatiéist, a SUAS was routinely used

for surveying construction of a local Amazon distribution facility immediately south of the airfield (see
Figure38). This activity was likely conducted under either a waiver or airspace authorization, and a Notice
to Airmen (NOTAM) was filed. Flight operations appeanedll-confined within a trapezoidal area, likely
defined by thé=AA airspace authorization. While some activity appears to be aligned within the approach
path of the southern easest running runway, the operation appears well offset from causing any potential
traffic interferencaunless aircraft approach pathing is well bekiandard.
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Figure38. sUAS Operations Adjacent to DAB Airfield (Amazon Fulfillment Center Construction

Surveying).

The second area of elevated sSUAS activys identified neaEmbry-Riddle Aeronautical University
locatedon the east side of the airfield (sEigure 39). Activity was generally concentrated within the
athletic fields along the periphery of the university property, and near several centralized structures inside
the university proper. While some activity also appears overhead the roadway bisecting the campus, these
opemtions appear limitedt is noted that the university maintains several F&guedwaiversand airspace
authorizations permitting operations in areas adjacent to the airfield. Additional amtilatyal high school

property is reported north of the university (adjacent to the northern baseball Aighdh, operations

appear welconfined, and welkeparated from nearby approach paths.
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Figure39. CollegiateandSecondary EducaticendTraining SUAS Traffic East of DAB Airfield.

Of more significantconcern was activity identified north of the high school near heliport 29FL, a local
medical centeseeFigure40). Drone activity was noted in tlagljacent area, as well e defined landing

pad overheadWith the unpredictability of emergency helicopter operatiand the low altitude and
unpredictable flight pathing of the nearby drone, this detected activity represents a potentially unmitigated
threat. Thaelativelyinconsistent flight path led the research team to susipaithe operation was likely
recreational, as potential commercial mission applications were not distinguishable from the telemetry set.
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Figure40. UAS Operations Northeast of DAB in Proximity of Hospital Heliport (29FL).

The last notable location within the Daytona Beach area was the area near the Daytand Fde@aefs
Market, an area on the extreme west of the city Fégere41). A local helicopter tour business conducts
regular flights from a makeshift landing area south ofRleer me r 6 buildvigsrahd @pen parking lot
(see arrow/Figure 41). On December 30, 2023, local police reported a dmikding with an R44
helicopterconducting aerial tours. The collision occurred at approximately2080feet AGL. The drone
operatorallegedly recorded video supportirglocal construction company. Following theash At he

helicopter returned to the airport and | anded sa
helicopter was carrying three passengépproximately $60,000 in damage was incurred on the
helicopterds main bl ade.

During the study sampling period for the Daytona Beach area (approx. FeBugurst 2024), no sUAS
activity was notecheart h e F ar meAll8UAS dhvityknghe area was recorded east of the north
south running interstate highway.
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Figure41l. UAS Activity in Proximity to Daytona FleandFarmets Market (Informal Heliport for
Sightseeing Helicopter Tours).

3.2.5.3 Columbus (BAK)

Columbus Municipal Airpor{BAK) is ensconced within Class D airspace, extending from the surface to
3,200 feet (se€igure42). West of the airfield lies Restricted Airspace-4B01/2) and Racer Military
Operations Areaupporting military flight operations originating out of Himsel Army Airfield (HBE) of
the Indiana National Guarth 2023,Columbushada reported population &1,522 Columbus is known

for its architecture, public art, and smedlvn appeal. The area is also home to AtteriBaalar Air
Museum.According tothe FAA (n.d.3, BAK airport supported 59,23%erations in 2024
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Flgure42 Columbus Municipal Airport (BAKandSurrounding Airspace.

The research team noted several areas of SUAS activity in proximity to Columbus fSeagbiigure43),
primarily to the south, and west, and to a lesser extent in rural areas north of the airfield.

To the west concentrated activity was noted near a local aggrsgaigcompany, likely performing

surveying or volumetric analysis of stockpiled gravel or other resouBegsral concentrations of activity

are located to the south of the airfield and include: flights over a local soccer club, possibly documenting
athletic event s; various flights over the townos
remainde of activity overflying residential neighborhoods, believed to be primarily recreational flights.
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Figure43. sUAS Operations Near BAK Airport, Runwayssd32 (Southern Quadrant).

One flight was noted directly on the airfield immediately south of the primary Rumi8y<eeFigure
44). The exact purpose of this flight was not immediately appalhentever, the duration of the flight
appeared limitedb just a few minutes
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Figure44. sUAS Operations on BAK Airfield.

Activity to the north of the airfield is believed to support agricultural operations, however, the extent of
some of the telemetry pattermakesit difficult to determine the application being performed (Sigere

45). The activity in the southern portion of the rural seejgpearso be some form of linear analysis or
activity. One flightfollows the course of a small waterwaéased on the orientation and fietsliting, the
research team suspects sUAS use maysbd in one case to evaluate rotary irrigation systems. Activity to
the east shows more concentrated activity confined within a field, which may suggest remote sensing,
spraying, or other related activity. Further assessment will be necessary to ithentyfge of platform in

use. Additional activity to the east shows calited flight over a residential area, followed by a semi
circular, peripheral pattern, which the research team believes to be some form of aerial photography or
videography. The final concentration of activity in the central portion of the image inadkis
directional linear patterns originating from a nearby farmhouse. The flightts two nearby farm fields
diagonally, with the spokesastwest lateral segments that seem to conform with plowing patterns. The
research team was unclear as to th@@ss or function of this flight
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Figure45. Rural SUAS Operations North of BAKirport.

Additional flight activity was noted in the central portion of Columbus near a hospital helipoRigsee

46). Significant flight activity was recorded in straighte segments along various vectors. The
organization and lack of directional variability suggest that these flights may be purposeful, however, the
research teansould notdiscern any recognizable pattern or locational context that would reveal their
application. The research team expressed concern over the proximity of these flights to the hospital heliport,
which, like other emergency heliport locations, may be subject to unannounced, unpredighble
schedules. Theearby concentrated, lealtitude activity levelmay present potential flight hazards or
interference with emergency heliport patient transport operations.
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Figure46. SUAS Activity in Proximity to Hospital Heliport South of BAK (27IN).

It appears that at least some of this activity was originating therparking lot of several box stores to the
north(seeFigure47). The more haphazard telemetry pathing and curvilinear turns seem more reflective of
recreationahctivity; however, these presumptions are not conclusive.
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Figure47. SUAS Activity in Shopping Center Parking Lot North of Hospital Heliport (27IN).

3.2.5.4 Indianapolis, IN

Since downtown Indianapolis was n@arsignificant aeronautical activity, the area was not the
focus of a detailed analysis effoHowever, the research team did note one unique event that
warranted reportingn sUAS data timestamped February 15, 2024, at 23.37 (UTC), the research
team identified a collision between a sUAS operating at 200.5 barometric meters (approx. 658 ft
AGL) and the 814ft Salesforce Tower Building in downtown Indianapoli®lemetry of the
incident derived from Remote ID data isopided inFigure48. Based on the Remote ID serial
number, the SUAS was identified as a DJI Mini 3, an approximately 249g sUAS. It is unknown if
the sUAS caused any appreciable damage to the building
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Figure48. Flight Telemetry of SUAS Collision with Salesforce Tower Building, Indianapolis, IN.

The sUAS was recordedlfiag from 658 feet to the ground in 8.3 sec, with vertical speed accelerating to
29.5 m/s (approx. 66 mpipuring the event, the Remote Identification signal was in an emergency status
mode, which activated approximatelge minute and 13 secoridso the flight The research team assessed
that the SUAS was attempting to return to ioene pointor operator locatiorgpproximately two blocks
north-northeast of the structure. As showrrigure49, GPS updates were lost following the initial impact,
however, barometric altitude readings continued until ground impaet research team believes this
incident likely represented an automated return to home, although thecoatld@&ot be identified from

the remotdD data
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Figure49. Altitude Telemetry from sUAS Collision with Salesforce Tower, Indianapolis, IN.

3.2.6 Lateral andVertical Footprint of Detected sUAS Operations
The purpose of this assessment was to determirevérageoperational footprint of SUAS operations, to
identify the potential range and altitude of influence of sUAS flight operations.

Leveraging more than 4.2RRemote IDdata points, the research team constructed a profile showing the
distribution footprint of detecteBemote IDsignals at various ranges and altitudes relative to the operator
(seeTable9). Lateral distance was measured in nautical miles, and altitude in feet (AGL). Presented groups
are exclusiveThe proportion of detectdflemote IDmessagess reported for each interval, from the listed
minimum distance and altitude up to but excluding the level ofdhewing reported interval. As an
example, the proportion d®emote IDmessages in theero distance andero altitude level should be
interpreted as 13.52% of the cumulatRemote IDdataset was confined within a distance from 0 NM up

to but excluding 0.1 NM and at an altitude of O ft AGL up to but excluding 100 ft A&lsults are
highlighted usig a heat map color gradient, with green colors indicating higher values and red values
indicating lower values€valuating footprint data based Bemote IDmessages rather than on a-fiight

basis provides a more effective measure of exposure since the complete detected flight profile can be
assessedHowever, this approach has limitations. Messbgged analysis may underrepresentriasting

aircraft that transit quickly through altitude or distance intervals, particularly if sampling rates are low or
irregular. Additionally, gaps in telemetry reception due to signal interference, terrain obstructions, or
receiver limitations may result in incomplete flight profiles.

Most SUAS activity (= 49.9%) was conducted within 0.1 NM from the operator at altitudes of less than
400 feet AGL. Approximately 13.9% of activity was carried out at altitudes above 400 ft AGL, with 7.8%
carried out above 500 ft AGL, whighresentsa potentially elevated risk of interference with manned
aviation operationgOnly 0.5% of sSUAS activity was noted at ranges exceeding 1.0 NM.ré&laisvely
positive finding may temper evidence of excessive flight distances, suggestirige overall exposure of
such activity is linited
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Table9. Lateral(NM) andVertical (ft AGL) Footprint of Detected SUAS Operations

Distance (x) /
Altitude (y) 0

4.54%
1.97%
0.95%
0.42%

4.56% 5.24%
2.29% 3.98%
1.25% 3.19%
0.68% 2.13%

400 500 600 700 800 900 1000 1100 1200 1300 1400 1500 1600 1700

1.80% 0.64% 0.54% 0.27% 0.08% 0.05% 0.04% 0.02% 0.03% 0.01% 0.04% 0.02%
1.23% 0.56% 0.24% 0.06% 0.06% 0.01% 0.01% 0.01% 0.02% 0.01% 0.00% 0.02%
1.20% 042% 0.24% 0.10% 0.18% 0.02% 0.00% 0.01% 0.01% 0.00% 0.00% 0.00%
0.57% 0.28% 0.55% 0.10% 0.07% 0.04% 0.00% 0.00% 0.01% 0.00% 0.00% 0.00%
0.58% 0.25% 0.19% 0.12% 0.03% 0.01% 0.00% 0.00% 0.01% 0.00% 0.00% 0.00%
0.00%

1800 1900 2000

To provide further context to the data, distributions of both distdfigeie 50) and altitude Figure51)
are provided.
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Figure50. SUAS Operations Footprint by Distance (NafidAltitude (AGL).
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Figure51. sUAS Operations Footprint by Altitude (AGahdDistance (NM).

A similar profile was constructed to show the distributiorRefnote IDmessages acrosise day ofthe

week and local time of day (s@&ble 10). A heat mapstyle color gradient was used to aid in result
interpretation. Generally, SUAS flight operations were noted at higher levels starting araumdi@&cal

time and extending until 9 p.m. local time. Elevated activity in the early morning weekend hours was noted
compared to weekday activity. Activity levels appeared to peak on Saturdays in the early afternoon,
extending into the evening.
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Table10. Table of Remote ID Messages by WeekdagTime (Local).

Hour (L] Monday Tuesday Wednesday Thursday Friday Saturday Sunday n
0 29953
1 59638
2 43165
3 30188
i | 4405
5 42578
b 82085
7 95535
8 0.28% 0.22% 0.83% 0.45% 0.22% 0.56% 0.51% 130520
9 0.30% 0.82% 0.45% 1.08% 0.83% 0.37% 0.80% 157641
10 0.53% 0.75% 0.96% 1.08% 1.00% 0.58% 0.60% 234199
11 1.04% 0.86% 1.44% 1.52% 0.80% 0.92% 0.51% 301624
12 1.00% 0.68% 1.13% 1.38% 0.54% 0.98% 0.66% 271062
13 1.08% 0.95% 0.92% 1.15% 1.06% 0.87% 0.63% 283847
14 1.39% 1.12% 1.00% 0.74% 0.76% 1.27% 1.04% 311581
15|  151%  0.60% 0.94%  0.81%  0.89%  2.02% 0.56% 311387
16 0.56% 0.37% 0.86% 0.64% 1.05% 1.42% 0.49% 229264
17 0.77% 0.50% 0.57% 0.42% 0.83% 1.68% 0.79% 236267
18 0.80% 0.91% 0.39% 1.07% 0.89% 1.44% 0.73% 264452
19 0.82% 1.07% 0.71% 0.959% 0.66% 1.05% 1.40% 285377
20 1.05% 0.71% 0.65% 0.49% 0.99% 1.13% 1.38% 271923
Pl 0.87% 0.66% 1.15% 0.67% 1.06% 1.31% 0.39% 259561
22 1.05% 0.34% 0.78% 0.23% 1.44% 0.39% 183783
23 0.35% 0.34% 0.97% 0.21% 90077

3.2.7 Proximity of SUAS Traffic to Aerodromes
The purpose of this evaluation was to determine the proximity of SUAS operations to nearby aerodromes
to assess potential collision risk or interferehagards to manned aviation operations.

The research team analyzed the proximity of SUAS operations relative to aerodromes within each sampling
area.A total of 43 aerodromes were analyzéettludingthreepublic heliports, 33 private heliportye

public airportsponeprivate airport, anénepublic seaplane base. A total of 5,171 sUAS flights contained
geospatial information, enablindistance information calculatiorDistance was calculated using a
Haversine formula, based on therizontaldistance between the reported SUAS aerial vehicle location
coordinates and trarport referencegint (ARP). Notably,the ARP isgenerally centralized on the airfield,
sothedistance between a sUAS flight and thanest airport hazard area, such as a runway, may be closer
than reportedA cumulativeboxplot ofresults by aerodrome code presented ifrigure52. A boxplot of

sUAS distances by aerodrome type is providdeigure53.
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Aerodromes were organized by sensor area, aerodrome type, and aerodrome code to tiraprove
interpretation of resultsA distribution of SUAS flights detected in eacdgion waspresented using a
stacked bar graplseeFigure54). A proportional comparison of SUAS proximity to aerodromes is provided
in Figure55to enable standardized comparisbhe research team acknowledges that distance distributions
may be influenced by placement of the Remote ID sensors. The research teathatstgdS flights of

less than 0.5 NM were encountered exclusively at heliport locations. This may besgwergifactors.

First, there are aignificantly greatemumber of heliports when compared to other aerodrome types in
operation in the NAS. Secondly, the relatively small footprint of heliport locatitalesthem easy to
disperse across communitidis factormakes them harder to recognize among urban sprawbthan
aerodrome types, such as airports or seaplane lwisless much larger andhore prominentfootprint.
Finally, existing planning resources, such as Sectional Charts, do not depict the locations of heliports,
making it even more difficult for remote pilots to recognize their SUAS operations may inadvertently
impinge on heliport activities.
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3.2.8 Estimated Registration Rates
The purpose of this analysis is to provide a forecasting estimation for the sUAS fleet size, for both
recreational/hobbyist (49 US§24809) and nomecreational (commercial, 14 CRR07) operations.

A summary of the currently projected FAA forecast values for SUAS is contaiffedbliell.
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Tablell. FAA sUAS Fleet Forecast.

Recreational (44809) Commercial (107)
Historical X Base High Low Base High
2023 557.3 | 1776.8 | 1776.8 361 842 842

Forecast
2024 555.7 | 1826.4 | 1830.8 369 951 960
2025 583.2 1847 1867.4 371 1032 1050
2026 609.2 | 1867.3 | 1891.3 372 1083 1113
2027 621.3 | 1878.7 | 1907.5 373 1110 1152
2028 628.8 1883 1920.8 374 1122 1176

*Thousands of units

Note:Derived from FAA (2024c)

The research team evaluated historical nationwide LAANC data provided by the FAA for possible
operational and growth trends (deigure56). Additionally, the research team added ancillary contextual
data, including part 107 (remote pilot) certificates, and historical SUAS registration data. Seasonality effects
are clearly visible throughout the dataset, with elevated activity in tradit&umamer months and
diminished activity in winter. To mute seasonality impacts, the research team integratedmtii 2rolling

average to show lagging operational trends. As evidencEmjime 56, commercial LAANC operational

activity has increased within the past year, with accompanying, steady Part 107 remote pilot certificate
growth. Although these trends are not fully reflected in the Part 107 sUAS registration data beyond
December 2022, thers ear ch team believes this may be due to
for counting and reporting registrations, as similar data inconsistencies were noted in the 44809 registrations
during the same time period.
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The research team agrees with the FAAO6s assessmen
flat or experience low percentage growth. As evidenced by thetéongprojections, the agency likely
assessethatthe recreational fleet is approaching saturation, with plateauing growth thereafter.

Conversely, the continued, relatively consistent addition of certificated remote pilots, coupleal with
measured 2024 increase in Part 107 LAANC operations, seems to syrggéhtpotentialin commercial

sUAS activity which may extend beyond 2025. The research team further anticipates a potential spike in
commercial growth once the FAA releases permahepbnd visualihe of sight (BVLOS) regulations.

The research team also cautions that the aforementioned indicators may not fully capture the extent of
operations taking place within the NAS, potentially resulting in usderpling or underepresentation of

certain populations. For exampleAANC activity does not account for operations carried out under Part

91 COA, airspace authorizations, activity at fixed recreational sites, or FRIA locations. The evaluation of
Remote ID concentrations and their divergence from LAANC utilization data suggest recurrent, routine
operations are likely being undeounted.

Moreover, when taking into account Remote ID data, it is difficult for the research team to fully moderate
the apparent SUAS growth trends to account for Remote ID adoption and registration. The research team
suggests caution in interpreting apparent ghoingnding seen in the Remote ID data, it is unknown what
portion should be attributable to initial Remote ID adoption, platform replacement, and related factors.
Based on Remote ID platform census data, however, it seems apparent that most operatgs@éantor

new sUAS that come equipped with Standard Remote ID. Based on this assertion, it is highly likely that
Remote ID registrations continue to lag truth datsed on observations made through Remote ID sensor
detections To further assess if registration datiso lags, it is recommended to determine if model
registrations mirror model detection data.

3.2.9 Operating Locations

The purpose of this analysis was to determine the origination location of SUAS flights to better understand
operator behavior and determine potential risk areas that may be exposed to disproportionate levels of SUAS
activity.

The research team compared pilot locations, or where absent, launch locations, to ascertain the origination
point of flights in the Indianapolis areleveraging data from the Indianapatiad Marion County (n.d.)

GIS Mapping Applicationsthe research team fused UAS origination locations with land use applications
associated with geographical area zonifge researclcorrelateds,154 UASRemote IDdata points to

perform the assessmeiihe land use/zoning dataset used during the analysis containede3éndifind

use categories, includingdustrial, commercial, residential, government, agriculture, utilities, recreational,
hydrology infrastructure, medical, and transportation spat¢escomplete list of categories and results of

the analysis are presentedrigure57.

The top categories of UAS activity were found toltwe-density residential areas (16.8%), agricultural

l ocations (11.5%), Aot hero speci al use agdphvaoc es (9
classifications of mediurdensity residential areas (collectively 14.0%)e remainder of the 24 categories

comprise just over 40% of UAS activity
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Figure57. SUAS Launch Locations by Land Use.

These findingsare generally similar tdata collectedby Wallace et al. (2024yom DallasFort Worth
International Airport (se€&igure58). Differences in land use classifications prevent a direct comparison,
however, general similarities can be seen in both assess@egigfamily residential spaces or lete-

medium density residential neighborhoods continue to be the leading category of UAS origination. This
finding suggests primarily recreational operations. Other data presented throughout this report point to
elevated activityn the late afternoon/early evenings, weekends, and holidays
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Figure58. sUAS Operator Locations by Land Use (Proximate to D&ltas Worth International Airport
[DFW]).

UAS flight origination from residential neighborhogoiesentsa unique challenge for aviation safety for
several reasongoremost, is that crewed aviation operators are unlikely to recognize the overflight of
residential spaces as presenting an elevated collision risk with UAS platfdrimsay warrant additional
education or safety alertirtg notify crewed aircraft NAS userso they can better understand the nature

and origin of UAS hazard€onversely, this finding may also present a silver linisgnany locatiors
particularly those in larger, urban areas and near major aidpbage procedures or approach and
departure paths that avoid residential neighborhoods for noise abatement paipesegrocedures may

help to segregate crewed aircraft operations from hazards posed by UAS operators flying over residential
areas

3.2.10 sSUAS Uitilization, Retirementand Abandonment Rates
The purpose of this assessment was to determine the longevity of SUAS utilization to assess normal sUAS
lifespans of operation and use patterns.

The research team evaluated sUAS utilization patterns to assess repeated use of platforms to interpolate
usage cessation, which suggests operator platform retirement, abandarmepiacement. Cumulative

results are presentedhigure59. Results suggested platforms are generally operated for a small proportion

of timed generally within one calendar moathwith limited reutilization thereafter. Although the sampling

period of the current study was relatively limited, it was anticipatedaarsre recurrent platform activity.

This seems to reflect findings from prior studies that indicated SUAS have relatively short platform lifespans
(Wallace et al., 2024)While it is possible that other factors may be influencing this data (such as operators
conducting operations in | ocations outside the st
that recurrent platform useaybe limited.
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Figure59. sUAS Platform Activitypy Remote IDSerial Number, Montha€3,235)

A boxplot of activity months is provided by platform type for all SUAS models operated for more than one
calendar month (seEigure 60). These findings were somewhat unexpectedprior studies, higher
utilization patterns could be correlated to platforms that could clearly be tied to commercial ativijty (
Matrice 600, Matrice 210, RTK models, etc.). Howewuais trend did not appear to be reflected in the
datasetThe top three sUAS platforms with elevated utilization rates included the DJI Mavic 3 Enterprise,
DJI Phantom 4 Pro 2.0, and Mavic 2 Pro
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Figure60. sUAS Platforms Operatax/er One Calendar Month.

3.2.11 Public Agency Use of SUAS
The purpose of this assessment was to determine the extent of public safety use of SUAS.
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During the study, the research teaould notsecure identifying SUAS Remote ID information for public
safety agencies in the sample areas, makimgtifying public safety missions exceedingticky. This task
was further complicated by the selected sampling locations, which were genagalliable fodetecting
these types of operations

There are, however, other evolving means for identifying SUAS operational adiiviéyof the ongoing
challenges with Remote ID detection is that it is not currently possible to determinRémote IDdata
alonehow an operator is complying with FAA regulations, nor is it possible to definitively identify the
purpose or mission application of SUAS flights. Research is advancing to predict flight activity using
telemetry information, generally coupled with artiéicintelligence and machine learning ®ob assess
telemetry patternsThis technology compares detected sUAS telemagiginst known use cases by
applying supervised or unsupervised machine learning training methoksntify pattern similarities and
determine probability models for classificatiéior example, the raster telemetry pattern se&nguare61

(Left), likely representa surveying or mapping applicatiomhile the image ifrigure61 (Right) suggests
3-dimensional modeling or photogrammefWallace et al., 2024).

The research team will attempt to address the objectives afaksmore thoroughly in the folloan
research project, ASSURE A83, Drone Traffic Analysis study.

3.2.12 sUAS Platforms by Weight Classification

The purpose of this assessment was to determine the distribution of SUAS in operation by weight. The
weight of a SUAS plays a large role in the potential damage that can be inflicted by the platform in either
an aerial collision with an aircraft @ ground collision with a structure or person. Understanding the
distribution of platforms in use can inform upon the potential damage risk to NAS stakeholders and injury
potential to persons on the ground.

While monthly activity by manufacturer and platfoimlps assessiarket share, additional contextual
information can be derived by correl atinBgumont hl vy
62 shows the relativistic SUAS activity trentased on 12 different weight classes of sUAS platforms

Figure 63, shows the overall frequency of platforms in each weight classtrengbroportionality of

platforms across the various weight clasgesevaluation of this data reveals several interesting findings
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First, there is a clear rising trend in activity froimy platforms those weighing less than .55 Ibs (2509)
This is followed by platforms weighing 2.0 Ibs, 2.5 Ibs, and 1.5 Ibs, respeciieoperationdrequency
of heavy platformss negligible within the datasefhis seems to indicate that consum&gor the
operation of lowweight platformsThis findinggenerally reflectprior studies, however, the tretavard
smaller, lighter platformappeardo be becoming more prominent
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Figure62. sSUAS Monthly Platform Activity by Weight Classification{2,187).
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Figure63. CumulativeDetected sUAS Platform Distribution by Weight Category.

3.2.13 Potential Impactsof Implementing ADSB (Out) for sSUAS

The purpose of this task is to ultimately determine the extent of concentrated operations, primarily for SUAS
(but potentially including manned aircraft as well), and to assess the potential implications for signal
interference should AD8 be implementeds a Remote ID solution.
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ADS-B has been previously suggestedome of severapossiblesolutionsto address the challenges
associated with SUAS detection, identification, and trackin§S Identification and Tracking [UAS ID]

Aviation Rulemaking Committee [ARC],20lHowever , during the UAS, I D ARC
it was assessed that possible interference of sUAS-BB§nals could disrupt or overwhelm manned

aviation ADSB signals, potentially compromising safefjhe UAS ID ARC (2017) would ultimately
recommend optios for lowpower direct broadcast or network publishing solutions. FethawFAA

rulemaking would ultimately implement a local direct broadcast, although not usingBABS the

underlying technology (FAA, 2021c). This final rule would become codified irfCER 89, Remote
Identification of Unmanned Aircraft (2021).

The research team collected sUAS flight density information to codify the extent of simultaneous
operations. The largest extent of simultaneous sUAS flight operations occurred in the Indianapolis and
Fishers sample aredSgure64 shows the collection of individual flights carried out in Indianapolis over

the sampling period within a 5 NM radius.

Figure64. Remote ID Flight Originations, Indianapolis, IN, 5 NM Ra@jele.

Figure 65 shows the average and maximum number of flight operations in both sample areas, based on
local, hourly segments. Fishers saw a maximum of uprntesimultaneous flight operations within two
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separate periods in the mid afternoon and late evening. Indianapolis, also saw a maximiom of
simultaneous fiht operations, also in the madternoon, and slightly fewer simultaneous flights in the late
evening.
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Figure65. Distribution of SUAS Flights/Hour (IndianapoksdFishers Sample Areas).

To contextualize these values, the research team selected the busiest U.S. airport by number of annual
operations in 2024, determined to be Hartsfilddkson Atlanta International Airport (ATL). In 2024, ATL
handled a total of 796,224 operations, withragjmately 98.1%r{ = 781,216) air carrier operatio(BAA,

n.d.a) Based on 8,760 total hours in a calendar year, this equatesat@r@ge of nearly 91 flights per

hou® well above the measured simultaneous sUAS threshold at either of the sample areageihe

actual number of operations could likélg higher, since the research team was unable to account for traffic
variability during ATL peak operations hours.

The exact capacity of the ABBisill -defined;however, several sourdecumentsnform upon this issue.
Source assessed the potential growth and performance implications of operating Ab8Songested
airspace (ADSB Aviation Rulemaking Committee [ARC], 2008). The report assessed that exceeding
45,000 transmitters within a given airspace could result in intederer message degradation or loss
(ADS-B ARC, 2008).A study by Tabassum and Semke (2018) addressed the risk eBAidSgestion

and accomparigg message data loss, knowrdagpout:

filOver the past several years, airspace has become congested with the increasing number of flights.
The introduction of unmanned aircraft systems (UAS) into the National Airspace System (NAS) has
further increased congestion, especially below the transiliiinde where most general aviation
aircraft fly." (p. 2)

The Tabassum and Semk2018) study identified that up to 32.49% of ABBSmessages encountered

dropout problems when the AEESupdate rate was greater than 3 secdBegond the provided material,
documentation regarding specific AEES system capacity thresholds relatively limited. Aircraft
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positional latency is generally required to be less than 0.6 seconds, whereas overall latency must be less
than 2.0 seconds (FAA, 2015).

Based on a thregear study of SUAS activity at a major, Core 30 airport researchers identified 481,368
flights from a combined 29,839 sUAS platforiWg§allace et al., 2024Even this large number of SUAS
operations only aggregates to approximately 18 sUAS flights ped hmuch lower than Core 30 manned
aircraft operations numbers. Moreover, sUAS are less likely to inject interference, as they generally operate
at low altitudes, subjecting any groutdhsed ADSB monitoring to implications of terrain and dasle
masking, further lowering potential interference at substantial range.

Based on the preponderance of the data, operations activity, and informative literature on the subject, SUAS
are unlikely to cause significant interference, if using AB®ut). Potential interference or AEEsignal
degradation is only likely to be expemced in particularly traffidense airspace at or in the immediate
vicinity of our nationds busiest airports.

3.3 Task C: Compliance and Exceedances of 14 CFR 107 Operational Limitations

The primary objective of this task is to provide an overview regarding the exceedance rates of various
elements of Title 14 CFR, including Part 107 and ParTh®8 remainder athis section breaks down Task
Cinto subtasks.

3.3.1 sUAS Operation During Daylight, Civil Twilight, and Nighttime
The purpose of this assessment was to evaluate when sUAS operations take place, relative to local daylight,
civil twilight, and nighttime conditions.

The research team selected two sample areas to conduct daylight analysis, which included the Indianapolis
and Daytona Beach aredhese areas weghosendue to the large availability of flights for sampling
Collectively, the researchnalyzed 4,795 data poinSampling timeframe was primarily based on data
availability from deployed sensorAstronomical data for sunrise, sunset, and civil twilight times were
derived from Time and Date (2023jindings are presented Kigure 66 and Figure 67. Data for both
locations were strikingly similar. Data collected at Indianapolis showed more than 80% of flights occurred
during daylight hours, with approximately 10.8% occurring at nighttime [local civil twilight to midnight],
and3.5% occuring during morning hours [midnight to morning civil twilighglights duringcivil twilight
hoursrepresented only 5.3% of the dataset, with 4.3% occurring in the evening and just over 1.0% occurring
in the morning. Data collected from Daytona Beach was similar, with 86.0% of flights occurring during
daylight hours, 8.7% occurring at nighttime, 1.5@sig the morning, .2% occurring during morning civil
twilight, and 3.6% during evening civil twilight

The consistency of the data distributiagisesthe research team confidence in predicting that daylight
operations likely represent 85% of operations in most locations, with nighttime operations comprising
5-15% of operationsand morning operations estimated at less thanG8érations duringnorningcivil
twilight were generally de minimisvith nighttime civil twilight operations likely comprising&3%.
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Figure66. SUAS Flights by Daylight Category (Indianapolis, iNs 4,460,Nov 2023Nov 2024,).
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Figure67. sSUAS Flights by Daylight Category (Daytona Beach, 1irk,335,Feb 2024Aug 2024,).

3.3.2 Flight Over Human Beingsand Populated Areas
The purpose of this evaluation was to estimate the extent of SUAS operations being carried out over human
beings not protected by a structure or shelter.

The research team assessed the launch locations of each detected flight to assess the density of proximate
human activity The research team used Oakdgeéid Nat i on al Laboratoryés LandsS
a metric for human activity (Weber et al., 2)2. iThe LandScan Program was
National Laboratory (ORNL) in 1997 to address the need for improved estimates of population for
conseqguence assess merhelandScanRIBA 20288 Ropulatiop census )data,
demographicssocioeconomic information, infrastructure, and other related information (ORNL, 2025).
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Thedataset provideaspatial resolution of 3 arseconds (90m x 90manda temporal resolution of about
12 hours (ORNL, 2025For this assessment, the research team defaulted to using daytime data.

The compositeaesults of the analysis are presentedrigure 68, with detailed geospatial assessments
following. Results indicated thatost flights were flown in areas with ldsgman activity Approximately

25.4% of flights originated from locations assessed to have no human aétpiypximately 31.6% of

flights originated from locations with human activity values of less than 10 people per 90m x 90m area
(approx. 1,230 persons per RmOnly 8.9% f = 462) of flights occurred in the highedénsity human
activity areas of 25B80,000 persons per 8,100mrea épproximately 30,873 to 3,690,000 persons per
km?).

The research team notes that LandScan human activity values magneseniore urbanized locations,

as the number of densely populated areas in the sample dedsdietited. Moreover, the research team
acknowledges that flights can easily transition between human activity dmesver, the research team
did not assess flight telemetry for this assessment
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Figure68. sUAS Operator Locations by LandScan Value (Daytime).

Flight activity in the Columbus, Indiana area was evenly distributed, with a slight elevation over roadways
and other transportation mediums. Dense population pockets were located in the downtown area to the
southwest, with several flights noted in thesgse=eFigure69).
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Figure69. SUAS Operator Locations Overlaid with LandScan USA, Columbus, IN, 90m x 90m
Resolution, Daytime.

Flight activity in the Daytona Beach, Florida area was heavily concentrated along the mawvestast
roadway adjacent to DAB airport and along the coastline near the Halifax River and ocean bé&aghresee
70). With the exception of someeachside areas, these flights correspond to higlogulationactivity
areas
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Figure70. SUAS Operator Locations Overlaid with LandScan UBaytona Beach, FL, 90m x 90m
Resolution, Daytime.

Similar to Columbus, Indiana, flight activity in the Fishers, Indjamaa appeared to concentrate around
roadways and thoroughfare areas, which generally corresponds to higher human activity aFégisrésee

71). Flight originsin this sample area appear to extend somewhat further from roadways than in other
regions, although the reason for this variability is not immediately apparent.
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Figure71. sUAS Operator Locations Overlaid with LandScan USA, Fishers, IN, 90m x 90m Resolution,
Daytime.

Unlike other sampling areadight activity in downtown Indianapolis, Indianaasheavily concentrated

in the most densely populated areas but did not necessarily corredagaiticanthighways or roadways
(seeFigure72).
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Figure72. sSUAS Operator Locations Overlaid with LandScan USA, Indianapolis, IN, 90m x 90m
Resolution, Daytime.

Flight activity in the Terre Haute, Indiana sampling area did not appear to follow the same pattern as other
sampled locations (sé&gure73). Unlike other areas where flight activity appeared to concentrate around
areas of higher human activity, flight activity in the Terre Haute samplingsaesaedo avoid these areas
almost entirely. It is noaltogetherclear why this discrepancy occurred. The research team acknowledges
that sensor coverage and obstructions in this areehmayprevented effective detection over the western
portion of the sampling area. Flight activity in this area could still be generally correlated to major
roadways
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