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Abstract:

Potential SUAS BVLOSperational scenarios/use cases and DAA approaches were collected through a
number of industry wide data calls. Every 333 Exemption holder was solicited for this same information.
Summary information from more than 5,000 exemption holders is documemddthe information
received had varied level of detail but has given relevant experiential information to generalize use cases.
A plan was developed and testing completed to assess RLOS, a potential key limiting factors for safe
BVLOS ops. Details of tnequipment used, flight test area, test payload, and fixtures for testing at different
altitudes is presented and the resulting comparison of a simplified mathematical model, an online modeling
tool, and flight data are provided. An Operational Framewloak defines the environment, conditions,
constraints, and limitations under which the recommended requirements will enable sUAS operations
BVLOS is presented. The framework includes strategies that can build upon FAA and industry actions that
should resdlt in an increase in BVLOS flights in the near term.

Evaluating approaches to SUAS DAA was accomplished through five subtasks: literature review
of pilot and ground observer see and avoid performance, survey of DAA criteria and recommended baseline
perfamance, survey of existing/developing DAA technologies and performance, assessment of risks of
selected DAA approaches, and flight testing. Pilot and ground observer see and avoid performance were
evaluated through a literature review. Development of RA#riad the emphasis here being well cigar
was accomplished through working with the Science And Research Panel (SARP) and through simulations
of manned and unmanned aircraft interactions. Information regarding sUAS DAA approaches was
collected througla literature review, requests for information, and direct interactions. These were analyzed
through delineation of system type and definition of metrics and metric values. Risks associated with SUAS
DAA systems were assessed by focusing on the SafdtyMRisBagement (SRM) pillar of the SMS (Safety
Management System) process. This effort (1) identified hazards related to the operation of sSUAS in
BVLOS, (2) offered a preliminary risk assessment considering existing controls, and (3) recommended
additionalcontrols and mitigations to further reduce risk to the lowest practical level. Finally, flight tests
were conducted to collect preliminary data regarding well clear and DAA system hazards.
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Executive Summary

The UND and NMSU team was tasked by the Federal Aviation Administration (FAA) with research related
to Beyond Visual Line of Sight (BVLOS) for small unmanned aircraft systems (sUASmall UAS
weighs less than 55 pound®VLOS is similar to Extended Visual Line of Sight (EVLOS) and other
operations where the sUAS is not in the immediate proximity of the opefidteroperating scenario does

not necessarily include the situation wwhéhe sUAS may be out of sight due to a natural or-made
occlusion, unless there is a technology solution for that scen@apin general, BVLOS is an operating
environment where the sUAS is out of sight due to distance and the limitation of the tisomal system.

This report captures a number of elements explored by the team.

Potential SUAS use cases were gathered to assess potential BVLOS applications that may use DAA
approaches. Data calls were made through a number of approaches inclBdipgeat for Information

(RFI) in the Federal Business Opportunity (Fed Biz Ops) web site maintained by the Federal Government.
To supplement the information from Fed Biz Ops, data calls were made to the Technical Analysis and
Applications Center (TAAC) (oerated by New Mexico State University) List Serve as well as published

on an AUVSI website.Responses from this process as well as Fed Biz Ops were miwithaihe total

receipt being approximately 40A few use cases were reported and were mostlynegping, land/area
monitoring, and straight line inspectiongse cases reported operating altitudes between 50 and 700 feet
AGL with the most typical operating altitudes were between 50 and 100 feet AGL. Use case airspeeds
ranged between 6 and 33 knatsth an average speed of around 12 knots. No use cases reported actual
in-flight climb or descent rates

A number of Detect and Avoid approaches were highlighted and discussed by seven separafe entities
ATC; Dynetics, Inc.; Gryphon Sensors, LLEoneywell; New Mexico State University; IMSAR,;
Echodyne; and ’ubed. Their information is sorted into Grousghsed as well as Airborne/Mixed Detect

And Avoid (DAA) systems. Further details on the various DAA systems and contacts hayedweeéed

to the FAA in a separate Poif-Contact Database.

To supplement these data, the 333 Exemption Holders on the FAA website were all reviewed to elicit
summary sUAS information.That summary information from more than 5,000 exemption holders is
contained in tts report. To understand the data that were acquired from the 333 Exemptions, defined uses
were created to sort each docket by business use, of which there were eleven general uses. Each of these
use cases were furthdivided into subcategories to alloadditional definition. The 333 exemptions

granted over time for these eleven categories are plotted as a function siidiwiag the breakdown by

use.

The types and different platforms requested in the 333 exemptions are also detailed. The totadinumbe
use cases collected (where a use case consists of an individual request for a specific UAS or a request to
use all UAS on the FAApproved list) is 36,826.A total of 5,553 dockets were processed. Most
applications were fod-copters (total of 6,596 followed by similar number of requests fisxed-wing

(818), 6copter (726), and-Bopter (879). There were 153 differentdpter platforms requested. The

SUAS data were also analyzed by manufactur&ach known model was classified by type and
manuacturer (there are almost 200 different manufacturers in the listing).

A A333 Use Case/ DAA Data Call 0o was sent to more
regardingheir operations as well as DAA approachkedormation received as a resof this data call has

varied in its level of detail but hgzovidedrelevant experiential information to generalize use cases.
Descriptive categories are provided for each response. Input to the RFI was received that contained
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proprietary information.Thesedataarenot included in this report, barearchived along with all the raw
material received in the various information requests.

An assessment of Radio Line of Sight (RLOS) coverage was completed with the goal of assessing the radio
line-of-sight (RLOS) connection for small unmanned aircraft systems (sUAS) through testing. This
connection element is key to ensuring safe operations, specifically if flying BVLOS. A description of the
approach and tdet is provided. Various modal approacheare discussed and BLOS range that may

be achieved in applications of SUAS was developempagation was modeled using the welipected
Longley-Rice Irregular Teain Model (Longley and Ricd968), which was developed by the U.S.
Department of Comerce in 1968.The test plan addressed data collection in a test setting to validate the
developed model A number of different approaches can be used to assess the coverage. A simplified
mathematical model based on asien of the LongleyRice modeland an onlinebased LongleyRice

model were compared to actual field measurements to assess validity of the simplified input tools.

Static and flight test operations were completedttmunpopulated and NMSldontrolled Chihuahuan
Desert Ranchland ResearCknter (CDRRC). Testing was performed between two 3DR radios (3DR v2
telemetry SiK radio with the stock antennas), operating at 915 MHz witm¥Y@@ransmitters (2dBm).

One unit was placed at 1 m above ground level at various locations on the raliniTwas attached
directly to a laptop computer running MavLink control software. This allowed the laptop to record the
Received Signal Strength Indica{&SSI)of both the control unit (laptop) and the remote unit. The second
radio was either congpted to a fixed pole for the initial testing or to a small UAS. The resulting data did
provide a clear demarcation line where the communication link degraded at didtant$AS flights, a
Pixhawk flight control unit was used and mounted as a payload below &opizd (remote unithatwas
operated at 2400 Mhat a nominal height of 100&GL. A sampling of test points were also collected at
200, 300, and 400 ft. AGL.

Field results were plotted and compatedoth an odine calculator §ne that incorporates the Longley

Rice (L-R) model, terrain databases, and user entries for the radio characteristics to petdiled
coverage mapshnd a simplified LonglefRice model developed by E. Johnson. Based on field data, an
estimated field observable RLOS coverage map was drawn for a visual comparison between the models
and field observations.

Based on the limited sample and analysis time permitted, the results @ldhig$t indicate that in the
scenario flown, the simplified model and thelme calculator modelprovide too coarse of estimatioofs

RLOS coverage. As the simplified model assumes a uniform terrain type (plains, hilly, mountaingus, etc.)
it cannotadequately account for a radio coverage area that spans multiple terrain types. Thidifigld tes
has demonstrated that reebrld RLOS conditions differ from the analytical modelahile the
mathematical models may attempt to replicate ideal conditsitesspecific influences can impact actual

link distances. A number of specific conclusions were drawn from this testing and are included in the
report. Additional testing in different environments or geographies and with different radio sgstem
frequencies may add to the knowledge base. This additional testing may be warranted. With the
uncertainties shown, it is logical to choose a conservative approach in selectinguadsafeble RLOS
operational distance.

An Operational Framework that ded® the environment and conditions under which the recommended
requirements will enable sUAS operations BVLOS is presented. Considerations for BVLOS operations
involve a number of interrelated elements that are needed for safe flight. These elemeimispasultial
constraints on the systems and operations. The three elements of significant interest are 1) the conditions
or locations in which one flies must be conducive to safe flight operations; 2) the operator must operate in
a safe fashion; and ®)eaircraftmust be capable of reliable and safe BVLOS operations.
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A series of assumptions and limitations are provided that can facilitate BVLOS operations. These are also

supplemented by considering a number of additional considerations, relevant scenagonbe And

Research PaneBARP i We | | Cl e aforsUAS ette iFAA BNSFoPathfinder Effort, and other

aircraftconsiderations. A number ofternationahbctivities that provide relevant inputs are also provided.

The framework may not be prescriptive nor does it ibelan exhaustive set of actiotise framework

includesstrategies that can build upon FAA and industry actions that should result in an increase in BVLOS

flights in the near term. The primary strategies and recomatiems to help facilitate SUABVLOS

operationsn theNational Airspace Sstem NAS) are
1) Require a minimal set of limitations for BVLOS operations

Operating time: daytime

MeteorologicalConditions Visual Meteorological Condition&/MC)

Altitude: ~500 feet AGL

Overflight: no densely populated areas

Airport proximity limitations: greater than or equal to 5 miles

Critical operating limitations: greater than or equal to 3 miles of critical infrastructure

Operational control: RLOS will determine distance; no daisy chawificgntrol stations

Vehicle visibility: optimizecolor, lighting, and design for conspicuity

2) Develop a consenswmsd researchased design strategy

3) Utilize common phases of flight to facilitate recommendations and potential regulatory input to the
FAA

4) Develop a taxonomy and use cases that result in ageable set of recommendations for
regulatory and recommendation purposes

5) ASTM could lead the development of design and other data for BVLOS operations based upon
current and proposed research

6) A DAA systemeitherairborne or grountbasedmust be operatital with the system

7) sUAS BVLOS operations in the NAS can take place without extensive and very expensive
infrastructure

8) International operations and requirements should be considered in formulating the BVLOS
requirements for the USA

9) Develop a more robustl®S model for BVLOS

10) Utilize SMS to assess risk as BVLOS evolves

11) Utilizing candidate DA and other enabling BVLOS technologies, develgrify and validate
test methodologies for these current systemsagpty thisto future systems

12) Anticipate that the ra future will demand autonomous BVLOS without a human pilot

S@roo0oTy

Evaluating approaches to SUAS DAA was accomplished through five subtasks:
Literature review of pilot and ground observer see and avoid performance.
Survey of DAA criteria and recommendbedseline performance.

Survey of existing/developing DAA technologies and performance.
Assessment of risks of selected DAA approaches.

Flight testing.

arwdOE

Given the existing literature, it is concluded that for relatively small manned aircraft, an optinestiga
detection distance for mannadcraft pilots is on the order of 0.8 miles during the daytime, with this
distance increasing at night through the use of accessory lighting. noted that this is based upon the
literature examined herein, andedonot include findings from Pathfinder Focus Area [The actual
mannedaircraft pilot intruder detection distance in a given scenario depends upon many factors, including
sky condition, cockpit obstructions, and interaction geometries.

Development oDAA criteriad the emphasis here being well ci@avas accomplished through working
with the SARP, which developed the distanbased definition of 2000 ft horizontally and 250 ft vertically
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for sUAS, and through simulations of sSUAS encounters with mannefaithat were performed within
this effort. These simulations indicated that:

1

Some advantages are realized when the horizontal distance for well clear is expanded to 4000 ft.
When this is done, avoidance of NMAC (Near MidAir Collision) is enabled givainsensors are
able to provide information regarding needed maneuvers by, minimally, thelgagllthreshold.

Field Of View (FOV) has a significant impact on maintaining well clear. A 180° FOV is
recommended, although a full 360° FOV may be requivdthhdle mannedvertaking

unmanned scenarios.

The UAS autoflight system must be considered as part of the total DAA package. Any autopilot
expecting humain-the-loop control must be capable of aircraft trajectory changes within as few
control inputs apossible, as being able to respond rapidly significantly enhances the ability to
maintain well clear.

Update rates of sensors should be considered when evaluating sensing distance required to enable
maintenance of well clear.

Using a 1 Hz sensor updateaaa 2000 ft well clear distance could be maintained when the
simulated sensor range was 1.75 nm. For a 4000 ft well clear distance, the required sensor
detection range is 2.6 nm for a fixed wing UA (Unmanned Aircraft) and 3.5 nm for arotolti

UA.

Chdlenges associated with maneuvering vertically to maintain well clear include ballooning past
500 ft AGL (Above Ground Level) when operating the UA manually, the threat of crashing into
the ground if applying a rapid descent while in manual control, anith#fility to remain

vertically well clear with a simulated muktopter while under waypoint control owing to the
slowness of the maneuver.

Information regarding sUAS DAA approaches was collected through a literature review, requests for
information, awl direct interactions. DAA system architectures were defined according to three primary
characteristics: sensor location (on/off board), degree of autonomy, and sensor type (active/passive). Given
these, existing standards (e.g., environmental standarasdeveloping criteria (e.g., well clear), metrics

and metrics values were developed for DAA systems, with the metrics divided according to whether the
sensor is on or off board owing to the importance of SWaP (Size, Weight, and Power) for on bearsl syst
These metrics were then used to develop qualitative scores for different DAA approaches. This process
produces the following results:

T

1
)l

Only 11 DAA-intensive companies were identified. This underscores the relative youth of this
field.
The majority d DAA -intensive companies are pursuinglmrard solutions.

The only offboard solution being pursued by companies identified as -Dvgksive is radar

based. It appears as if other approaches are in earlier stages of development.

On board solutions beingxplored by DAAintensive companies include active radar, passive
EO/IR, and passive acoustic. Of these, radar and EO/IR are the most popular approaches.

Off board radabased systems have advantages regarding sensor performance (e.g., range), with
the pimary barrier being acquisition cost.

On board radabased systems have utilization advantages (e.g., cost, installation), with the primary
challenges being detection range and FOV within SWaP limitations.

On board EO/IRhased systems provide excellamidate rates and may provide utilization
advantages (e.g., cost). However, FOV and SWaP appear to be challenges.

On board passive acoustic approaches appear to enable a complete FOV, with comparable range
performance at an apparently lower SWaP requirémen

Data for some metrics (e.g., probability of detection, false alarm rate, operational environment
limitations) were severely limited. Additional data are needed to solidify results.
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1 Itis expected that some data are limited owing to a lack of fligtinges Flight testing would
enable both characterization of approaches and establishment of standards that will enable future
system development.

Risks were assessed by focusimg the Safety Risk Managemef8RM) pillar of the SMS (Safety
Management Systn) process. Thigffort (1) identified hazards related to the operation of sUAS in
BVLOS, (2) offeed a preliminary risk assessment considering existing controls, and (3) recommended
additional controls and mitigations to further reduce risk to the loprastical level.Within both ground
and airborne based DAA systems, hazards generally coalesced into four components (1) Level of
Autonomy, (2) Hardware, (3) Software, and (4) Sensor. Risks for nearly 250 hazards were identified within
this architectug of system states, classified, and offered some degree or method of mitigation. Of the four
primary DAA components identified, hazards related to sensor systems were the most numerous at 102,
followed in decreasing order by those related to softwarelwaae, and level of autonomy. Following
implementation of recommended mitigations and controls, residual risks:

9 For autonomy were expected to reduce to 2 high risks, 13 medium risks, and 10 low risks.

9 For hardware were expected to be reduced to 1 highlrimedium risk, and 59 low risks.

1 For software were expected to be reduced to 1 high risk, 5 medium risks, and 49 low risks.

9 For sensor were expected to be reduced to 20 high risks, 34 medium risks, and 78 low risks.

Common mitigations that were idefigid include practical performance evaluation or equivalent, more
stringent medical standards than those established under 14 CFR §107.17 for crewmembers operating SUAS
BVLOS, system redundancy, and health monitoring of flight critical processes. Thanghalassociated

with Software Of Unknown Pedigree (SOUP) surfaced repeatedly across the software component, with
frequent reference to standards such aslB® (application of DEL78C as an existing control generally
resulted in residual risks having tlmvest likelihood but commonly high severity owing to the presence

of single point events/failures). It is noted that tha@gground/land mitigation provides an overarching
mitigation for alleviating unacceptable residual risk, but can be challergingptement.

Limited flight testing was performed in conjunction with another research project. These tests enabled
collection of data regarding well clear and DAA system hazards.
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1 Introduction

The New Mexico State University (NMSU) and University of North Dakota (UND) Alliance for System
Safety of UAS through Research Excellence (ASSURE) teams were tasked with researchingridetect
Avoid (DAA) technology in Unmanned Aircraft Syster(lUAS) that could enable Beyond the Visual Line
of Sight (BVLOS) operation afmall UAS weighing under 55 IHsUAS) within limited portions of the
National Air Space (NAS) while achieving a level of safety equivalent to manned aircraft operating in a
similar manner.The NMSU and UND ASSURE teams were tasked wadthsideringhe following research
guestions:
a) What are the requirements for an airborne or grehasbd Detect and Avoid system compatible
with SUAS (55 pounds and less) operating in limitedipost of the NAS in order for the SUAS
pilot to comply with 14 CFR 91.113 in a manner that does not increase the risk to other aircraft, or
persons on the ground, beyond that currently present in the NAS for similar manned aircraft
operations?
b) What are theequirements for a software algorithm(s), if any, to implement these requirements?
c) What are the most feasible airborne or grebhaded sensors that are capable of meeting these
requirements and are compatible with sUAS size, weight, and power (SWaPlevehdf
certification constraints?

These questions underlie a research program, with key outputs being development of DAA requirements,
standards, and, eventually, a rule set that enable BVLOS operations with SUAS. This report provides the
output of thdirst step (first project) within this overall program. The tasks, and thus output reported herein,
are divided into two primary tasks: Operational Framework and Comparison of Approaches.

2 Operational Framework

2.1 Small Unmanned Aircraft Systems Use CaselDetect and Avoid Approaches
2.1.1 Introduction
2.1.1.1 Background

The purposavas to reach out and survey the industigurrent uses of small UAS and systems to support
limited BVLOS to help inform FAA rules, regulations and guidelingdfiese current users are timest
likely source of personnel who will want to fly BVLOS in the future.

The operational framework was to be informed by an analysis of actual and proposed use cases for aviation
operations (both manned and unmanned) that are conducted primarily freorfdae to 500 feet above
ground level (AGL).An additional set of use cases that span from the surface to 1,000 feet AGL also were
to be considered.The functional and performance requirements of these use cases inform both the
functional requirementfor the UAS and the potential threat posed from other users of the operational
environment.

2.1.1.2 Assumptions and Limitations

For this effort, the research assumed the following operating limitations:
a) Day, visual meteorological conditions (VMC) operations only.
b) UAS operations will initially be limited to Class G and Class E airspace.
c) UAS operations will be conducted from the surface to 500 feet AGL, with additional evaluation of
the potential for operations up to 1,000 feet AGL.
d) UAS operations will be conductexver other than densely populated areas, unless UAS complies
with potential criteria or standard that demonstrates safe flights over populated areas.
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e) UAS will not be operated close to airports or helipodisCl ose dé i s initially
3 miles of an airport unless permission is granted from ATC or airport authdkityistance of
greater than 5 miles will be examined if needed to support an appropriate level of safety.

f) UAS operations will be restricted to within radio line of sight (RLOEa single, fixed ground
based transmitter.

g) Some safetypased design and/or configuration requirements may be specified (aircraft painted in
a highlyvisible paint scheme to facilitate identification by other aircraft, strobe lights, etc.)

h) Small UAS (slAS) are potentially designed to an Industry Consensus Standard and issued an FAA
Airworthiness Certificate or other FAA approval.

2.1.1.3 Investigative Team

The NMSU Team was led by Henry Cathellembers of the team included Stephen Hottman, PhD;
ZachariahLaRue; Alexander VanHoudt; as well as several students who supported the processing of
Section 333 data.

2.1.1.4 Report Content

The report contains the results from various data calls, all for the same information purpose. They were:
1 Initial data call
0 TAAC (Techrcal Analysis and Applications CenfeAUVSI (Association for Unmanned
Vehicle Systems International
1 Fed Biz Ops RFI
1 Section 333 Exemption Database Compilation
1 Subsequent 333 data call

2.1.2 Initial Data Call and Outcome

A request for information (RFI) on camercial SUAS use with a focus on Detect and Avoid (DAA)
procedure and technology was dispersethe FAA posted the RFI on Fed Biz Ops, and the RFI
announcement was distributed to ASSURE External Advisory Board (EAB) and then posted on the
ASSURE web siten February 122016 Additional information also was sent through TAAC List Serve

on February 162016 Fourteen responses were collected from this data €atle response discussed
information for a platform greater than 55 Ib@ne response discusksimformation on sensor technology
independent of any sUAS platformiwo responses discussed operations outside of theldrsresponses
discussed sUAS operation for various purposes within the Th8se 10 responses listed broad use case
information,and little information on DAA technologyDAA procedural and technology description was

di scussed to varying degrees ranging from being
homed functionality wit hy Detegtianrpcetiure waspliscassel on@ seb A A
andavoid level tasked to the PIC and the visual observ&dslitional details on the results are provided
below Table 1.

de

pr
T
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Table 1.Results of initial data callThe Xs indicate that the respondent provided data for this categbey.dash
indicates the respondent did not provide data for this category.

Respondent sUAS Use Case Detect and Avoid
ModernTechnology Systems, Inc. X -
Insitu X (Performance Data) -
NMSU/PSL X X (T&E Data)
Alexander Technical Coordinators - (No Systems) - (No Systems)
IMSAR - X
Dynetics Inc. - X
Gryphon Sensors - X
ADS - N/A
Danish Ministry of Environment and Food N/A N/A
Kurzprofil N/A N/A
VideoBank - (Tool Only) N/A
USDA X -

From the initial RFI, 10 UAS use cases were received. Six were received from NMSU/PSL, while one was
received from Modern Technology Systems, one from the United States Department of Agriculture
(USDA), and two from Insitu. Six of these cases were exasnpl fixedwing aircraft, while two were
helicopters and two were quadcoptersdpters). Eight SUAS were representeih weight ranges from

1.5 Ibsto 40 Ibs. One nesBUAS was represented, with a weight of 79 Ibs.

Typical uses for the systems werapping, land/area monitoring, and straijhé inspection. Typical

flight patterns varied for the different wuses. N
flight pattern (i.e., a progressive baakdforth pattern, much like mowing avia), while straighline

inspections used a linear flight path along whatever was being inspected.

Use cases reported operating altitudes between 50 and 700 feet AGL. The most typical operating altitudes
were between 50 and 100 feet AGL.

Usecase airspeds ranged between 6 and 33 knots, with an average speed of around 12 knots.

No use case reported actuafflight climb or descent rates. However, Insitu reported climb rate figures
(varying with payload, etc.) for the sSUAS included in their report.

Nouse case included detailed DAA information. Il ns
sUAS (SenseFly eBee) used by NMSU PSlLarkdlisoni n man
avoidanceodo as a f eat ur eotherbyASrepdrtecchas DAA inforrgation feadilyo d et
avail abl e. (Use cases do not include any infor maft
no information).

Detect and Avoid technology was discussed by seven separate é&néifl€3; Dyneics, Inc.; Gryphon

Sensors, LLC; Honeywell; New Mexico State University; IMSAR; Echodyne; ai@ulbed. Their
information is sorted into GrourBased as well as Airborne/Mixed Detect and Avoid systems. Ground

Based DAA systems included submissions by Alich used a VUSIL computer program that senses
surrounding air traffic and displays it to the pi
program indicates conflicts and possible avoidance maneuvers on a separate display. Hglatest

been done with simulations and manned aircraft, and the concept was validated internally.
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Dynetics, Inc. reported use of a GroundAware Radar, which is technology that can track sUAS, people
beyond 2 km, and vehicles to >3.5 km within 120° FOVisTisplay also can be integrated with optical

and thermal camera data. Alert zones indicated in the display notify the user of threats based on location,
heading, and classification, and automatically slew the camera in that direction. When multipteé gro
based sensor units are deployed, it gives the user a 360° view.

Gryphon Sensors, LLC reported the use of singtiar detection ranges of DJI Phantom sized targets from
6-8.5 km, and small, manned targets frora205km.

Honeywell reported the use ohultiple sensors and sensor types, which integrated data into DAA
algorithms. SAAP (the technology indicated) has the capability of integrating and using threat declaration
and resolution logic algorithms. SAAP reportedly can operate with different oatidris of cooperative

and nonrcooperative sensors and tracks threats detected for the user.

New Mexico State University reported test data on the Raytheon Sentinel Radar with hot air balloons,
gliders, and UAS. Airborne/Mixed DAA Systems included: ansission from IMSAR, which discussed

a miniaturized radar system with reduced weight and power requirements. This system was described as
unique technology to obtain a wide FOV.

Echodyne reported on their MESA technology miniaturized radar that elestrically steers the radar
beam without phase shifterBetails on this system, however, were not yet made public.

R-Cubed reported the use of integrated raddafger UAS (greater than 55 lhsiowever, its functionality
and display included coopenatinorricooperative tracking, collision avoidance, weather, ground mapping,
synthetic aperture radar, and a moving target indicator.

NMSU reported test data on EO, IR, Radar, and acoustic DAA technologies (greater lthste £8d).

2.1.3 Analysis and Outcomef 333 Dockets B&ta

Based upon the | imited response to the HAinitialo
information from the publicly posted 333 exemptions granted by the F&ver 5,400 individual

applications were investigatedA significant number of the exemptions granted included only general
information on specific use cases, and included no DAA procedural or technological information beyond

what is given within the allowances provided by a 333 exemp#odatabase of applicantgeneral uses,

specific uses, sUAS platforms approved per applicant, and point of contact inforpetiapplicant was

developed.

To understand the data that were acquired from the 333 Exemptions, defined uses were created to sort each
docket by businesasse. Eleven general uses were identified, specified as follows:
Aerial Data Collection

Aerial Photography/Videography

Aerial Surveying/Mapping

Agriculture

Emergency Services

Flight Training/Education

Inspection

Marketing

Research

Search/Rescue

Surveillance/Monitoring, etc.

=8 =4 =8 -8 -8 -8 889919
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2.1.3.1 Use Case Definitions

Where possible, these general uses were broken down further into more speaitegpbies of their

respective general uses. This allowed for the collection of a greater amount of informationfinitende
of each general use is provided below along with the listing of their respecticateglories. The detailed
definitions of each of the suiategories appears in Appendix A.

Aerial Data Collection: Use cases that are either described simpiyAse r i a | Data Coll ecti
a very similar description), or can most accurately be described as a use involving the collection of data by
means of sensors or camerashbon ar d of the sUAS. Separate fro

Surveying/Mappingy AAgricul ture, 0 Alnspection, 0 and fAResea
not necessarily specific as to what datacollected, and what purposes the data will be used for.

- Aerial Data Collectioni Construction/Mining

- Aerial Data Collectioni Environmental

- Aerial Data Collectioni General

- Aerial Data Collectioni Insurance

Aerial Photography/Videography: Us e cases t hat ar e either d
Photography/ Videographyo (or havi ngelydbe descnbgdas i mi |
a use involving the collection of pictures and videos for no other obvious or implied reason than to have
the pictures or videos taken in the applications listed below.

- Aerial Photography/Videographyi Closedset filming

- Aerial Photography/Videography i Construction

- Aerial Photography/Videographyi General

- Aerial Photography/Videography i NewsGathering

- Aerial Photography/Videographyi Outdoor Activities

- Aerial Photography/Videographyi Real Estate

- Aerial Photography/Videography i Wedding

e
a

Aerial Surveying/Mapping: Use cases that are either described
(or having a very similar description), or can most accurately be described as a mapping or surveying
operation for various purposes.

- Aerial Surveying/Mapping i Agriculture/Mining

- Aerial Surveying/Mapping i Construction

- Aerial Surveying/Mapping i Engineering

- Aerial Surveying/Mapping i General

Agriculture : Use cases that are either described si mpl
descriptian), or can most accurately be described as a use involving the collection of data for agricultural
purposes.

- Agriculture 7 Crop Monitoring

- Agriculture 17 General

- Agriculture T Precision Agriculture

Emergency ServicesUse cases which are either describedsp | v as A Emer gency Ser vi
very similar description), or describe a use case that can be described as aiding police officers, firefighters,
medical services, etoor in the investigation of areas that are too dangerous to put a humarinbfging
investigative purposes.

- Emergency Service$ Crisis Response

- Emergency Service§ General
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- Emergency Service$ Investigate Hazardous Regions

Flight Training/Education: Use cases which are either described
(or having a very similar description), or describe a use case involving the training employees, students, or
other users in the operation of SUAS technology, and/or procediuss.cases involved in educating
individuals on sUAS principles, or in demoraing concepts in mathematics and sciences which can
demonstrated by sUAS technology.

- Flight Training/Education i Education

- Flight Training/Education i General

- Flight Training/Education i sSUAS Training

Inspection: Use cases that are either descrited mp|l y as Alnspectionod (or
description), or that describe a use case involving the inspection of different kinds of structures or areas for
safey, upkeep, maintaining of, etc.

- Inspectioni Communications Structures

- Inspectioni Construction

- Inspectioni General

- Inspectioni Insurance

- Inspectioni Oil/Pipeline

- Inspectioni Power plants

- Inspectioni Real Estate

- Inspectioni Structure

- Inspectioni Wind power

Marketing : Use cases that are either dng @ overyi dimdlar s i mp |
description), or describe the capture of aerial images and videos for the express purpose of using these
images and videos for the marketing of a business, product, or service.

- Marketing 7 Aerial Images

- Marketing i General

Multiple Appli cations Use cases which are either described s
a very similar description), or have been cleared for more than one general use case.

Research Use cases which are eit her atgegysimilaridéseigtiom,i mp |l y
or describe a use involving imaging and data collection distinctly for scientific research purposes.

- Researchi Academics

- Researchi Development

- Researchi General

- Researchi Market

- Researchi Operations

- Researchi Product Teging

- Researchi Transportation

Search/Rescue Use cases that are either described si mpl
where a sUAS platform would be used to aid in various search and rescue operations.

Surveillance, Monitoring,etc. Use cases that are either described
or having a description that can be categorimeisimilar fashion.

- Monitoring 7 Environmental

- Monitoring T General

- Monitoring T Legal



The FAA's Center of Excellence for UAS Research

RASSURE

- Monitoring T Safety
- Monitoring T Security

From the data collected, Aerial Photography/Videography had the most use casesexgr8ftion

holders, with 13,262 use cases granted between September 2014 and June 29, 2016. The other most
common general use cases included Inspection (7596), AeriaeyswgMapping (4116), Flight
Training/Education (2399), and Search/Rescue (1917).

2.1.3.2 Section 333 Analysis and Outcome
2.1.3.2.1 Date Trends

The granted 333 exemptions were analyzed by date of posting, and then broken down into their respective
general uses toeflect the trends of general use requests from September 2014 to June T2046.
information is represented in the cumulative distribution functions is. Eignd 2. Thesedata weresplit

into two separate figures so as to have appropriatgi¥ scaling for the general use requests
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Alliance for System Safety of UAS through Research Excellence

Monthly Running Total of 333 Exemptions by Use Case Pt. 1
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Figure 1. Exceptiongranted by month-CDF.
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Monthly Running Total of 333 Exemptions by Use Case Pt. 2
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2.1.3.2.2 UAS Cateqgories

The total number of use cases collected (where a use case consists of an individual request for a specific
UAS or a request to use all UAS on the Fapproved list) is 36,826 A total of 5,553 dockets were
processed.

The data were analyzed to discovewhoany use cases requested different categories of UAS, which are
depicted in Table 2.

Table 2. Types of UAS requested

UAS Type Number Requested

Fixedwing 818
Helicopter 21
2-copter 17

4-Copter 6586
5-copter 4

6-copter 726

8-copter 879
12-copter 9

All on Preapproved list 1899

Unknown/Proprietary/ etc. 273

AUnknowno U Aa8 caiegory for UAS that Have little data easily available for identification
these UAS could be proprietary, oror exampl e, have poor manufacturer

The known UAS systems that were identified in exemption requests were analyzed to discover how many
models were present of each broad type (e.g.,fied, helicopter, etc.) (Table 3).

Table 3. Types of UAS

UAS Type Platforms Classified
Fixedwing 52
Helicopter 15
2-copter 4
4-copter 153
6-copter 63
8-copter 54
12-copter 2
Unknown models 146
Total UAS systems: 489
The Aunknowhablmed&|l soughly correspond to the Aunki
2.1.3.2.3 Broad Usage Reqguests
During the data analysis process, the data were s
Use Totals, o0 and @ MulAdogket &b eGesrde raasl fAUXxnee TQetnaelrsa. 1o L

defined as a 333 exemption that was granted for only one of defined general use cases, a docket labeled as
AMul ti ple Gener al Use Totalso was defined as a 33

10
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usecases and the data used in the AGrand Total so tabl
Total so and the AMultiplTheGdnetahctUsenTbealveént 6@
AMul ti ple General Us e s 0 wfa383 appticants mequesting lexergptidn ifog h t  t
several unrelated general use cases, and to draw attention to the trend in the data that showed exemption
holders that only applied for clearance for one generahngdgypically requested clearance for use fram

smaller number of general use categories (namely Aerial Data Collection, Aerial
Photography/Videography, Aerial Surveying/Mapping, and Inspection).

The data were analyzed for both general and more specific use Eashs333 Exemption required a usage

in the application. These requestespecific usages were sorted into broad categories of usage for the
database, then further into narrower categories for medepth analysis.These data are sorted into the
definitions described earlierThis tabula information is represented ifable 4and in Fig. 3, 4, and 5
below.

11
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ONE | MULTIPLE

TCC;)F'T'%LISD GENERAL | GENERAL
— USE USE
AERIAL DATA COLLECTION 1865 437 1428
Aerial DataCollection- Construction / Mining 62 26 36
Aerial Data Collectior Environmental 199 20 179
Aerial Data Collection General 1518 367 1151
Aerial Data Collection Insurance 86 24 62
AERIAL PHOTOGRAPHY/VIDEOGRAPHY 13262 3081 10181
Aerial Photography/V|deograph5CIcl):?|?ndiizt 1630 329 1301
Aerial Photography/VideographyConstruction 951 199 752
Aerial Photography/VideographyGeneral 6128 1648 4480
Aerial Photography/VideographyNewsGathering 683 47 636
Aerial PhotographledeographyOl_Jt_d_oor 279 a1 238

Activities

Aerial Photography/VideographyReal Estate 3336 773 2563
Aerial Photography/VideographywWeddings 255 44 211
AERIAL SURVEYING/MAPPING 4116 285 3831
Aerial Surveying/Mapping Agriculture/Mining 931 44 887
Aerial Surveying/Mapping Construction 116 14 102
Aerial Surveying/Mapping Environmental 88 11 77
Aerial Surveying/Mapping General 2981 216 2765
AGRICULTURE 1437 84 1353
Agriculture- Crop Monitoring 197 15 182
Agriculture- General 752 29 723
Agriculture- Precision Agriculturg 488 40 448
EMERGENCY SERVICES 720 52 668
Emergency ServicesCrisis Respons 254 37 217
Emergency ServicesGeneral 443 4 437
Emergency ServicednvestigateHazardous Region 23 11 14
FLIGHT TRAINING/EDUCATION 2399 29 2370
Flight Training/Education Education 404 2 402
Flight Training/Education General 36 9 27
Flight Training/Education SUAS Flight Training 1959 18 1941

12
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Table 4continued.

INSPECTION 7596 675 6921

Inspection- Communications Structur 282 22 260
Inspection Construction 679 52 627
Inspection General 3863 253 3610
Inspection Insurance 153 23 130
Inspection Oil/Pipeline 417 36 381
Inspection PowerPlants 575 98 477
Inspection Real Estate 401 47 354
Inspection Structure 951 109 842
Inspectiorn Wind Power 275 35 240
MARKETING 496 18 478

Marketing- Aerial Imaging 5 5 0
Marketing- General 491 13 478
RESEARCH 1327 149 1178

Research Academics 90 11 79
Research Development 271 12 259
Research General 743 68 675
Research Market 12 0 12
Research Operations 120 41 79
Research Product Testing 17 6 11
Research Transportation 74 11 63
SEARCH/RESCUE 1917 19 1898
Search/RescueGeneral 1917 19 1898
SURVEILLANCE, MONITORING, ETC. 1691 69 1622
Monitoring - Environmental 702 2 700
Monitoring - General 459 2 457
Monitoring - Legal 30 1 29
Monitoring - Safety 160 53 107
Monitoring - Security 340 11 329

13
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Alliance for System Safety of UAS through Research Excellence

333 Exemptions Granted by General Use Case: Sep. 2014 -
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Figure 3. 333 exemptions granted by general use case: Sep.20i# 2016.
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Figure 4. 333 exemptions granted for single types of uses: Sep.i20a4. 2016.
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333 Exemptions Granted for Multiple Types of Uses: Sep.
2014 - Jun. 2016
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Figure 5. 333 exemptions granted for multiple types of uses: Sep. 20w4. 2016.

2.1.3.2.4 Use by UAS Type

The uses of each exemption were analyzed further by first siegatat broad types of UAS (e.g., fixed

wing, helicopter, etc.), then by the usage request categories. That is, researchers checked how many
requests in each use case category there were for each broad type of UAS. The following data are presented
in Tade 5.

The sUAS data were analyzed by manufacturer. Each known model was classified by type and
manufacturer. There were a large number of manufacturers. The table that summarizes this information is
included in Appendix B. It makes explicit how marfitiee categorized platforms are manufactured by any
particular company, as well as how many categorized platforms of each type of UAS (i.ewifiged
helicopter, etc.) are manufactured by a particular company.

15
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Table 5.Use by UAS type.

Fixed-wing | Helicopter | 2-copter | 4-copter | 5-copter | 6-copter | 8-copter | 12-copter | FAA List | UNCL
Aerial Data 60 0 2 281 0 27 46 0 70 13
Collection
Aerial 42 6 1 1766 0 176 213 7 467 57
Photography /
Videography
Aerial Surveying 101 1 0 132 0 17 21 0 62 9
Mapping
Agriculture 42 0 0 19 1 9 4 0 5 5
Delivery 0 0 0 0 0 0 0 0 0 0
Emergency 5 0 0 39 0 10 3 0 3 0
Services
Flight Training / 23 0 0 32 0 3 6 1 5 3
Education
Inspection 13 2 4 241 0 37 39 0 61 13
Marketing 0 0 0 20 0 0 1 0 7 1
Multiple 499 8 9 3913 3 428 521 1 1193 159
Applications
Research 17 1 1 88 0 15 14 0 17 9
Search / Rescue 3 0 0 14 0 1 1 0 4 2
Surveillance, 13 3 0 41 0 3 10 0 5 2
Monitoring, etc.

16



The FAA's Center of Excel

XAS

lence for UAS Research

> URE

2.1.4 Section 333 Use Case/DAA Data Call

Approximately 4,500 333 exemptidmolders were contacted by email with a similar message to that sent
out in the FEDBIZOPS data call. The responses appear in Appendix C. The responssfztired
but otherwise unedited responses from the exemptlaters. Some of the responses included information
in all the categories requested (very detailed responses) while others included information but not in all
categories requested (less detailed responses). The descriptive categories provided fepeash re
include the following:

Location

Platform

Takeoff Time

Flight Duration

Key Altitudes

Airspeeds

Climb / Descent Rates

Flight Patterns

Below is a short listing summary of the types of responses received. (Full responses are presented in
Appendix C.)

2.1.4.1 Very Detailed Responses

A & R Video. POC: Andrew Sommer,asommer@arvideo.com
Monthly construction photography on primarily linear construction projects such as road
widening, drainage improvements, water andesdime installations.

Empire Unmanned. POC: Joseph Stewartipseph.swart@adavso.com
Application: Agriculture
Application: Mining
Application: Aerial Surveying
Application: Classification and Species Idéonation
Application: Sawmill Inventory
Application: Fire Fighting
Application: Real Estate

Boulder Emergency ServicesPOC: Steve Lanaghenstevelanaghen@boulderrescue.org
Search and Rescue

Kansas State University. POC: Travis Balthazorravisb@ksu.edu
Varied use cases

2.1.4.2 Less Detailed Responses

Delta Southern UAS. POC: Preston Whitepreston@deltasothernuas.com
UAS in agriculture to determine plant health, in law enforcement to get a usable image for planning
purposes, for disaster relief and search and rescue by providing EMS with an up to date image of
the affected area

Mike Knudsen Photography. POC: Mike Knudsen, mike @mikeknudsenphotography.com
Primarily for real estate work

SurvTech Solutions. POC: Jordan Kowenskijkowenski@survtechsolutions.com

17
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Surveying, Photogrammetry, Mapping
Rapid Aerial LLC. POC: Matt Roderick, matt@rapid-aerial.com

Rural utility line and substation inspections
Photogrammetric Surveys

DuPage County, lllinois. POC: Lucy ChangJucy.chang@dupageco.org
Currently, the UAS is primarily used to inspect County flood control facilities and capture
photographs and video footage from high elevatimn use in County publications, presentations,
and technical reports. Plan to expand the use of the UAS to include the monitoring of wetlands in
locations that are difficult to access on foot, and monitor water quality at storm sewer outfalls.

SelectTeh GeoSpatial. POC: Frank J. Beaforefbeafore@sgamf.com
Varied with development of UAS as a driver

Forza RPV. POC: Gil, gil@forzarpv.com
SUAS powerline inspection pragm

Atlanta Drone Operations. POC: Pete Wambolt,pete@atldrone.com
Variety of different operationsMost of our uses are for aerial gbgraphyvideography.Also
have done work with 3D mapping and have worked éew shoots for up and coming TV
shows.

JimmyC LTD. POC: Jimmy Clark, jimmyclark@usa.com
Insurance building damage assessment post catastrophic event such as earthquake, hurricane,
tornado, explosion and flood

Trans-Global Production. POC: Bob Bailey,bbailey@cableone.net
Video of an auto dealership showing aerial view of dealership buildings and inventory
Video of golf course property showing buildings, wdtarards and fairways/greens
Video of a tennis tournament in progress
Aerial shots of the Christmas parade
Video at our local football stadium, of the high school graduations

Several responses that included complete data to the RFI were reddieagspnses were first sepaea

into two primary categorié$ixed-wing UAS and multicopter UASOnce separated, key quantitative data
points were analyzed for differenceBhese data points were average flight duration (in minutes), average
flight altitude (n feet above ground level), and average airspeeds (in miles per hour). The data are presented
in Tables 67.

Table 6. Multicopter characteristics.

Flight Duration Flight Altitude (Feet Speed (MPH)
(minutes) AGL)
Mean 20.34 154.31 17.97
Standard Deviation 11.29 77.09 11.57
Median 17.50 110 20.13

18


mailto:matt@rapid-aerial.com
mailto:lucy.chang@dupageco.org
mailto:fbeafore@sgamf.com
mailto:gil@forzarpv.com
mailto:pete@atldrone.com
mailto:jimmyclark@usa.com
mailto:bbailey@cableone.net

The FAA's Center of Excel

XAS

lence for UAS Research

> URE

Table 7. Fixedwing characteristics.

Flight Duration Flight Altitude (Feet SpeedMPH)
(minutes) AGL)
Mean 41.43 342.33 39.98
Standard Deviation 17.79 112.00 13.68
Median 50 360 46.98

While there is not enough data to accept these numbers as representative, there is a clear divide in the usages
of multicopter and fixeaving UAS. Average flightduration, flight altitude, and speed of fixadng UAS
are all nearly double that of the respectagegories for multicopter UAS.

Qualitative data about flight patterns used was also summaitftzad.general patterns were categorized

e | o n g apatterhs, érassigrid patterns, linear flight, and hovering/circling a target/object. The data are
provided in Tabls8-9.

Table 8. Flight patterns.

Multicopters FixedWing
S-Pattern 4 3
Cross/Grid 7 2
Linear 4 1
Hover/Circle 8 0

The received data show a clear pattern evident in the Section 333 requests: There are far more multicopters
in use than fixedving aircraft, and realvorld flight patterns and parameters show differences in the two
primary categories.
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DJI Phantom 2

State and Idahc

Dependent on client's needs

Platform Location Takeoff Time Flight Duration
Typically 1- 6 flights in a day lasting 412 minutes
Tarot 650 Quad | Florida Usually Mid toLate Afternoon each, with the longest lasting up to 20 minuteg
Typically 1- 6 flights in a day lasting 412 minutes
Tarot 690 Hexa Florida Usually Mid to Late Afternoon each, with the longesting up to 20 minutes
Washington
Sensefly eBee Ag | State and Idahq¢ Dependent on client's needs 15- 30 minutes
Washington

15- 30 minutes

Boulder Most flights around noon, though some start

DJI Phantom 2 County, CO early as 09:00, and some start as late as 17:0( 1 - 29 min with an average of 14 min
Boulder Most flights around noon, though some start

DJI Phantom 3 County, CO early as 09:00, and some start as late as 17:0( 1 - 29 min with an average of 14 min
Boulder Most flights around noon, though some starf

DJI S1000 County, CO early as 09:00, and some start as late as 17:0( 1 - 29 min with an average of 14 min

DJI S1000+ Central Kansas| Typically close tasolar noon 22-28 min

3D Robotics Aerg

(built by Kansag

State) Central Kansas Typically close to solar noon 40- 55 min

3DR X8+ Salina, KS During daylight hours 18- 25 min

DJI S1000+ Salina, KS During daylight hours 18- 25 min

DJI Inspire Salina, KS During daylight hours 18- 25 min

PrecisionHawk

Lancaster MKIII Salina, KS During daylight hours 40- 55 min

3D Robotics Aerg

(built by Kansag

State) Salina, KS During daylight hours 40- 55 min

3D Robotics Aerg

(built by Kansas

State) Central Kansas Typically close to solar noon 40- 55 min
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DJI Inspire

Central Kansas

Typically close to solar noon

18-22 min

Sensefly eBee; DJ

Mississippi

Usually roughly 10 min, but can last up to 40 n

S900 Delta During Daylight Hours depending on the wind
Residential
neighborhoods
and  busines

DJI Phantom 2+ V3 complexes Typically between 9am and 7pm > 20 min

Non-specified

QuadCopter Southeast US | During Daylight Hours 15- 100 min

Nonspecified Fixed

Wing Southeast US | During Daylight Hours 15-100 min
Southwest

DJI Phantom 3 Pro| Idaho Typically between 10am and 12pm local 10-20 min
Southwest

DJl Inspire 1 Pro | Idaho Typically between 10am and 12pm local 10-20 min
Dupage

DJI Phantom 3 County, IL Varies 4 flights at a time of upo 15 min
Springfield,
OH

Not specified Not specified | Not Specified Not specified

DJI  Phantom 3 In and around Most flights take place between 10am and 4

Professional Atlanta, GA though some will happen later for artistic reas¢ Around 15 min with 5 10 flights in total
In and aroung Most flights take place between 10am and 4

DJI Inspire Atlanta, GA though some will happen later for artistic reasq Around 15 min with 5 10 flights in total
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Anywhere in
the United

DJI Phantom 3 States Daytime business hours 15- 60 min
Anywhere in
the United

DJI Phantom 2; States Daytime business hours 15- 60 min
Midland /

DJI  Phantom 3 Odessa, TX

Professional area During daylight hours Up to 20 min
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2.1.5 Fed Biz OppPata Call
The Fed Biz Ops data call was released by the FAA.

The overall response to the Fed Biz Ops was not rot&mmne of the responders also included proposed
enhancements to the current technology for use\Wy@5 operators in the futureThe sumnary list of
responses included the following:

Stinger Ghaffarain Technologies (SGT)
SGT provided a proposed grouhdsed detect and avoid (GBDAA) technology. SGT also
proposed a concept of operations (not an actual use case), for use in Class G airspace

SoHaR Incorporated
Provided a proposed salénsing error process for flight platforms.

Gryphon Sensors
Provided information on theoretical GBDAA technology, the costs and benefits of that technology,
and some details on the TRE@ GBDAA sensor whichan detect a DJI Phantesized obstacle
from 6- 8.5 km away, and small manned aircraft frori20km away.

Harris Corporation
Provided general information on its DAA systems.

Thales Defense & Security
Described a grounbased, passive detection systesssentially a cloud of multiple groudzhsed
sensors that are able to detect in 3D the locations of multiple aircraft, then feed that information
into larger aircraft TCASTraffic Collision Avoidance Systensystems and/or ATC systems.

AirMap
Described sdfvare designed to aid drone operators and manned aircraft in being aware of the
otherb6s presence in airspace.

Empire Unmanned
Described several general uses of SUAS.

SRC Inc.
Descibedagroundbased DAA system.

Accelerated Development & Support (ADS)
Propsed to do the research this program is intended to ctulect use cases, evaluate DAA
technologies (botbnboard and grounbased), etc.

The more detailed responses for the above are provided below.

Stinger Ghaffarain Technologies (SGT) provides gppsed groundbased detect and avoid (GBDAA)
technology. They propose a use for this technology in rural areas with no sources of electromagnetic
interference with the operating frequencig&bfiere may be other obstacles present in these cases when they
donot interfere with the GBDAA systems, howev@me or more grountiased radar unitould bepaired

with one or more Automatic Dependent SurveillaBreadcast (ADSB) ground receivers (and supporting
equipment, such as antennae, power sources, &w)data from the sensors display a visual depiction of
the airspace state, with varying levels of integration of the sensed Tag.do not quantify how much

time is sufficient for completing an avoidance maneuver, and assume that this will be sopplied
determined externally.Examples of maneuvers include: Abort and return to base, Divert and loiter
(descend/ascend to a safe altitude and loiter at that location until otherwise commanded), Divert and land
(suspend current flight plan, followed by a cest at the maximum descent rate from wherever located),
Land immediately, Terminate into an uncontrolled drop.

SGT also proposed a concept of @tens (not an actual use cak®)use in Class G airspach addition
to ddection technology andvoidancemaneuvers, SGT proposes crew and procedures involving:
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Supporting logic for decisiemaking, which can be automatic, procedural, or experibased; Possibly

one or more visual observers (VOS), to provide supplementary surveillance in theoraglaf silence; A

suite of conflict resolution and avoidance procedures/maneuvers, issued under the direction of a single
safety authority charged with safalated decision making and establishment of contingency procedures

to address emergencies arggfrom a compromise of the GBDAAstem; Supporting crew membength

the appropriate procedures, suitably trained and equipped to operate the system.

SoHaR Incorporated provided a proposed-seifsing error process for flight platforms. The-selisng
process attempts to determine the discrepancy between a location that a pilep(@nmpee flight plan) is
trying to place the platform, and the actual location of the platform it3&lifs proposed technology can

do this whether the error is caddgy hardware, software, tireenvironment.The proposed system detects
any error between the intendedtss of the platform by the Pihd the actual status of the platform itself,
and direcs the platform to its intended locatioMo avoidant methodsre discussed. The intended process
is to bring the output from the platform into agreement with the command from the T@. is
accomplished by feeding back a representation of the output and subtracting it from the comihgand.
difference betweerhe two is the error signal that is used by the process to bring the output into closer
agreement with the comman@®eterioration, such as friction of an output element, will cause an increase
in its value. Monitoring of the error signal can provide infioation about: overall health, type of anomaly
(can distinguish between friction, backlash, or electronic causes), and prognostics.

Gryphon Sensors provided information on theoretical GBDAA technology, the costs and benefits of that
technolog, and some dails on the TRL® a GBDAA sensor which can detect a I[DBhantomsized
obstacle from 8.5 km away, and small manned aircraft froma208km away. It is capable of detecting
hundreds of targets simultaneously and presents the information to the PIC imaC&thernet interface

with customizable output. No avoidant methods are discussed, however the information on the benefits
and drawbacks of GBDAA technology, such as a smaller range feifyimg aircraft, an ability to track
multiple platforms at a tien (thus reducing cost), a reduced operating weight for the platform, and its
inappropriateness for long endurance fligints provided

Harris Corporation provided general information on its DAA systeifisey synthesize redgime, FAA

derived ADSB data (enroute and terminal secondary surveillance radars, airport surface detection
equipmentX band, Wide Area Multilateration, and flight plan data) to feed their Symphony line of
platforms. With the given information provided for their Symphony line, tligangeVue system easily
incorporates additional surveillance sources, including 4ty inputs; it conducts centralized DAA
processing based on available input sources and trajectory predictions, and issues alerts, warning, and
maneuver guidance to tiC.

The response from Thales Defense & Security described a gbawsed, passive detection systém
essentially a cloud of multiple groufihised sensors that are able to detect in 3D the locations of multiple
aircraft, then feed that information intarger aircraft TCAS systems and/or ATC systems.

The response from AirMap described software designed to aid drone operators and manned aircraft in being
aware of the ot herThessoffware apears te aldrt iJASausarssopEeaximity

manned aircraft through the use of flight tracking via Faiorensional flight tacking, calculated from a

UAS user or FAAfiled flight plan (no active tracking).

The response from Empire Unmanned described several general uses offSiA&ses utilize fixed

wing aircraft. These cases use the SenseFly eBee Ag. The first case was to collect images of fields for
farmers to improve their practice3.he second case was to help mining operations calculate \@bfme
gravel piles, map terrain, and surveyhe third case was to survey engineering installatidrise fourth

case is to collect spectraifijtered images to identify aquatic planthe fifth case was to collect images
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to aid a sawmill in calculating log stockpilesThese use cases all usadcombination of elongated
serpentine and crogmttern flight patterns.

Two additional cases each used the DJI Phantorh@ first case was used for pdise damage assessment

of a forest fire. The second case was for video collection of real eftateommercial promotion.The

response notes in particular this case was primarily reserved for large, secluded estates due to the rule of
5006 s epar aparticipants. Neittemof thesencases used a particular flight pattdroth were

flown asnecessary.

The response from SRC Inc. describgpoundbasedAA system The systeniooksat mul t i pl e A st
of airspace (operational volume, where the UAS can be; Declarational volume, encompassing the
operational volume and the edges of whereothee r at or shoul d be advised of
and site surveillance volume, which encompasses the two smaller levels and is far larger thabsittiger).

a variety of sensors, the system detects and classifies the UAS and other aintiadt thécUAS operator

as necessary and recommending a course of action to ensure all aircraft maintain safety.

The response from Accelerated Development & Support (ADS) proposed to do the research this program
is intended to dd collect use cases, evale DAA technologies (botbnboard and groundased), etc.

2.1.6 Summary

The NMSU ASSURE team has gathered a database of general use cases from a Fed Biz Ops RFI, as well
as an investigation of 333 exemption requests. Personalized requests for more débgaitedion have
been written, and have been sent to 333 exemption holders.

2.1.6.1 sUAS RLOS Limitation Assessment

Within the individual example use cases provided in the individual 333 exemptions that were investigated,

very few instances are given whereasUASpt f or mé6s capabilities outside
exemption are discussedranges that are listed in the database are typically limitations given by the
manufacturer]l n t he manufacturersoé given awagagpdrentovhat i on s
the I imiting factor is in the platformsdé range (
However, in the instances where the effective distance in which the controller and sensors can communicate
was given, a range ¢d 500 m to 50 kmvas provided Most of these cases can be placed into one of two
categories: (1) those where the platformbs contro
those where the platfor mds feffeativie coonminieationiupsto 3 kmst ed @
(usually with an explanation that this maintains FCC compliarlogdertain uses, manufacturers mention

that the range can be extendebughthe use of relays.

2.1.6.2 sUAS RLOS Boundary Recommendation

These rangémitations vary widely (ranging from 59 m to 265 km dependent on the platfdtng.not

apparent from most of the descriptions listed in the 333 exemption applications when or how often the
SUAS platforms are being used to their full range (or clogg jast as it is not immediately apparent what
measures are being used to extend a pl atAdwith mds r a
the RLOS Limitation Assessment, most individual applications for 333 exemptions list rangel ithitat fa

one of two categories: (1) those where the platfo
km; and (2) those where the platformbés controll er
to 5 km.

2.1.6.3 SUAS Use Case Data Colléon/Analysis
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164 unique, specific use cases were identified out of the applications for 333 exemptions investigated.
These specific and unique use cases were grouped into 16 general use case calbgsagesategories
included the following

Aerial Data Collection Marketing

Aerial Photography/Videography Multiple Applications

Aerial Surveying/Mapping Real Estate

Agriculture Research

Delivery Search/Rescue

Emergency Services Surveillance/Monitoring, etc.
Flight Training Training/Education
Inspection/Maintenance Utility

2.2 Radio LineOf Sight (RLOS)
2.2.1 TestPlan
2.2.1.1 Introduction

Aradio lineof-sight (RLOS) range that may be achieved in applications of small unmanned aircraft systems
(SsUAS) was developed. Propagation is modeled usingi¢fieespected LongleRice Irregular Terrain

Model (Longley and Rice 1968), which was developed by the U.S. Department of Commerce in 1968. The
test plan will address data collection in a test setting to validate the developed model.

This test plan willevaluate and analyze the variances between the LoeRibey model with terrain,
Longley-Rice model without tefimin, and field truth measuremeimsa reaiworld setting A simplified

model without terrain would be more easily incorporated into an aperslis saf ety gui del
operational distances could be incorporated agmnauticatharts and tables rather than requiring field

access to a complex computer model. The intent of this test plan is to determine if this concept of simplified,
tablebased flight safety criteria, would be a valid option in the development of safety reguatbn

guidance for sUAS operations.

A number of factors affect the modeled RLOS range, including the following:
Terrain

Weather

Frequency in use

Antenna gains ahe ground station and the aircraft

Transmitter power

Receiver sensitivity

= =4 =8 -8 -8 =9

RLOS operation of small unmanned aircraft systems (SUAS) seems practical over distances of a few miles
in mountainous terrain, and up to greater than 50 miles over flat tefrh@ngreatest ranges are achieved
when using a higigain antenna at the ground control station, but this may require actively steering the
antenna to track the UAS in flight.

Popular radio frequencies for the control link include the 433 and 900 MHz hasa2l4 GHz bands,
where both licensed and unlicensed operations are possible. Achieving the benefits offered-ggia high
directional antenna, however, will usually require the operator to be licensed by the Federal
Communications Commission (FCC) ateduse a frequency outside the unlicensed Industrial, Scientific,
and Medical (ISM) bands.

2.2.1.2 Model Assumption
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The test plan will address aspects of the model in aveddl setting.

2.2.1.2.1 Line of Sight Radio Propagation

Line-of-sight radio propagation can b@deled in four regimes, of increasing range:

1 Free space, where the range is so short that only the direct path from the transmitter to the receiver
is important.

1 Two-ray, which extends beyond the free space regime to the geometric horizon. In therigege
the received signal is modeled as a direct ray plus a ray reflected from the terrain.

9 Diffraction, which models radio energy that is diffracted by the terrain for some distance over the
horizon.

9 Scattering, which extends beyond the diffraction range

The RLOS range limit for SUAS applications typically will fall in the tvay or the diffraction regime,
depending on the characteristics of the radios and the terrain.
2.2.1.2.1.1 Geometric Line of Sight

The first step in bounding the RLOS range for SUAS is terd@ne the horizon distance. This is the range
beyond which diffraction becomes important. Thaation is illustrated in Figb.

Figure 6. Horizondistance overrregularterrain

Here, hiis the elevation of the antenna at the Ground Control Station (GGB)tie altitude of the UAS,

and d: and d: are the distances from each to the highest point of the intervening terrain. The geometric
LOS (Line of Sight)range is d= d.;1 + di2. From the figure, it is clear that if the UAS flies beyond this
range (at altituded it will lose the direct radio path and enter the diffraction regime.

Mathematically, we can express the geometric-difisight range din terms of the antera heights, the
effective Earthradsta,aml a t err ai n r oughne s-Ricefmadelflable D)eh, as

1To accommodate the refractive index gradient near t
commonly useda = 8497 km.
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Table 10. Terrainroughness$actor as in the Longley

Ricemodel

Type of Terrain &h in
Watery or very smooth plains 0-5
Smooth plains 5-20
Slightly rolling plains 20-40
Rolling plains 40- 80
Hills 80-150
Mountains 150- 300
Rugged mountains 300- 700

Extremely rugged mountains > 700

The horizon distances ovesmoothsurface are then

d,,, =+0002 a h,, )

from which the horizon distances over irregular terrain are computed:

_ ~0.07 AT,
dy,=d,,e

)

Antenna heights in these formulas are in metersdastdnces are in kilometers. Figure 7 shows several
cases of geometric range with a GCS antenna height of 2 m.

40
34
an

2%

20
=#=Smooth Plains

—B-Hills

Horizon Distance {mi)

Rudged Mountaing

o 100 200 300 400 400
UaY Altitude (ft)

Figure 7. Geometrichorizondistance for GC@ntenna at 2 m
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2.2.1.2.1.2 Radio Line of Sight

Actual RLOS range may be greater (or less) than the geometrizfigight (horizon) distance, depending
on where the radio signal becomes too weak. Pertinent radio characteristics include

1 Antenna gains at the GCS and UAS

1 Transmittempower

1 Receiver sensitivity

9 Frequency in use

A number of online calculators are available that incorporate the LoRgbeymodel, terrain databases,

and user entries for the radio characteristics to produce detailed coverage maps. One such ontime calcula
is offered by the Canadian Communications Research Centre (CR@p#rcov.crc.ca/main/ An
example output of such a calculator is showRim 8.

White Sands

ona‘Ana

= @3
—-— ‘@
<> Lanarl " '"’%S @
StateRark
P
\/\ Canutifo. 770, "Jl 9
: L ET
\\ - \] ? x\
® { SN \ =
Sunland Park | ?

Figure 8. Example RLOS coverage map (GCS at Las €sudirport) The red contour
surrounding the gray regions shows the RLOS range limits for one possible suite of radio
equipment.

While this level of detail may be useful locally, a general formulaifdRLOS range in terms @ hUAS
altitude, and radio specifications is required for the model.
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2.2.1.2.2 Application to SUAS

The LongleyRice report (1968) includes methods for estimating signal loss over radio paths using either
detailed knowledge of the terrgfas in Fig8) or mor e generically using a
the latter approach is combined with the characteristics of example radio equipment, generic estimates of
RLOS ranges over various types of terrain can be produced.

2.2.1.2.2.1 Typical sUAS Rudio Specifications

Common operating frequencies for SUAS are the 433 and 900 MHz bands, as well as 2.4 GHz, with 900
MHz especially common. The Industrial, Scientific, and Medical (ISM) bands at 900 MHz and 2.4 GHz
offer the possibility of unlicenseaperation:
1 The ScanEagle sUAS (Wilke 2007) is reported to have an effective RLOS rang&Gfi &t (30
60 miles) at 2000 feet altitude, when using a 900 MHz control link and a 1.8 m dish afiignna (
9).
1 An example 900 MHz industrial rad{&reewave Tealblogies 2014 offers a power output up to
1 W (30 dBm, the FCC limit), a receive sensitivity-d88 dBm, and a link range of up to 60 miles.
1 900 MHz antennas for the GCS are available with a range of antenna gains. For example, a GNS
Wireless HG918ANF dish has 18 dBi gainlg.5 verticalhorizontalbeam width), while Laird
OD9 series antennas offer omnidirectional gains of 5, 6, 8, and 11 dBi.

The antenna on a sUAS is expected to be approximately omnidirectional with a ¢adBaf

al

|

,. Aves
v bk Mk Mo bWy

Figure 9. Example dish antenna about 2 m above ground.

2.2.1.2.2.2 Weather Effects

Weather affects LOS radio links in two ways:
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1 Moisture in the atmosphere (snow, rain, or fog) and on vegetation can absorliregdency
energy, especially around 2.4 GHz. Lower frequencies experience less loss.

1 Wind does not affect the radio signal directly but can move or twist antennas. This can move the
beam of a highly directional (higain) antenna, resulting in a fluetting received signal level.
Another effect in arid areas is a builg of static electricity on antennas due to withown dust
and sand. In extreme cases, this can damage a sensitive radio receiver.

The designers of LOS radio links usually compensater

weat her effects

(i.e., raising the needed signal strength at the receiver by, for example, 15 dB).

2.2.1.2.2.3 Expected RLOS Ranges with 900 MHz Radios

by

bui

Using these examples, SUAS radio specifications and a fade margin are used to compute the allowed loss

of signal strength over a RLOS path. From this, the LorBieg model can be used to find the RLOS
range limit. Radio ranges can be evaluated usitig &dighgain and an omnidirectional (omni) antenna.

A 6 dBi omnidirectional antenna was chosen to yield 36 dBm EIRpi{&lentlsotroptally Radiated

Power), the maximum allowed by the FE&E unlicensed operation in the 900 MHz band. The link budgets

are shown in Table 11.

Table 11. Link budgets for higkgain and omndirectional antennas.

Transmit power
Transmit antenna gain
Receiver antenna gain
Receiver sensitivity
Fade margin

Allowed path loss

High-Gain Omni
30dBm 30dBm
18 dBi 6 dBi
-2 dBi -2 dBi
-108 dBir -108 dBmr
15 dB 15dB
139 dB 127 dB

RLOS range limits for higigain and omnidirectional GCS antennas at a height of 2 m are shdigs.

10 and 11respectively, as a function of SUAS operating altitude (numerical results plotted in the following

graphs are included in the Section 2.2.1.2.5). sUAS operating altitudes in all of the figures that follow are
altitudes above the nominal overflight terrégnound surfacé reference &in Fig. 6).
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Figure 10. RLOS range for 900 MHz system, higlin dish antenna
2 m above ground.
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Figure 11. RLOS rangdor 900 MHz system, 6 dBi omni antenna 2 m
above ground.

The RLOS range depends strongly on the terrain. If RLOS range is plotted versus terraies®agtime
two altitudes of interest (500 and 1000 feet above ground/nominal térraference & in Fig. 6), the

results in Figs. 12 and 13 are obtained.
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Figure 12. 900 MHz RLOS ranges terrain, highgain dish

antenna 2 m above ground.
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Figure 13. 900 MHz RLOS rangevs terrain, 6 dBi omni
antenna 2 m above ground.

Next, two alternatives to the baseline GCS setup are evaluated. First, an operator seeking extended range
might mount a dish antenna on a 5 m tower. The resulting range is compared to the rkigas4, for
aircraft altitudes of 500 and 1000 feet above ground/nominal terrain (reference heZin Fig
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Figure 14. 900 MHz RLOS range, higbain dish antenna at 5 ws 2
m.

A second alternative is a handheld controller with a 3 dBi whip antenna at 1 m above the ground, which is
compared in Figl5to the 6 dBi omni at a height of 2 m.

200
=#=1000 arnni
=8=500 omni

250

1000 whip

- =¥ 500 whip

RLOS Range (mi)
o
o

;|

=
o

a0

oo
u] S0 100 150 200 250 300

Terrain Roughness {mj

Figure 15. 900 MHz RLOS range, 6 dBi omni antenna 2 m above
groundvs 3 dBi whip antenna 1 m above ground.
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2.2.1.2.2.4 Expected RLOS Ranges with 2.4 GHz Radios

If the same radio specifications and fade margin aselre used, but with 2.4 GHz radios, the RLOS
ranges shown in Fgy 16 and 1are obtained (altitudes above ground/nominal tefiraieference he2 in

Fig. 6).

60.0
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500 Low Hills
“E=fountains
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£
@
g
E 200
n
2

200

0.0

oo T 1
u} 100 200 =00 <00 a0 =101 Foo 200 a00 1000

sUAS Operating Altitude (ft)

Figure 16. RLOS range for 2.4 GHz system, highin dish antenna, 2
m above ground.
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Figure 17. RLOS range for 2.4 GHz system, 6 dBi omni antenna, 2 m
above ground.

In Fig. 17, the 2.4 GHz RLOS range using a 6 dBi omni antenna is limited in most casesdpadee
losses, not by the terrain or UAS altitude. The-Bpace range limitis 22.3 km or 13.8 miles.

2.2.1.2.3 Discussion

When a directional antenita8 dBi) is used, 2.4 GHz offers greater RLOS range except in the most rugged
terrain, as shown in Fig. 18. Furthermore, directional antennas are smaller at higher frequencies, and are
therefore subject to less wind loading. Thus, higher frequencies@eeted to be popular in benign terrain,
especially for operators using licensed bands where directional antennas may be used without a requirement

to reduce transmitter power.
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Figure 18. RLOS range for 900 MHz and 2.4 GHz systems, 18 dBi
GCS antenna m above ground.

The use of directional antennas, however, may be operationally challenging, especially at high gains, due
to the need to poirthe antenna precisely at the aircraft, and to track it as it flies. This may not be too
difficult when a sUAS is used for inspection of linear infrastructure, but for applications involving flight
over wide areas, operators may prefer the simplicityhafrani antenna.

2.2.1.2.4 RLOS Model Conclusions

RLOS operation of SUAS seems practical over distances of a few miles in mountainousaedanto
more than 50 miles over flat terraiifhe greatest ranges are achieved when using aghighantenna at
theground control station, but this may require actively steering the antenna to track the sUAS in flight.

2.2.1.2.5 Numerical Results

The numerical results plotted in Bid.0 through B for the model are in Taldel2-17. Altitudes shown
are in feet above ground/namal terrain (reference he2 in Fig).

Table 12. 18 dBidish antenna, 2 m above ground for 900 Msystens.

Very Smooth Gently Low Hills Mountains
Plains Rolling Plains
Altitude (ft) &eh = ! 30m 80m 300 m
100 15.1 13.8 11.2 4.9
200 195 17.1 135 5.8
500 27.9 24.2 18.9 8.3
1000 38.3 33.0 26.6 12.3
2000 53.3 46.6 38.4 19.7
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Table 13. 6 dBi omniantenna, 2 m above ground for 900 Mbysters.

Altitude (ft) &h 30m 80 m 300 m
100 8.1 6.8 51 1.9
200 11.8 9.2 6.5 2.3
500 19.1 14.8 10.2 3.6
1000 28.8 224 16.5 6.1
2000 36.6 35.0 26.6 11.4
Table 14. 18 dBidish antenna, 5 naboveground for 900 Mhzsystems
Altitude (ft) &h 30m 80m 300 m
100 374 324 24.8 5.3
200 41.9 36.1 28.2 6.6
500 51.0 44.3 35.7 9.9
1000 62.1 54.6 45.3 15.2
2000 78.0 69.9 60.0 24.7
Table 15. 3 dBiwhip antenna, 1 naboveground for 900 Mhaystems
Altitude (ft) &h 30m 80m 300 m
100 4.2 3.2 2.7 2.1
200 5.9 4.6 3.5 2.7
500 10.9 7.9 5.6 4.4
1000 18.6 13.7 9.1 7.4
2000 26.1 23.3 17.1 13.7
Table 16. 18 dBidish antenna, 2 maboveground for 2.4 GHzystems
Altitude (ft) &h 30m 80m 300 m
100 27.3 21.1 12.2 1.1
200 31.7 24.9 15.3 1.6
500 41.1 33.3 22.5 3.0
1000 52.1 43.6 31.9 6.0
2000 55.3 55.3 46.3 13.0

Table 17. 6 dBi omni antenna, 2 naboveground for 2.4 GHzystems Gray shadingndicates

range limited by freespace attenuation, not terrain or aircraft altitude.
&h

Altitude (ft)

100

200

500
1000
2000

13.8
13.8
13.8
13.8
13.8

30m
13.8
13.8
13.8
13.8
13.8
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2.2.1.3 Chihuahuan Desert Rangeland Research Center

The planned test location for the RLOS model validation (and other sUAS testing) is north of Las Cruces,
New Mexico, on the Chihauhu@esert Ranchland Research Center (CDR{R{g)s. 1920). New Mexico

State University operates the CDRRC in order to protect and ensure availability of its resources for teaching,
research, and extension endeavors that benefit the citizens of New Mexiciminally declared in
Congressional Act S4910, 1927.

The CDRRC conducts educational, demonstrative, and experimental development with livestock, grazing
methods, and range forage, including investigation of the sustainability and management of natural
resources and environmental ecosystems.

The CDRRC is part of NMSU, which is located in Las Cruces, New Mexico. It is a major source of arid

lands research in the Department of Animal and Range Sciences, which is part of the College of
Agricultural, Consume , and Environment al Sciences. Establi
demonstrative, and experiment al devel opment with
CDRRC is administered by the NMSU Board of Regents.

The Center is located indda Ana County, New Mexico, at the southern end of the Jornada Plain. Now
divided by Interstate 25, the Center encompasses almost 100 square miles,-fathtbref the land west
of the interstate.

Land on the Center varies widely, with elevations flg00 ft on the Rio Grande flood plain on the west

side to 5,840 ft at the top of Summerford Mountain in the Dofia Ana Mountains on the east side. The nearly
level plains of the north and central parts of the Center are on the Jornada del Muerto thasavesal

small playa areas where water collects after rainfall. Soils range from sandy loams to clays overlying
caliche hardpan.

Several vegetation types occur on the center. Creosote bush dominates the upper slopes of the mountains
and the hills alonthe river. At lower elevations, the creosote bush type grades into the mesquite type that
grows on sandier soils, and into the tarbush type on heavier soils. The plains area, once dominated by black
grama, today has been invaded by mesquite. Thesalitgestnds are interspersed with snakeweed and
many species of grasses and forbs.

Wildlife populations on the Center are rich and varied. Among the larger mammals are mule deer,
pronghorn antelope, gemsbok, bobcat, coyote, badger, and fox. Moumntaihdie been sighted. There

are also many rabbit and rodent species. Several bird species migrate throughout the area, but a large
number also live and nest on the rangeland. Species such as roadrunners, hawks, and occasionally golden
eagles are seen time Center. Numerous lizard and snake species also inhabit these lands.

Teachers, researchers, and students from across the NMSU campus benefit from the center. The
Department of Animal and Range Sciences oversees the facility with help from a steenmgtee of
scientists from the College of Agriculture, Consumer, and Environmental Sciences and the College of Arts
and Sciences. Through the Biology Department, the center is part of the Jornada Baslrerbong
Ecological Research projécta National Sience Foundation Ecology Network. Current research efforts
include:
9 Evaluating continuous and seasonal grazing strategies at different intensities to determine effects
on livestock performance as well as plant cover and composition.
1 Evaluating performarecof breeds of cattle in relation to quality and quantity of forage in a hot, arid
environment.
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Determining the influence of range conditions on wildlife populations.
Autecology of plant species.

Assessing competition and other interactions between corplanhspecies.
Ascertaining the role of small herbivores in a desert environment.

= =4 -4 =9

In addition to research conducted by the Department of Animal and Range Sciences, faculty and graduate
students from other NMSU departments are conducting research atrtteg. CEurrently, much of the
research is in conjunction with the Lofgrm Ecological Research program, which is part of a nationwide
program funded by the National Science Foundation.

The CDRRC is used for teaching, demonstration, and research pmigctvestock, grazing methods,
and range forage, including investigations into the sustainability and management of natural resources and
environmental ecosystems.

Research at the CDRRC includes archaeology, beef cattle management and ghasstitiication,
entomology, geology, grazing management hydrology, plant diversity, rangeland resource management,
rangeland restoration, soils, watershed management, and wildlife.

Also unique to the CDRRC is former industrgsed research facility redat to national security. A
significant asset for the national security work is represented by a tower that the Raytheon Corporation
installed and maintained on the CDRRC. That 100 ft tower is now owned by NMSU and is available for
research. The NMSU P&igal ScienceLaboratory (PSL) has significant experience in conducting UAS
operations at the Jornado Experimental Range that is adjacent to the CDRRC.

The CDRRC was selected as a site for the RLOS research based on a number of factors. The airspace of
the CDRRC falls within the NMSU Flight Test Center (Test Site), and the current FAA Certificate of
Autharization (COA) also covers this airspace. NMSU/PSL has significant UAS operating experience with
a variety of UAS platforms in nearby airspace for{alitude operations and over this area for higher UAS
operations. The terrain within the CDRRC varies from the Summerford Mountain to extended desert plains
with no obstacles. The population on the ground consists of a single residence at the Raneinteesadq
approximately one mile from the tower, and cattle and wildlife are the only other inhabitants. So, the
population density is low. This area also is remote with no paved roads, a few county roads adjacent to
significant power transmission lines)caunimproved twdrack roads. There is only small acreage at the
northern perimeter where the public has access; otherwise, access is controlled. Both RLOS and BVLOS
studies and experiments are planned at the CDRRC.
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Google earth

Figure 19. Satellite view of CDRE.
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Figure 20. CDRRC Layout by pasture.
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2.2.1.3.1 Tower Site Attributes

The Tower Site (previously mentioned) is located approximately one mile from the ranch headquarters.
The tower is important for the RLOS data collectiohe tower is in a fixed position so that any
measurements will be consistent and repeat@btethered UAS was considered but winds aloft still would

impact the precise location during data collectignsUAS transmitter will be located at the top of the

tower in various orientations as part of the test seffupm the tower location, simulating a SAoperating

at 100 ft AGL, access will be available to a variety of GPS fixed locations that also are impacted by some
of the geography in the area. Power also is available at the site, and as was previously discussed, there are

minimal people on the grod. In addition, most local general aviation flights follow Interstate 10 to the
west of the CDRRC.

2.2.1.3.2 Tower Site Location

The tower is situated on the northern slope of Summerford Mountain in the Dofia Ana MoufRiRiInss
21-22 show the proximity of th tower to Summerford Mountairkigure23 depicts a closep of the top
of the tower. Figure24 shows the tower facing southwegtigure 25shows the tower facing eadtigure

26 depicts the solar array and the energy distribution buildiRigures 27-29 depict the view facing
generally north, northeast, and northwest from the tower.

Figure 21. Proximity of Summerford Mountain to tower.
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Figure 22. 100 ft tower showingproximity to
Summerford Mountain.
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Figure 23. Closeup view of top of the tower.

Figure 24. 100 ft researchowerd view is
generally southwest.
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Figure 25. 100 ft research towdrview is
approximately to the east.
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Figure 26. Solar array and power distribution building for the tower.

Figure 27. View looking northeast from tower area, flat desert plains.
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Figure 28. View looking north from tower area, flat desert plains.

Figure 29. View looking north/northwest from tower area, flat desert plains.

2.2.1.4 RLOS Validation and Verification: Expected Test Measurements

The communications package (and/or the eniiteoene platform) from a sUAS will be mounted on the

top of the tower. A nonconductive support will maintain a transmitter/sUAS approximately three feet from
the tower. Signal strength will be measured between the Ground Control System (GCS) and the sUAS
AUT. Free space path loss (FSPL) and Fade Margin calculations at specific test points will be made as a
control function. A GCS for the UAS will be operated from various directions at multiple distances to
compare field measurement to the Longley Ricgagation model with and without terrain mappifde
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battery pack for the communication system on the tower will be in two different states during
measurements, fully charged andbharged.A comparison of calculated RLOS and measured coverage
will be performed to validate the effectiveness of the LonBlieg models against field measurements
when applied to sUAS platforms.

2.2.1.4.1 Phase One: Static Tower Test

The Phase One test will involve the use of the Tower at the CDRRC north of Las Cruces, New Kexico.
sUAS (and/or transmitter) will be mounted at the top of the towhe GCS for the UAS will be operated

at a variety of directions and distances (inahgdplains to the north and mountains to the southeast) from
the tower. Using the LongleyRice propagation model, a calculation will be made for the predicted
performance of both a directional (1 watgli gain) and omni antenna (100 mW, 2 dBi gain) apieg at
900MHz. The specific parameters for the propagation model for a representative directional antenna are
shown in Fig 30, and the resulting predicted coverage is shown in¥Fg For an omni antenna, the
representative parameters are includeBig 32, and the resulting predicted coverage is shown in33ig

The altitude for both the antennas is fixed at ftQ8GL, which is the height of the towehe model will

be modfied with the specific antenna arndhnsceiver used in the test prior to the actual field t€ke
figures shown below are the Longi®jce propagation model with terrain mappingctual testing will
include overlaying the LongleRice model without terrain mapping so that a comparigaime two models
versus field measurement cangeformed

2.2.1.4.1.1 Test Apparatus

A 3-D Robaotics Iris sUAS (or similar model) will be utilized (and/or the transmitter alone) as the test
platform. The sUAS will be configured so it can be placed in one of festr ¢conditions (facing north,
south, east, and west) at the top of the towidre control station will be activated at multiple test points
(including plains to the north and mountains to the southeast) to determine thiecagtrage versus
predicted.

2.2.1.4.1.2 Data Points

The field measurement for each data point will consist of the signal strength level and a nominal sSUAS
control function indication assuming the entire airframe is mounted on the tower vs. just a SUAS transmitter.
The control function (TBD) wildemonstrate actual control and response to a specific flight function such
as camera control or control surface change (aileron, flaps, &twe) control function is a pass/fail type
measurement.Since the CDRRC exists in a low humidiénvironment @nge of 8 to 7% relative
humidity), when possible, measurements will be conducted for both humidity extrekivesther
conditions (temperature, humidity, and air speed) will be recorded during each test.
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Radio Coverage Prediction using Longley Rice

Transmitter

Lattude: 32 3 " 19 ® Morth = Antenna Pattern (Horiz. Plane)
Longitude: ws * 49 ' 50.7 T West -

Mote: the transmitter position can also be set
using the "Set Tx Pos" button below.

Height Above Ground (m}): 30.5 (0.5- 3000 m)
Frequency (MHz): 900 (20 - 40000 MHZ)
Power (W): 1.0

Polarization: vertical hd

Antenna Gain (dBi): &

Antenna Pointing Azimuth (%) 0.0 (0° - 359.97 ; North = 07}

Propagation Model: Longley Rice (Point-to-Point)

Surface Refractivity (N-units): 301 (250 - 400 N-unitz)
Diglectric Constant of Ground: 15 4-21)
Conductivity of Ground (Siemens/m): 0.005 0.001 - 5.0 S/m)
Climatic Zone: Desert -
Confidence Level (%): 50 (1-99 %)
Time Availability (%): 50 (1-99 %)
Location Availability (%): 50 {1-99 %)
Receiver
Antenna Height Above Ground (m): 2 (0.5 - 3000 m)
Reception Area
Lower Left Corner Position (decimal degrees): Latitude 31.5 Longitude -106
Upper Right Corner Position (decimal degrees): Latitude 33.5 Longitude -108

Note: the reception area can also be sst
using the "Set Rx Area" button below

Coverage Display

From To Color
45 dBuvIm a0 dBpvIm LightBlue
80 dByvim 75 dBpvim Blue hd
75 dBy\im 100 dBypVim DarkBlue

Figure 30. Longley-Rice propagation model 100AGL, directional antenna (/, 6 dBi).

49



The FAA's Center of Excellence for UAS Research

XASSURE

Alliance for System Safety of UAS through Research Excellence

|| ' 1".“’
| ALY

| A
1

ey,

P "
‘u

\3

(=

[«

-

-

Upham

Alivio

White Sant
National
Maonumen

\\\
h -
‘\‘:x,/// Organ
b r
N, Fﬁountai?
B ationa
Las Crull?es Recreation...

Figure 31. Predicted coverage for directional antenna (1 W, 6 dBi) at 100 ft AGL.
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Radio Coverage Prediction using Longley Rice

Transmitter

Latitude: 32

Longitude: 106

Height Above Ground (mj): 30.5
Freguency (MHz): 900
Power (W) 0.1
Polarization: Vertical
Antenna Gain (dBi): 2
Antenna Pointing Azimuth (*): 0.0

- - )

31 " 18 " Morth ¥

West -

Note: the transmitter position can also be set
using the "Set Tx Pos" button below.

(0.5 - 3000 m)

(20 - 40000 MHz)

(0* - 358.8%; North = 0%}

Antenna Pattern (Horiz. Plane)

30.0-2.0
60. -1.0

90, -3.0

120.0-2.0
150.0 -2.0
180.0 -2.0
210.0 -1.0
240.00.0
270.00.0
300.0 -1.0
330.0-1.0

Propagation Model: Longley Rice (Point-to-Point)

Surface Refractivity (M-units): 301 (250 - 400 N-units)
Diglectric Constant of Ground: 15 (4-81)
Conductivity of Ground (Siemenssm}: 0.005 (0.001 - 5.0 Sim)
Climatic Zone: Desert A
Confidence Level (%): 50 (1-99%)
Time Axvailability (%): 50 {1-99%)
Location Availability (%): 50 {1-99%)
Receiver
Antenna Height Above Ground (m}: 2 (0.5 -3000 m)
Reception Area
Lower Left Corner Position (decimal degrees): Latitude 31.5 Longitude -106
Upper Right Corner Position (decimal degrees) Latitude 33.5 Longitude -108
Mote: the reception area can also be sel
using the "Set Rx Area” button below.
Coverage Display
From To Color
45 dBpvim &0 dByu\im LightBlue =
50 dBpvim 75 dByu\im Blue -
75 dBp\vim 100 dBy\im DarkBlue

Figure 32. Longley-Rice propagation model 100 ft AGL, omni (100 mW,
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Figure 33. Predicted coverage for directional omni (100 mW, 2 dBi) antenna at 100 ft AGL.

2.2.1.4.1.3 Deliverable

A Test Report will be produced with all the results from Phase @neironmental conditions also will be
included in this report as well as lessons learned that could affect Phase Two activity.

2.2.1.4.2 Phase Two: Dynamic Flight Test

Phase One provides for thppmrtunity for the collection of a variety of data points that could be used to
test the RLOS modelddowever, these tests are constrained by the overall height of the tiovegder to
gather higher altitude test data, Phase Two will include actualfligktss at three different altitudes with

the data collection being taken at various directions (including plains to the north and mountains to the
southeast) remote from the towedbata obtained from the Phase One testing will be used to develop a
safey margin for Phase Two testing. Phase Two testing will more closely emulate real flight conditions
and various airframe orientationBattery condition will be charged fully prior to each flight and monitored
during flight. Again, utilizing the LongleyRice propagation model (with terrain), representative
calculations were made for the directional and omni antennas at 400, 500 and 1000 Tive(parameters

for the directional antenna for the higher altitudes are the sartfse shown in Fig80 except for the
variance in altitude.The predicted coverage for the 4@@iltitude is reflected in Fig34. The predicted
coverage for the 50f altitude is shown in Fig35 and 1000t in Fig. 36. The parameters for the omni
antenna for the 40f altitude are shown in Fig7, 500ft in Fig. 38, and the predicted coverage for the
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1000ft altitude is reflected in Fig39. Figure40 shows an overlay of the 100(Phase One) predicted
coverage versus the 4@QPhase Two) mdicted coverage for the omni.

2.2.1.4.2.1 Test Apparatus

A 3-D Robotics Iris SUAS (or similar model) but the same as the Phase One test will be utilized as the test
platform. The sUAS will be located near the tower platform in order to minimize any variation c8RLO
coverage pattern and distances from Phase One testing.

2.2.1.4.2.2 Data Points

The field measurement for each data point (including plains to the north and mountains to the southeast)
will consist of the signal strength level at the GCS and sUAS control fundtlmcontrol function (TBD)

will demonstrate actual control and response to a specific flight function such as camera control or control
surface change (aileron, flaps, etc.Jhe control function is a pass/fail type measurememeather
conditions (tempeture, humidity, and air speed) will be recorded during each test.
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Figure 34. Predicted coverage for directional antenna (1 W, 6 dBi gain) at 400 ft AGL.
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Figure 35. Predicted coverage for directional antenna (1 W, 6 dBi gain) at 500 ft AGL.
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Figure 36. Predicted coverage for directional antefbaV, 6 dBi gain) at 1000 ft AGL.
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Figure 38. Predicted coverage for omni antenna (100 mW, 2 dBi gain) at 500 ft AGL.
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Figure 39. Predicted coverage for omni antenna (100 mW, 2 dBi gain) at 1000 ft AGL.
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Figure 40. Omni antenna (100 mW, 2 dBi gain) at 100 versusf4@@GL overlay.

2.2.1.4.2.3 Deliverable

Test reporting for the Phase Two activities will result in a unique test repbé.data included in this
report will summarize athe information from the Phase Two activitisny recommendations for follow
on testing will be included as lessons learnehe RLOS model also will be restated with any
recommended changes to the parameters and also will be communicated agedinalendation to the
FAA.

2.2.1.5 BVLOS Technology Tests

A variety of airborne and groudshsed technologies for detiet, sengg, and avoiding other aircraft will

be tested starting in the near future for the safe operation of SUAS BVIB®&e technologiesilvbe
identified by a recent Request for Information distributed by NMSU as part of the FAA UAS COE BVLOS
funded researchThese technology tests will take place primarily on the 100 square miles of the CDRRC.
As the specific technology is selected testing, a unique test plan will be developed to guide the test and
evaluation activities, awill be incorporated into this test plan.

2.2.2 Test Results
2.2.2.1 Introduction and Background
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The New Mexico State University (NMSU) and University of North Dakota (UNDipAt¢e for System

Safety of UAS through Research Excellence (ASSURE) teams were tasked with researching Detect and
Avoid (DAA) technology in Unmanned Aircraft Systems (UAS) that could enable Beyond the Visual Line

of Sight (BVLOS) operation of small UAS vghing under 55 Ibs (SUAS) within limited portions of the
National Air Space (NAS) while achieving a level of safety equivalent to manned aircraft operating in a
similar manner.

One element of this research was to assess the radiofiight (RLOS) conection for small unmanned

aircraft systems (SUAS). This connection element is key to ensuring safe operations, specifically if flying
BVLOS. A description of a proposed approach and potential testing was provided in a previously submitted
test plan (Cdtey 2016). In that report varioosodelng approaches were discussed and the potential RLOS
range that may be achieved using a SUAS was developed. The signal propagation was modeled using the
well-respected LongleRRice Irregular Terrain Model (Longleynd Rice 1968), which was developed by

the U.S. Department of Commerce in 19@e test plan addressed the data collection in a test setting to
validate the developed model.

The test plan was designed to evaluate and analyze the variances betweermléneRioa model with

terrain, LongleyRice model without terrain, and field truth measurements in aweddl setting. A
simplified model without terrain would be more ea
safe operational distancesuld be incorporated into aeronautical charts and tables rather than requiring

field access to a complex computer model. The intent of this testing was to determine if this concept of
simplified, tablebased flight safety criteria, would be a valid optim the development of safety
regulations and guidance for SUAS operations.

As previously noted, a number of factors affect the modeled RLOS range, including the following:
A Terrain
A Weather
A Frequency in use
A Antenna gains at the ground station #melaircraft
A Transmitter power
A Receiver sensitivity

This test reportds purpose is to present a-set of
Rice Irregular Terrain Model, and to an available online calculator. The comparisonh woreadata

provides an assessment of the models to help make better informed decisions on allowable BVLOS flight
operations.This information can be used to help inform the researchers and the FAA on how to proceed in

its research efforts related to B@IS operations and to inform FAA rules, regulations and guidelines.

This effort was carried out in collaboration with the Army Research Laboratory which provided personnel
and equipment under the Cooperative Research and Development Agreement (CR&ZBAgtGeen the
U.S. Army Research Laboratory and New Mexico State University Physical Sciences Laboratory.

2.2.2.2 Test Purpose, Equipment, and Description

Field testing at the NMSU ranch was performed during the month of January 2017 to determine ground
truth forthe maximum reliable distance for a typical small UAS transceiver. The goal was to determine if
the E. Johnson version of the LongRice (L-R) model described in Cathey (2016) with no terrain
database can be used to as the basis for a simplified migthpdo provide safe flight distances to UAS
operators.
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Testing was performed between two 3DR radios (3DR v2 telemetry SiK radio with the stock antennas),
operating at 915 MHz with 100 mW transmitters (20 dBm). The 3DR V2 radio specifications are:
100mW output power

-121 dBm receive sensitivity

Based on HdaRkRndéues HM

RP-SMA connector

2-way full-duplex communication through adaptive TDM

UART interface

Transparent serial link

MAVLink protocol framing

Frequency Hopping Spread Spem

Too T To Joo Too To T T o

One unit was placed at 1 m above ground level at various locations on the ranch. The unit was attached
directly to a laptop computer running MavLink control software. This allowed the laptop to record the
RSSI (Received Signal Strength Indicatofpoth the control unit (laptop) and the remote unit. RSSI can

be converted to Signal Strength in dBM using the formula:

Signal Strength (dBm) RSSI1.91 127. (©)]

The noise floor at 915 MHz, latitude and longitude were also recorded. From these data, distance between
antennas was calculated as was the fade margin, assuri2iy @Bm receiver sensitivity.

The second unit radio with antenna was either connecidixed pole for the initial testing or to a small

UAS. The initial static testing was performed with the remote unit mounted to a 20 ft tower/pole. In the
case of the UAS, a Pixhawk flight control unit was used and mounted as a payload belowcapdrad
(remote unit) which was control operated at 2400 MHz at a nominal height of 100 ft. AGL. A sampling of
test points were also collected with the remote unit at 200, 300, and 400 ft AGL. These data sets are
included in this report but have not yet beempared to model estimates.

Field results were plotted and then compared to both dim@wcalculator (incorporates the LongiByce

(L-R) model, terrain databases, and user entries for the radio characteristics to produce detailed coverage
maps fhttp://Ircov.crc.ca/main/and a simplified Longleyrice model developed by E. Johnson. Based on

field data, an estimated field observable RLOS coverage map was drawn for a visual comparison between
the models and fieldbservations.

2.2.2.3 Flight Test Area

Static and flight test operations were centered at latitude 32.51716, longitD8£33065, on the
Chihuahuan Desert Ranchland Research Center (CDRRC). The terrain consists of high desert scrub to the
north and igneous matains to the south. This area is on gated access controlled property owned by
NMSU. Details and pictures of the CDRRC wanted in the test plan (Cath2916). The CDRRC was
selected as a site for the RLOS research based on a number of fati@space of the CDRRC falls

within the NMSU Flight Test Site, and the current FAA Certificate of Authorization (COA) also covers this
airspace.NMSU/PSL has significant UAS operating experience with a variety of UAS platforms in nearby
airspace for lovaltitude operations and over this afer higher UAS operations.

The terrain within the CDRRC varies from the Summerford Mountain to extended desert plains with no
obstacles.The population on the ground has a single residence at the Ranch headquan&isagby

one mile from the tower, and cattle and wildlife are the only other inhabit&otsthe population density

is low. This area also is remote with no paved roads, a few county roads adjacent to significant power
transmission lines, and unimpexytwotrack roads.There is only small acreage at the northern perimeter
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where the public has access; otherwise, access is controlled. NMSU has a controlled access area equivalent
to about 100 square miles. Both RLOS and BVLOS studies and experimeitisa at the CDRRC.

A 100 ft tower is located at the operations center, but was not used in this particular test series. It was
originally envisioned that the fixed tower would be used by setting one of the transmitters on top of the
tower and turnedn to broadcast. There were logistical issues related to provisioning the test tower for the
BVLOS tests. A plan to address tower issues should result in a more robust future test site. The number
of trips required up and down the tower, time considmraf and safety considerations led the team to an
alternative approach to use the small UAS as the transport for the transmitter. The tower location did still
serve as the central location for all of this testing. Views of the terrain near the towhoarbelow in
Figs.41-44.

Figure 41. View to the south from the antenna tower.
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Google earth

Imagery Date: 5/2/2014 32°31!01:81"'N' 106249'49.99" W elev! 4618 ft eyeialt 5363 ft

Figure 43. View from the UAS of the tower and to the southwest
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o 1" : 7 4 '

Figure 44. View from the tower to the southeast

e

2.2.2.4 Test Payload and Fixtures

Tests 1 and 2, at an AGL of 20 ftad the remote unit mounted to a pole mast. For the subsequent tests,
the test platform for the remote unit was a payload slung under acqpset for the field test data ptsn

at 100, 200, 300, and 4004GL. As noted before, the remote unit corsisbf the Pixhawk flight control

unit, a 3DR V2 915 MHz radio @ 106W, and a battery pack. Figurés-47 show the fixed mast pole

and the flight configurations.
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Figure 45. Remote antenna unit at 204GL, Pole Mast Mount
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Figure 46. QuadCopter with payload
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Figure 47. Quadcopter with payload ascending to 1004GL.

2.2.2.5 Test Data for 20 ft AGL

Initial data points wereollectedwith the remoteransmitter mounted on a 20 gble mast. The test
equipment was the same as noted above arghthe as was used for the 10te#it with theexception that

the remote was mounted on a mast rather than a payload attached tecapjaad OHine coverage
estimates where generated at this altitude only. These initial tests were done to confirm all of the equipment
was working and the approaglas sound. The various tests were conducted on different days and each
test was designated with a different test number (TEST1 = T1, TEST2 = T2, etc.) Below is a summary of
the field data in Tables8and19.
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Test Cntrl Position Time Op Chec DLOS | Distance RSSI Signal Stength (dBm| Fade Margin Noise Floor
Point LAT LON Local Pass/Fail TF meters | Remote| Controller| Remote | Controller | Remote (dB)| RSSI| dBm
1 32.51955 -106.8330811:30:00 AN N/A TRUE 350 64 63 -93.32 -93.84 27.68 30 -111.27
2 32.52014 -106.8248911:38:00 AM N/A TRUE 634 47 49 -102.26 -101.21 18.74 29 -111.74
3 32.52218 -106.8217011:45:00 AM N/A TRUE 1008 40 44 -105.95 -103.84 15.05 31 -110.64
4 32.52663 -106.8132211:53:00 ANM N/A TRUE 1944 37 43 -107.53 -104.37 13.47 31 -110.68§
5 32.53125 -106.8051511:58:00 AM N/A FALSE 2858 35 35 -108.5§ -108.58 12.42 31 -110.6§
6 32.53407 -106.8091012:00:00 PN  N/A TRUE 2760 45 49 -103.32 -101.21 17.68 30 -111.27
7 32.53988 -106.8169612:09:00 PN N/A TRUE 2834 68 70 -91.21 -90.16 29.79 41 -105.47
8 32.545071 -106.8247312:13:00 PM  N/A FALSE 3153 35 38 -108.58 -107.0Q 12.42 34 -109.17
9 32.54528 -106.8355¢12:19:00 PN N/A TRUE 3161 52 53 -99.63 -99.11 21.37 31 -110.69
10 32.54554 -106.8453112:21:00 PM  N/A TRUE 3442 45 45 -103.32 -103.32 17.68 32 -110.16
11 32.54598 -106.8622812:26:00 PM  N/A TRUE 4366 41 47 -105.42 -102.26 15.58 34 -109.17
12 32.54992 -106.8630412:30:00 PN N/A TRUE 4742 34 34 -109.11 -109.11 11.89 31 -110.64
13 32.55561 -106.8642112:40:00 PN N/A TRUE 5308 0 36 -127.00 -108.05 -6.00 31 -110.6§
14 32.54088 -106.8611112:52:00 PN N/A TRUE 3885 0 35 -127.0Q -108.58 -6.00 32 -110.14
Date 1/12/20017
RemPog 32.51716¢ -106.8306f
Recv Sens -121
[Clouds |  partlycloudy |
Temp(F)| Humid (%)| Solar |Wind (mph)|Pres (inHg
60 25 <10 29.96
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Test Cntrl Position Time Op Chec DLOS | Distance RSSI Signal Stength (dBm| Fade Margin Noise Floor
Point LAT LON Local Pass/Fail TF meters | Remote| Controller| Remote | Controller | Remote (dB)| RSSI| dBm
1| 32.51399 -106.83706 7:33:00 AM N/A TRUE 697 46 49 -102.79 -101.21 18.21 31 -110.64
2| 32.51158 -106.8371% 7:39:00 AM N/A FALSE 870 0 36 -127.0( -108.05 -6.00 35 -108.5§
3 32.51008 -106.83727 7:44:00 AM N/A FALSE 1005 0 43 -127.0Q -104.37 -6.00 29 -111.74
4 32.50903 -106.83742 7:50:00 AM N/A FALSE 1105 40 42 -105.99 -104.89 15.05 31 -110.69
5| 32.50931 -106.8386(0 8:07:00 AM N/A FALSE | 1148 0 31 -127.0( -110.6§ -6.00 30 -111.21
6| 32.50848 -106.84084 8:16:00 AM N/A FALSE | 1358 0 41 -127.00 -105.42 -6.00 32 -110.16
7| 32.50363 -106.8396% 8:23:00 AM N/A FALSE | 1725 0 25 -127.0¢ -113.84 -6.00 26 -113.37
8| 32.50162 -106.84080 8:29:00 AM N/A FALSE | 1973 0 29 -127.0( -111.74 -6.00 30 -111.27
9] 32.50463 -106.84349 8:37:00 AM N/A FALSE | 1841 0 20 -127.00 -116.47 -6.00 30 -111.27
10 32.50421 -106.84696¢ 8:40:00 AM N/A FALSE | 2101 0 24 -127.0¢ -114.37 -6.00 26 -113.37
11 32.516671 -106.8414%10:24:00 AM N/A TRUE 1014 43 45 -104.37 -103.32 16.63 30 -111.2]
12 32.51891 -106.8457(10:29:00 AM N/A TRUE 1424 40 43 -105.95 -104.37 15.05 32 -110.14
13 32.52132 -106.8503210:34:00 AM N/A FALSE 1901 36 37 -108.05 -107.53 12.95 32 -110.14
14 32.51981 -106.8537410:42:00 AM N/A TRUE 2185 49 49 -101.27 -101.21 19.79 30 -111.27
15| 32.51959 -106.8531710:46:00 AM N/A FALSE | 2128 0 35 -127.0( -108.5§ -6.00 35 -108.54
16 32.52032 -106.8270211:10:00 AM N/A TRUE 489 72 74 -89.11 -88.05 31.89 30 -111.21]
17 32.52222 -106.8216311:15:00 AM N/A FALSE 1016 43 45 -104.37 -103.32 16.63 32 -110.14
18 32.52526 -106.8158711:21:00 AM N/A TRUE 1653 46 46 -102.79 -102.79 18.21 30 -111.27
19 32.52711 -106.8122311:24:00 AM N/A TRUE 2051 38 40 -107.0Q -105.95 14.00 28 -112.24
20 32.5309 -106.8050211:30:00 AM N/A TRUE 2848 36 38 -108.05 -107.0Q 12.95 24 | -114.368
21 32.52924 -106.802111:35:00 AM N/A FALSE 2997 0 33 -127.0Q -109.63 -6.00 28 | -112.263
22 32.527¢ -106.8010611:43:00 AM FALSE 3007 0 27 -127.0Q -112.79 -6.00 29 | -111.737
Date 1/13/20017
RemPog 32.51716¢ -106.8306f
Recv Sens -121
[Clouds |  partlycloudy |
Temp(F) [Humid (%) |Solar Wind (mph)|Pres (inHg
60 25 <10 29.96
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The data above evecompared to an eline calculator using user entries for the radio characteristics to
produce detailed coverage mapsf://Ircov.crc.ca/maif)/ The calculation pageseshown in Fig 48.
The resulting ofline coverage map is shown in F#p.

Transmitter

Latitude 32 " 31 165 ° MNoth - Antenna Pattern (Horiz Plane)
Longitude: 106 ° 49 ° 50.5 7 West -

Note: the transmitter position can also be set

using the "Set Tx Pos" button below
Height Above Ground (m): 6.1 (0.5-3000 m)
Frequency (MHz): qon (20 - 40000 MHz)
Power (W) 0.1
Polarization: Vertical -
Antenna Gain (dBi): 2.0
Antenna Pointing Azimuth (%) 0.0 (0° - 359.9° ; North =07)

Propagation Model: Longley Rice (Point-to-Point)

Surface Refractivity (M-units): 301 (250 - 400 MN-units)

Dielectric Constant of Ground: 15

4-81)

Conductivity of Ground (Siemens/m): 0.001 (0.001 - 5.0 Sim)
Climatic Zone: Continental Temperate -
Confidence Level (%) 80 (1-99%)
Time Availability (%) 50 (1-99%)
Location Availability (%) 50 (1-99%)
Receiver
Antenna Height Above Ground (m): 1.5 (0.5-3000 m)

Reception Area

Lower Left Corner Position (decimal degrees): Latitude 32.43329 Longitude -106.9580

Upper Right Corner Position (decimal degrees): Latitude 32.61248 Longitude -106.6816

Mote: the reception area can also be set
using the "Set Rx Area" button below

Coverage Display

From To Color
45 dBpvim 60 dBpvim Light Blue
60 dBuVim 75 dBuVim Blue -
75 dBuvim 100 dBuvim Dark Blue

Figure 48. On-Line L-R input parameters for 20 &GL.
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Map Satellite
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Figure 49. OnLine L-R coverage map for 20 AGL.

Figure50illustrates test 1 and 2 data point#/ith what wil also be seen with the 100AGL tests, the
signal strengths belovt08 dBm are too low for reliable connection even though the advertised sensitivity
of the unis is-121 dBm.
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©12016|G00glE!

Google Earth
£ B : Image 016 elev 4555ift ey 36 ft:
Figure 50. Test 1 and 2latapoints with distances for 20AGL. Green indicates test points that had camivations

and valid data linkage between the remote and the controller such that data couldirelEssed between the units
Red data points indicate that the linkage was unreliable or connection could not be made between the units

2.2.2.6 Model Parameters for 100 ft AGL

Input parameters to the eiine LongleyRice (900 MHz, 100 mW transmitters), 1BAGL are provided
in Fig.51. It should be noted that:

A No Receiver Sensitivity Input parameter available in this appligation
A Dielectric constant is Normal Ground (15)
A Conductivity is for poor sbconditions (0.001)
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LEiTiTEs 32 " 31 [ 165 T North ~ Antenna Pattem (Horiz. Plane)

Longitude: 106 ° 49 ' 50.5 7 West =

Mote: the transmitter position can also be set
using the "Set Tx Pos" button below

Height Above Ground (m): 30.48  (0.5-3000 m)
Frequency (MHz): 900 (20 - 40000 MHz)
Power (W) 0.1

Polarization: Vertical -

Antenna Gain (dBi): 2.0

Antenna Pointing Azimuth (%) 0.0 (0°-358.9%; Morth = 0%)

Propagation Model: Longley Rice (Point-to-Point)

Surface Refractivity (N-units): 301 (250 - 400 N-units)
Dielectric Constant of Ground: 15 (4-81)
Conductivity of Ground (Siemens/my): 0.001 (0.001-5.0 5/m)
Climatic Zone: Continental Temperate -
Confidence Level (%) 80 (1-99 %)
Time Availability (%) 50 (1-99%)
Location Availability (%): 50 {1-99 %)
Receiver
Antenna Height Above Ground (m): 1.5 (0.5 - 3000 m)
Reception Area
Lower Left Corner Position (decimal degrees): Latitude 32.43320 Longitude -106.9580
Upper Right Corner Position (decimal degrees): Latitude 32.61248 Longitude -106.6816

Mote: the reception area can also be set
using the "Set Rx Area” button below

Coverage Display

From To Caolor
45 dBuvim 60 dBuvim Light Blue =
60 dBuvim 75 dBuvim Blue A
75 dBpvim 100 dBuVim Dark Blue -

Figure 51. On-Line L-R coverage input parameters for 1008GL.

The resulting coverage map basedtlmmOn-line LongleyRice Tool showindgBoundary/Road Crossing
Measurement Positions at niaxim range estimates for 1004GL remote antenna is shown below in Fig
52. Corresponding data points are provided in Table
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Figure 52. Estimated RLOS coverage froontline calculator for 100 fAGL.

Table 20. Calculated data points for RLOS coveragenfronline calculator
for 100 ftAGL.

Location Latitude Longitude Distance (miles)
Tower 3231 1.65 | -106 49 50.59

Point 1 323151.2 | -106 46 28.4 3.41

Point 2 32 3350.5 |-106 48 15.9

Point 3 32340.4 -106 50 55.4 3.44

Point 4 323246.4 | -106 52 55.3

Point 5 32300.7 -106 51 39.3 2.11

The cover age f r o mRideModdl (00MsID Y0 trabsmitteyd) shgwing maximum
ranges with-121 dBm and108 dBm receiver sensitivity using terrain roughness types of smooth plains
and low hillsis presented in Figg3 and the associated data in Table
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