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Abstract:  

Potential sUAS BVLOS operational 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 documented, and the 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 the equipment 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 Framework that 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 result 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 

performance, 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 DAA criteriaðthe emphasis here being well clearð

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 through a 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 Safety Risk Management (SRM) pillar of the SMS (Safety 

Management System) process.  This effort (1) identified hazards related to the operation of sUAS in 

BVLOS, (2) offered a preliminary risk assessment considering existing controls, and (3) recommended 

additional controls 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 (sUAS).  A small UAS 

weighs less than 55 pounds.  BVLOS is similar to Extended Visual Line of Sight (EVLOS) and other 

operations where the sUAS is not in the immediate proximity of the operator.  The operating scenario does 

not necessarily include the situation where the sUAS may be out of sight due to a natural or man-made 

occlusion, unless there is a technology solution for that scenario.  So, in general, BVLOS is an operating 

environment where the sUAS is out of sight due to distance and the limitation of the human visual 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 including a Request 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) (operated 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 minimal, with the total 

receipt being approximately 40.  A few use cases were reported and were mostly for mapping, land/area 

monitoring, and straight line inspections.  Use 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 knots, with 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 separate entities ï 

ATC; Dynetics, Inc.; Gryphon Sensors, LLC; Honeywell; New Mexico State University; IMSAR; 

Echodyne; and R-Cubed.  Their information is sorted into Ground-Based as well as Airborne/Mixed Detect 

And Avoid (DAA)  systems.  Further details on the various DAA systems and contacts have been provided 

to the FAA in a separate Point-Of-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 this 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 further divided into subcategories to allow additional definition.  The 333 exemptions 

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

use. 

 

The types and different platforms requested in the 333 exemptions are also detailed.  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 FAA-approved list) is 36,826.  A total of 5,553 dockets were processed.  Most 

applications were for 4-copters (total of 6,586), followed by similar number of requests for fixed-wing 

(818), 6-copter (726), and 8-copter (879).  There were 153 different 4-copter platforms requested.  The 

sUAS data were also analyzed by manufacturer.  Each known model was classified by type and 

manufacturer (there are almost 200 different manufacturers in the listing). 

 

A ñ333 Use Case/DAA Data Callò was sent to more than 4,400 333 exemption holders for information 

regarding their operations as well as DAA approaches.  Information received as a result of this data call has 

varied in its level of detail but has provided relevant 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.  These data are not included in this report, but are archived 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 testing is provided.  Various modeling approaches are discussed and an RLOS range that may 

be achieved in applications of sUAS was developed.  Propagation was modeled using the well-respected 

Longley-Rice Irregular Terrain Model (Longley and Rice 1968), which was developed by the U.S. 

Department of Commerce 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 a version of the Longley-Rice model and an online-based Longley-Rice 

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

 

Static and flight test operations were completed on the unpopulated and NMSU-controlled Chihuahuan 

Desert Ranchland Research Center (CDRRC).  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).  

One unit was placed at 1 m above ground level at various locations on the ranch.  This unit was attached 

directly to a laptop computer running MavLink control software.  This allowed the laptop to record the 

Received Signal Strength Indicator (RSSI) of both the control unit (laptop) and the remote unit.  The second 

radio was either connected 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 distance.  For UAS flights, a 

Pixhawk flight control unit was used and mounted as a payload below a quad-copter (remote unit) that was 

operated at 2400 Mhz at a nominal height of 100 ft AGL.  A sampling of test points were also collected at 

200, 300, and 400 ft. AGL.   

 

Field results were plotted and compared to both an on-line calculator [one that incorporates the Longley-

Rice (L-R) model, terrain databases, and user entries for the radio characteristics to produce detailed 

coverage maps], and a simplified Longley-Rice 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 of the field test indicate that in the 

scenario flown, the simplified model and the on-line calculator models provide too coarse of estimations of 

RLOS coverage.  As the simplified model assumes a uniform terrain type (plains, hilly, mountainous, etc.), 

it cannot adequately account for a radio coverage area that spans multiple terrain types.  This field testing 

has demonstrated that real-world RLOS conditions differ from the analytical modelsðwhile the 

mathematical models may attempt to replicate ideal conditions, site specific 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 systems or 

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 selecting a safe-and-reliable RLOS 

operational distance. 

 

An Operational Framework that defines 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 elements result in potential 

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 3) the aircraft must 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 scenarios, the Science And 

Research Panel (SARP) ñWell Clearò definition for sUAS, the FAA BNSF Pathfinder Effort, and other 

aircraft considerations.  A number of international activities that provide relevant inputs are also provided.  

The framework may not be prescriptive nor does it include an exhaustive set of actions; the framework 

includes strategies 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 recommendations to help facilitate sUAS BVLOS 

operations in the National Airspace System (NAS) are: 

1) Require a minimal set of limitations for BVLOS operations 

a. Operating time: daytime 

b. Meteorological Conditions: Visual Meteorological Conditions (VMC) 

c. Altitude: ~500 feet AGL 

d. Overflight: no densely populated areas 

e. Airport proximity limitations: greater than or equal to 5 miles 

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

g. Operational control: RLOS will determine distance; no daisy chaining of control stations 

h. Vehicle visibility: optimize color, lighting, and design for conspicuity 

2) Develop a consensus-and research-based 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 a manageable 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 system, either airborne or ground-based, must be operational 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 robust RLOS model for BVLOS 

10) Utilize SMS to assess risk as BVLOS evolves 

11) Utilizing candidate DAA and other enabling BVLOS technologies, develop, verify and validate 

test methodologies for these current systems and apply this to future systems 

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

 

Evaluating approaches to sUAS DAA was accomplished through five subtasks: 

1. Literature review of pilot and ground observer see and avoid performance. 

2. Survey of DAA criteria and recommended baseline performance. 

3. Survey of existing/developing DAA technologies and performance. 

4. Assessment of risks of selected DAA approaches. 

5. Flight testing. 

 

Given the existing literature, it is concluded that for relatively small manned aircraft, an optimistic average 

detection distance for manned-aircraft pilots is on the order of 0.8 miles during the daytime, with this 

distance increasing at night through the use of accessory lighting.  (It is noted that this is based upon the 

literature examined herein, and does not include findings from Pathfinder Focus Area II.)  The actual 

manned-aircraft pilot intruder detection distance in a given scenario depends upon many factors, including 

sky condition, cockpit obstructions, and interaction geometries. 

 

Development of DAA criteriaðthe emphasis here being well clearðwas accomplished through working 

with the SARP, which developed the distance-based definition of 2000 ft horizontally and 250 ft vertically 
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for sUAS, and through simulations of sUAS encounters with manned aircraft that were performed within 

this effort.  These simulations indicated that: 

¶ 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 given that sensors are 

able to provide information regarding needed maneuvers by, minimally, the well-clear threshold. 

¶ Field Of View (FOV) has a significant impact on maintaining well clear.  A 180° FOV is 

recommended, although a full 360° FOV may be required to handle manned-overtaking-

unmanned scenarios. 

¶ The UAS autoflight system must be considered as part of the total DAA package.  Any autopilot 

expecting human-in-the-loop control must be capable of aircraft trajectory changes within as few 

control inputs as possible, 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 update rate, a 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 a multi-rotor 

UA. 

¶ Challenges 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, and the inability to remain 

vertically well clear with a simulated multi-copter 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, and 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 standards), and developing 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 board systems.  

These metrics were then used to develop qualitative scores for different DAA approaches.  This process 

produces the following results: 

¶ Only 11 DAA-intensive companies were identified.  This underscores the relative youth of this 

field. 

¶ The majority of DAA-intensive companies are pursuing on-board solutions. 

¶ The only off-board solution being pursued by companies identified as DAA-intensive is radar-

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

¶ On board solutions being explored by DAA-intensive companies include active radar, passive 

EO/IR, and passive acoustic.  Of these, radar and EO/IR are the most popular approaches. 

¶ Off board radar-based systems have advantages regarding sensor performance (e.g., range), with 

the primary barrier being acquisition cost. 

¶ On board radar-based systems have utilization advantages (e.g., cost, installation), with the primary 

challenges being detection range and FOV within SWaP limitations. 

¶ On board EO/IR-based systems provide excellent update 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 requirement. 

¶ 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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¶ It is expected that some data are limited owing to a lack of flight testing.  Flight testing would 

enable both characterization of approaches and establishment of standards that will enable future 

system development. 

 

Risks were assessed by focusing on the Safety Risk Management (SRM) pillar of the SMS (Safety 

Management System) process.  This effort (1) identified hazards related to the operation of sUAS in 

BVLOS, (2) offered a preliminary risk assessment considering existing controls, and (3) recommended 

additional controls and mitigations to further reduce risk to the lowest practical 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 architecture 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 software, hardware, and level of autonomy.  Following 

implementation of recommended mitigations and controls, residual risks: 

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

¶ For hardware were expected to be reduced to 1 high risk, 1 medium risk, and 59 low risks. 

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

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

Common mitigations that were identified 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.  The challenges associated 

with Software Of Unknown Pedigree (SOUP) surfaced repeatedly across the software component, with 

frequent reference to standards such as DO-178 (application of DO-178C as an existing control generally 

resulted in residual risks having the lowest likelihood but commonly high severity owing to the presence 

of single point events/failures).  It is noted that the go-to-ground/land mitigation provides an overarching 

mitigation for alleviating unacceptable residual risk, but can be challenging to implement. 

 

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 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 weighing under 55 lbs (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.  The NMSU and UND ASSURE teams were tasked with considering the following research 

questions: 

a) What are the requirements for an airborne or ground-based Detect and Avoid system compatible 

with sUAS (55 pounds and less) operating in limited portions 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 the requirements for a software algorithm(s), if any, to implement these requirements? 

c) What are the most feasible airborne or ground-based sensors that are capable of meeting these 

requirements and are compatible with sUAS size, weight, and power (SWaP), and level-of 

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 the first 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 Cases and Detect and Avoid Approaches 

2.1.1 Introduction 

2.1.1.1 Background 

The purpose was to reach out and survey the industryôs current uses of small UAS and systems to support 

limited BVLOS to help inform FAA rules, regulations and guidelines.  These current users are the most 

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 from the surface 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 requirements for 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 conducted over 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 heliports.  óCloseô is initially defined as greater than 

3 miles of an airport unless permission is granted from ATC or airport authority.  A distance 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 (RLOS) of a single, fixed ground-

based transmitter. 

g) Some safety-based design and/or configuration requirements may be specified (aircraft painted in 

a highly-visible paint scheme to facilitate identification by other aircraft, strobe lights, etc.). 

h) Small UAS (sUAS) 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 Cathey.  Members of the team included Stephen Hottman, PhD; 

Zachariah LaRue; 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: 

¶ Initial data call 

o TAAC (Technical Analysis and Applications Center), AUVSI (Association for Unmanned 

Vehicle Systems International) 

¶ Fed Biz Ops RFI 

¶ Section 333 Exemption Database Compilation 

¶ Subsequent 333 data call 

 

2.1.2 Initial Data Call and Outcome 

A request for information (RFI) on commercial sUAS use with a focus on Detect and Avoid (DAA) 

procedure and technology was dispersed.  The 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 site on February 12, 2016.  Additional information also was sent through TAAC List Serve 

on February 16, 2016.  Fourteen responses were collected from this data call.  One response discussed 

information for a platform greater than 55 lbs.  One response discussed information on sensor technology 

independent of any sUAS platform.  Two responses discussed operations outside of the U.S.  Ten responses 

discussed sUAS operation for various purposes within the U.S.  These 10 responses listed broad use case 

information, and little information on DAA technology.  DAA procedural and technology description was 

discussed to varying degrees ranging from being present (though without any further description), to ñreturn 

homeò functionality with regard to specific DAA technology.  Detection procedure was discussed on a see-

and-avoid level tasked to the PIC and the visual observers.  Additional details on the results are provided 

below Table 1. 

 

 



 

3 

Table 1. Results of initial data call.  The Xs indicate that the respondent provided data for this category.  The dash 

indicates the respondent did not provide data for this category.  

Respondent sUAS Use Case Detect and Avoid 

Modern Technology 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 examples of fixed-wing aircraft, while two were 

helicopters and two were quadcopters (4-copters).  Eight sUAS were represented, with weight ranges from 

1.5 lbs to 40 lbs. One non-sUAS was represented, with a weight of 79 lbs. 

 

Typical uses for the systems were mapping, land/area monitoring, and straight-line inspection.  Typical 

flight patterns varied for the different uses.  Mapping and monitoring cases tended to use a ñserpentineò 

flight pattern (i.e., a progressive back-and-forth pattern, much like mowing a lawn), while straight-line 

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. 

 

Use-case airspeeds ranged between 6 and 33 knots, with an average speed of around 12 knots. 

 

No use case reported actual in-flight climb or descent rates.  However, Insitu reported climb rate figures 

(varying with payload, etc.) for the sUAS included in their report. 

 

No use case included detailed DAA information.  Insitu information notes ñInsitu AV do not detect.ò  One 

sUAS (SenseFly eBee) used by NMSU PSL has in manufacturerôs information lists ñmid-air collision 

avoidanceò as a feature, but does not go into detail.  No other UAS reported has DAA information readily 

available.  (Use cases do not include any information, and readily available manufacturerôs information has 

no information). 

 

Detect and Avoid technology was discussed by seven separate entities ï ATC; Dynetics, Inc.; Gryphon 

Sensors, LLC; Honeywell; New Mexico State University; IMSAR; Echodyne; and R-Cubed.  Their 

information is sorted into Ground-Based as well as Airborne/Mixed Detect and Avoid systems.  Ground-

Based DAA systems included submissions by ATC, which used a VUSIL computer program that senses 

surrounding air traffic and displays it to the pilot ground control station.  A ñDetect and Avoidò tool in the 

program indicates conflicts and possible avoidance maneuvers on a separate display.  Flight testing has 

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° FOV.  This display 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 multiple ground-

based sensor units are deployed, it gives the user a 360° view. 

 

Gryphon Sensors, LLC reported the use of single-radar detection ranges of DJI Phantom sized targets from 

6-8.5 km, and small, manned targets from 15-20 km. 

 

Honeywell reported the use of multiple 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 combinations of cooperative 

and non-cooperative 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: a submission 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 - a miniaturized radar that electronically steers the radar 

beam without phase shifters.  Details on this system, however, were not yet made public. 

 

R-Cubed reported the use of integrated radar for larger UAS (greater than 55 lbs); however, its functionality 

and display included cooperative/non-cooperative 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 than 55 lbs tested). 

 

2.1.3 Analysis and Outcome of 333 Dockets Data 

Based upon the limited response to the ñinitialò data call, a team was tasked with deriving relevant 

information from the publicly posted 333 exemptions granted by the FAA.  Over 5,400 individual 

applications were investigated.  A 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 exemption.  A database of applicants, general uses, 

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

developed. 

 

To understand the data that were acquired from the 333 Exemptions, defined uses were created to sort each 

docket by business use.  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. 
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2.1.3.1 Use Case Definitions 

Where possible, these general uses were broken down further into more specific sub-categories of their 

respective general uses.  This allowed for the collection of a greater amount of information.  The definition 

of each general use is provided below along with the listing of their respective sub-categories.  The detailed 

definitions of each of the sub-categories appears in Appendix A. 

 

Aerial Data Collection: Use cases that are either described simply as ñAerial Data Collectionò (or having 

a very similar description), or can most accurately be described as a use involving the collection of data by 

means of sensors or cameras on-board of the sUAS.  Separate from the definitions of ñAerial 

Surveying/Mapping,ò ñAgriculture,ò ñInspection,ò and ñResearch,ò the description given of the use case is 

not necessarily specific as to what data are collected, and what purposes the data will be used for. 

- Aerial Data Collection ï Construction/Mining  

- Aerial Data Collection ï Environmental 

- Aerial Data Collection ï General 

- Aerial Data Collection ï Insurance 
 

Aerial Photography/Videography: Use cases that are either described simply as ñAerial 

Photography/Videographyò (or having a very similar description), or can most accurately be described as 

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/Videography ï Closed-set filming 

- Aerial Photography/Videography ï Construction 

- Aerial Photography/Videography ï General 

- Aerial Photography/Videography ï News-Gathering 

- Aerial Photography/Videography ï Outdoor Activities 

- Aerial Photography/Videography ï Real Estate 

- Aerial Photography/Videography ï Wedding 

 

Aerial Surveying/Mapping: Use cases that are either described simply as ñAerial Surveying/Mappingò 

(or having a very similar description), or can most accurately be described as a mapping or surveying 

operation for various purposes. 

- Aerial Surveying/Mapping ï Agriculture/Mining  

- Aerial Surveying/Mapping ï Construction 

- Aerial Surveying/Mapping ï Engineering 

- Aerial Surveying/Mapping ï General 
 

Agriculture: Use cases that are either described simply as ñAgricultureò (or having a very similar 

description), or can most accurately be described as a use involving the collection of data for agricultural 

purposes. 

- Agriculture ï Crop Monitoring  

- Agriculture ï General 

- Agriculture ï Precision Agriculture 
 

Emergency Services: Use cases which are either described simply as ñEmergency Servicesò (or having a 

very similar description), or describe a use case that can be described as aiding police officers, firefighters, 

medical services, etc., or in the investigation of areas that are too dangerous to put a human being in for 

investigative purposes. 

- Emergency Services ï Crisis Response 

- Emergency Services ï General 
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- Emergency Services ï Investigate Hazardous Regions 
 

Flight Training/Education: Use cases which are either described simply as ñFlight Training,ò ñEducationò 

(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 procedures.  Use cases involved in educating 

individuals on sUAS principles, or in demonstrating concepts in mathematics and sciences which can 

demonstrated by sUAS technology. 

- Flight Training/Education ï Education 

- Flight Training/Education ï General 

- Flight Training/Education ï sUAS Training 

 

Inspection: Use cases that are either described simply as ñInspectionò (or having a very similar 

description), or that describe a use case involving the inspection of different kinds of structures or areas for 

safety, upkeep, maintaining of, etc. 

- Inspection ï Communications Structures 

- Inspection ï Construction 

- Inspection ï General 

- Inspection ï Insurance 

- Inspection ï Oil/Pipeline 

- Inspection ï Power plants 

- Inspection ï Real Estate 

- Inspection ï Structure  

- Inspection ï Wind power  

 

Marketing: Use cases that are either described simply as ñMarketingò (or having a very similar 

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 ï Aerial Images 

- Marketing ï General 

 

Multiple Appli cations: Use cases which are either described simply as ñMultiple Applicationsò (or having 

a very similar description), or have been cleared for more than one general use case. 

 

Research: Use cases which are either described simply as ñResearchò (or having a very similar description), 

or describe a use involving imaging and data collection distinctly for scientific research purposes. 

- Research ï Academics 

- Research ï Development 

- Research ï General 

- Research ï Market  

- Research ï Operations 

- Research ï Product Testing 

- Research ï Transportation 

 

Search/Rescue: Use cases that are either described simply as ñSearch / Rescue,ò or describe a scenario 

where a sUAS platform would be used to aid in various search and rescue operations. 

 

Surveillance, Monitoring, etc.: Use cases that are either described simply as ñSurveillance,ò ñMonitoringò 

or having a description that can be categorized in a similar fashion. 

- Monitoring ï Environmental 

- Monitoring ï General 

- Monitoring ï Legal 
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- Monitoring ï Safety 

- Monitoring ï Security 

 

From the data collected, Aerial Photography/Videography had the most use cases by 333-exemption 

holders, with 13,262 use cases granted between September 2014 and June 29, 2016.  The other most 

common general use cases included Inspection (7596), Aerial Surveying/Mapping (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 to reflect the trends of general use requests from September 2014 to June 2016.  This 

information is represented in the cumulative distribution functions in Figs. 1 and 2.  These data were split 

into two separate figures so as to have appropriate Y-axis scaling for the general use requests. 
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Figure 1. Exceptions granted by month--CDF.   
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Figure 2. Exceptions granted by month--CDF.   
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2.1.3.2.2 UAS Categories 

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 FAA-approved list) is 36,826.  A total of 5,553 dockets were 

processed. 

 

The data were analyzed to discover how many use cases requested different categories of UAS, which are 

depicted in Table 2. 

 

 
Table 2. Types of UAS requested.  

UAS Type Number Requested 

Fixed-wing 818 

Helicopter 21 

2-copter 17 

4-Copter 6586 

5-copter 4 

6-copter 726 

8-copter 879 

12-copter 9 

All on Pre-approved list 1899 

Unknown/Proprietary/ etc. 273 

 

 

ñUnknownò UAS is a catch-all category for UAS that have little data easily available for identificationï

these UAS could be proprietary, or, for example, have poor manufacturerôs listed specifications. 

 

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., fixed-wing, helicopter, etc.) (Table 3). 

 
Table 3. Types of UAS.  

UAS Type Platforms Classified 

Fixed-wing 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 ñunknownò models in Table 3 roughly correspond to the ñunknownò type listed in Table 2. 

 

2.1.3.2.3 Broad Usage Requests 

During the data analysis process, the data were split into three categories: ñGrand Totals,ò ñOne General 

Use Totals,ò and ñMultiple General Use Totals.ò  A docket labeled as ñOne General Use Totalsò was 

defined as a 333 exemption that was granted for only one of defined general use cases, a docket labeled as 

ñMultiple General Use Totalsò was defined as a 333 exemption that was granted for two or more general 
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use cases, and the data used in the ñGrand Totalsò table added the information from the ñOne General Use 

Totalsò and the ñMultiple General Use Totalsò together.  The distinction between ñOne General Useò and 

ñMultiple General Usesò was drawn to highlight the trend of 333 applicants requesting exemption for 

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 general use and typically requested clearance for use from a 

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 cases.  Each 333 Exemption required a usage 

in the application.  These requestor-specific usages were sorted into broad categories of usage for the 

database, then further into narrower categories for more in-depth analysis.  These data are sorted into the 

definitions described earlier.  This tabular information is represented in Table 4 and in Figs. 3, 4, and 5 

below. 
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Table 4. Broad usage requests.  

 GRAND 

TOTALS  

ONE 

GENERAL  

USE 

MULTIPLE  

GENERAL  

USE 

AERIAL DATA COLLECTION 1865 437 1428 

Aerial Data Collection - Construction / Mining 62 26 36 

Aerial Data Collection - 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/Videography - Closed-set 

Filming 
1630 329 1301 

Aerial Photography/Videography - Construction 951 199 752 

Aerial Photography/Videography - General 6128 1648 4480 

Aerial Photography/Videography - News-Gathering 683 47 636 

Aerial Photography/Videography - Outdoor 

Activities 
279 41 238 

Aerial Photography/Videography - Real Estate 3336 773 2563 

Aerial Photography/Videography - Weddings 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 Agriculture 488 40 448 

        

EMERGENCY SERVICES 720 52 668 

Emergency Services - Crisis Response 254 37 217 

Emergency Services - General 443 4 437 

Emergency Services - Investigate Hazardous Regions 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 
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Table 4 continued. 

INSPECTION 7596 675 6921 

Inspection - Communications Structure 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 - Power Plants 575 98 477 

Inspection - Real Estate 401 47 354 

Inspection - Structure 951 109 842 

Inspection - 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/Rescue - General 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 
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Figure 3. 333 exemptions granted by general use case: Sep. 2014 ï Jun. 2016.   

 

 

 
Figure 4. 333 exemptions granted for single types of uses: Sep. 2014 ï Jun. 2016.   
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Figure 5. 333 exemptions granted for multiple types of uses: Sep. 2014 ï Jun. 2016.   

 

 

2.1.3.2.4 Use by UAS Type 

The uses of each exemption were analyzed further by first separating the 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 Table 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 many of the categorized platforms are manufactured by any 

particular company, as well as how many categorized platforms of each type of UAS (i.e., fixed-wing, 

helicopter, etc.) are manufactured by a particular company. 
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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 

Collection 

60 0 2 281 0 27 46 0 70 13 

Aerial 

Photography / 

Videography 

42 6 1 1766 0 176 213 7 467 57 

Aerial Surveying / 

Mapping 

101 1 0 132 0 17 21 0 62 9 

Agriculture 42 0 0 19 1 9 4 0 5 5 

Delivery 0 0 0 0 0 0 0 0 0 0 

Emergency 

Services 

5 0 0 39 0 10 3 0 3 0 

Flight Training / 

Education 

23 0 0 32 0 3 6 1 5 3 

Inspection 13 2 4 241 0 37 39 0 61 13 

Marketing 0 0 0 20 0 0 1 0 7 1 

Multiple 

Applications 

499 8 9 3913 3 428 521 1 1193 159 

Research 17 1 1 88 0 15 14 0 17 9 

Search / Rescue 3 0 0 14 0 1 1 0 4 2 

Surveillance, 

Monitoring, etc. 

13 3 0 41 0 3 10 0 5 2 
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2.1.4 Section 333 Use Case/DAA Data Call 

Approximately 4,500 333 exemption-holders were contacted by email with a similar message to that sent 

out in the FEDBIZOPS data call.  The responses appear in Appendix C.  The responses are re-structured 

but otherwise unedited responses from the exemption holders.  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 for each response 

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 and sewer line installations.  

 

Empire Unmanned.  POC: Joseph Stewart, joseph.swart@adavso.com  

Application: Agriculture 

Application: Mining 

Application: Aerial Surveying 

Application: Classification and Species Identification 

Application: Sawmill Inventory 

Application: Fire Fighting 

Application: Real Estate 

 

Boulder Emergency Services, POC: Steve Lanaghen, stevelanaghen@boulderrescue.org  

Search and Rescue 

 

Kansas State University.  POC: Travis Balthazor, travisb@ksu.edu  

Varied use cases 

 

2.1.4.2 Less Detailed Responses 

Delta Southern UAS.  POC: Preston White, preston@deltasouthernuas.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 Kowenski, jkowenski@survtechsolutions.com  

mailto:asommer@arvideo.com
mailto:joseph.swart@adavso.com
mailto:stevelanaghen@boulderrescue.org
mailto:travisb@ksu.edu
mailto:preston@deltasouthernuas.com
mailto:mike@mikeknudsenphotography.com
mailto:jkowenski@survtechsolutions.com
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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, Illinois.  POC: Lucy Chang, lucy.chang@dupageco.org  

Currently, the UAS is primarily used to inspect County flood control facilities and capture 

photographs and video footage from high elevations for 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. 

 

SelectTech GeoSpatial.  POC: Frank J. Beafore, fbeafore@sgamf.com  

Varied with development of UAS as a driver 

 

Forza RPV.  POC: Gil, gil@forzarpv.com  

sUAS powerline inspection program 

 

Atlanta Drone Operations.  POC: Pete Wambolt, pete@atldrone.com  

Variety of different operations.  Most of our uses are for aerial photography/videography.  Also 

have done work with 3D mapping and have worked on a few 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, water hazards 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 received.  The responses were first separated 

into two primary categoriesïfixed-wing UAS and multicopter UAS.  Once separated, key quantitative data 

points were analyzed for differences.  These data points were average flight duration (in minutes), average 

flight altitude (in feet above ground level), and average airspeeds (in miles per hour). The data are presented 

in Tables 6-7. 

 

 
Table 6. Multicopter characteristics.  

 Flight Duration 

(minutes) 

Flight Altitude (Feet 

AGL)  

Speed (MPH) 

Mean 20.34 154.31 17.97 

Standard Deviation 11.29 77.09 11.57 

Median 17.50 110 20.13 

 

 

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
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Table 7. Fixed-wing characteristics.  

  Flight Duration 

(minutes) 

Flight Altitude (Feet 

AGL)  

Speed (MPH) 

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 fixed-wing UAS.  Average flight duration, flight altitude, and speed of fixed-wing UAS 

are all nearly double that of the respective categories for multicopter UAS. 

 

Qualitative data about flight patterns used was also summarized.  Four general patterns were categorized ï 

elongated ñsò-patterns, cross/grid patterns, linear flight, and hovering/circling a target/object. The data are 

provided in Tables 8-9. 
 

 

Table 8. Flight patterns.  

 Multicopters Fixed-Wing 

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 fixed-wing aircraft, and real-world flight patterns and parameters show differences in the two 

primary categories. 
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Table 9. Flight pattern descriptions.  

Platform Location Takeoff Time Flight Duration  

Tarot 650 Quad Florida Usually Mid to Late Afternoon 

Typically 1 - 6 flights in a day lasting 4 - 12 minutes 

each, with the longest lasting up to 20 minutes 

Tarot 690 Hexa Florida Usually Mid to Late Afternoon 

Typically 1 - 6 flights in a day lasting 4 - 12 minutes 

each, with the longest lasting up to 20 minutes 

    

Sensefly eBee Ag 

Washington 

State and Idaho Dependent on client's needs 15 - 30 minutes 

 DJI Phantom 2 

Washington 

State and Idaho Dependent on client's needs 15 - 30 minutes 

    

DJI Phantom 2 

Boulder 

County, CO 

Most flights around noon, though some start as 

early as 09:00, and some start as late as 17:00 1 - 29 min with an average of 14 min 

 DJI Phantom 3 

Boulder 

County, CO 

Most flights around noon, though some start as 

early as 09:00, and some start as late as 17:00 1 - 29 min with an average of 14 min 

 DJI S1000 

Boulder 

County, CO 

Most flights around noon, though some start as 

early as 09:00, and some start as late as 17:00 1 - 29 min with an average of 14 min 

    

DJI S1000+ Central Kansas Typically close to solar noon 22 - 28 min 

3D Robotics Aero 

(built by Kansas 

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 Aero 

(built by Kansas 

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

3D Robotics Aero 

(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; DJI 

S900 

Mississippi 

Delta During Daylight Hours 

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

depending on the wind 

    

DJI Phantom 2+ V3 

Residential 

neighborhoods 

and business 

complexes Typically between 9am and 7pm > 20 min 

    
Non-specified 

Quad-Copter Southeast US During Daylight Hours 15 - 100 min 

Non-specified Fixed 

Wing Southeast US During Daylight Hours 15 - 100 min 

    

DJI Phantom 3 Pro 

Southwest 

Idaho Typically between 10am and 12pm local 10 - 20 min 

 DJI Inspire 1 Pro 

Southwest 

Idaho Typically between 10am and 12pm local 10 - 20 min 

    

DJI Phantom 3 

Dupage 

County, IL Varies 4 flights at a time of up to 15 min 

    

 

Springfield, 

OH   

    

Not specified Not specified Not Specified Not specified 

    
DJI Phantom 3 

Professional 

In and around 

Atlanta, GA 

Most flights take place between 10am and 4pm, 

though some will happen later for artistic reasons Around 15 min with 5 - 10 flights in total 

DJI Inspire 

In and around 

Atlanta, GA 

Most flights take place between 10am and 4pm, 

though some will happen later for artistic reasons Around 15 min with 5 - 10 flights in total 
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 DJI Phantom 3 

Anywhere in 

the United 

States Daytime business hours 15 - 60 min 

DJI Phantom 2; 

Anywhere in 

the United 

States Daytime business hours 15 - 60 min 

    

DJI Phantom 3 

Professional 

Midland / 

Odessa, TX 

area During daylight hours Up to 20 min 
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2.1.5 Fed Biz Opps Data Call 

The Fed Biz Ops data call was released by the FAA. 

 

The overall response to the Fed Biz Ops was not robust.  Some of the responders also included proposed 

enhancements to the current technology for use by BVLOS operators in the future.  The summary list of 

responses included the following: 

 

Stinger Ghaffarain Technologies (SGT) 

SGT provided a proposed ground-based 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 self-sensing 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 TRL9 - a GBDAA sensor which can detect a DJI Phantom-sized obstacle 

from 6 - 8.5 km away, and small manned aircraft from 15-20 km away. 

Harris Corporation 

Provided general information on its DAA systems.  

Thales Defense & Security 

Described a ground-based, passive detection system ï essentially a cloud of multiple ground-based 

sensors that are able to detect in 3D the locations of multiple aircraft, then feed that information 

into larger aircraft TCAS (Traffic Collision Avoidance System) systems and/or ATC systems. 

AirMap 

Described software designed to aid drone operators and manned aircraft in being aware of the 

otherôs presence in airspace. 

Empire Unmanned 

Described several general uses of sUAS. 

SRC Inc. 

Described a ground-based DAA system. 

Accelerated Development & Support (ADS) 

Proposed to do the research this program is intended to do ï collect use cases, evaluate DAA 

technologies (both onboard and ground-based), etc. 

 

The more detailed responses for the above are provided below. 

 

Stinger Ghaffarain Technologies (SGT) provides a proposed ground-based detect and avoid (GBDAA) 

technology.  They propose a use for this technology in rural areas with no sources of electromagnetic 

interference with the operating frequencies.  There may be other obstacles present in these cases when they 

do not interfere with the GBDAA systems, however.  One or more ground-based radar units could be paired 

with one or more Automatic Dependent Surveillance-Broadcast (ADS-B) ground receivers (and supporting 

equipment, such as antennae, power sources, etc.),  The data from the sensors display a visual depiction of 

the airspace state, with varying levels of integration of the sensed data.  They do not quantify how much 

time is sufficient for completing an avoidance maneuver, and assume that this will be supplied or 

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 descent at the maximum descent rate from wherever located), 

Land immediately, Terminate into an uncontrolled drop. 

 

SGT also proposed a concept of operations (not an actual use case) for use in Class G airspace.  In addition 

to detection technology and avoidance maneuvers, SGT proposes crew and procedures involving: 
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Supporting logic for decision-making, which can be automatic, procedural, or experience-based; Possibly 

one or more visual observers (VOs), to provide supplementary surveillance in the radar cone of silence; A 

suite of conflict resolution and avoidance procedures/maneuvers, issued under the direction of a single 

safety authority charged with safety-related decision making and establishment of contingency procedures 

to address emergencies arising from a compromise of the GBDAA system; Supporting crew members, with 

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

 

SoHaR Incorporated provided a proposed self-sensing error process for flight platforms.  The self-sensing 

process attempts to determine the discrepancy between a location that a pilot (or pre-planned flight plan) is 

trying to place the platform, and the actual location of the platform itself.  This proposed technology can 

do this whether the error is caused by hardware, software, or the environment.  The proposed system detects 

any error between the intended status of the platform by the PIC and the actual status of the platform itself, 

and directs the platform to its intended location.  No avoidant methods are discussed.  The intended process 

is to bring the output from the platform into agreement with the command from the PIC.  This is 

accomplished by feeding back a representation of the output and subtracting it from the command.  The 

difference between the two is the error signal that is used by the process to bring the output into closer 

agreement with the command.  Deterioration, such as friction of an output element, will cause an increase 

in its value.  Monitoring of the error signal can provide information 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 

technology, and some details on the TRL9ða GBDAA sensor which can detect a DJI Phantom-sized 

obstacle from 6-8.5 km away, and small manned aircraft from 15-20 km away.  It is capable of detecting 

hundreds of targets simultaneously and presents the information to the PIC in a Common Ethernet 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 for low-flying aircraft, an ability to track 

multiple platforms at a time (thus reducing cost), a reduced operating weight for the platform, and its 

inappropriateness for long endurance flights are provided. 

 

Harris Corporation provided general information on its DAA systems.  They synthesize real-time, FAA 

derived ADS-B data (en-route and terminal secondary surveillance radars, airport surface detection 

equipment-X band, Wide Area Multilateration, and flight plan data) to feed their Symphony line of 

platforms.  With the given information provided for their Symphony line, their RangeVue system easily 

incorporates additional surveillance sources, including third-party inputs; it conducts centralized DAA 

processing based on available input sources and trajectory predictions, and issues alerts, warning, and 

maneuver guidance to the PIC. 

 

The response from Thales Defense & Security described a ground-based, passive detection system ï 

essentially a cloud of multiple ground-based sensors that are able to detect in 3D the locations of multiple 

aircraft, then feed that information into larger 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 otherôs presence in airspace.  The software appears to alert UAS users of near-proximity 

manned aircraft through the use of flight tracking via Four-dimensional flight tacking, calculated from a 

UAS user or FAA-filed flight plan (no active tracking). 

 

The response from Empire Unmanned described several general uses of sUAS.  Five cases utilize a fixed-

wing aircraft.  These cases use the SenseFly eBee Ag. The first case was to collect images of fields for 

farmers to improve their practices.  The second case was to help mining operations calculate volumes of 

gravel piles, map terrain, and survey.  The third case was to survey engineering installations.  The fourth 

case is to collect spectrally-filtered images to identify aquatic plants.  The fifth case was to collect images 



 

25 

to aid a sawmill in calculating log stockpiles.  These use cases all used a combination of elongated 

serpentine and cross-pattern flight patterns. 

 

Two additional cases each used the DJI Phantom 2.  The first case was used for post-fire damage assessment 

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

response notes in particular this case was primarily reserved for large, secluded estates due to the rule of 

500ô separation from non-participants.  Neither of these cases used a particular flight pattern ï both were 

flown as necessary. 

 

The response from SRC Inc. described a ground-based DAA system.  The system looks at multiple ñshellsò 

of airspace (operational volume, where the UAS can be; Declarational volume, encompassing the 

operational volume and the edges of where the operator should be advised of another aircraftôs presence; 

and site surveillance volume, which encompasses the two smaller levels and is far larger than either).  Using 

a variety of sensors, the system detects and classifies the UAS and other aircraft, alerting the UAS 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 do ï collect use cases, evaluate DAA technologies (both onboard and ground-based), 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 detailed information 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 where a sUAS platformôs capabilities outside of the guidelines given for a 333 

exemption are discussed.  Ranges that are listed in the database are typically limitations given by the 

manufacturer.  In the manufacturersô given specifications of their platforms, it is not always apparent what 

the limiting factor is in the platformsô range (e.g. power limitations or communications limitations).  

However, in the instances where the effective distance in which the controller and sensors can communicate 

was given, a range of to 500 m to 50 km was provided.  Most of these cases can be placed into one of two 

categories: (1) those where the platformôs controller can only effectively communicate up to 1 km; and (2) 

those where the platformôs controller is listed as being capable of effective communication up to 5 km 

(usually with an explanation that this maintains FCC compliance).  In certain uses, manufacturers mention 

that the range can be extended through the use of relays. 

 

2.1.6.2 sUAS RLOS Boundary Recommendation 

These range limitations vary widely (ranging from 59 m to 265 km dependent on the platform).  It is 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 close to it), just as it is not immediately apparent what 

measures are being used to extend a platformôs range to the farthest distances from the operator.  As with 

the RLOS Limitation Assessment, most individual applications for 333 exemptions list ranges that fall into 

one of two categories: (1) those where the platformôs controller can only effectively communicate up to 1 

km; and (2) those where the platformôs controller is listed as being capable of effective communication up 

to 5 km. 

 

2.1.6.3 sUAS Use Case Data Collection/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 categories.  These categories 

included the following: 

 
Aerial Data Collection 

Aerial Photography/Videography 

Aerial Surveying/Mapping 

Agriculture 

Delivery 

Emergency Services 

Flight Training 

Inspection/Maintenance 

Marketing 

Multiple Applications 

Real Estate 

Research 

Search/Rescue 

Surveillance/Monitoring, etc. 

Training/Education 

Utility  

 

2.2 Radio Line Of Sight (RLOS) 

2.2.1 Test Plan 

2.2.1.1 Introduction  

A radio line-of-sight (RLOS) range that may be achieved in applications of small unmanned aircraft systems 

(sUAS) was developed.  Propagation is modeled using the well-respected Longley-Rice 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 will evaluate and analyze the variances between the Longley-Rice model with terrain, 

Longley-Rice model without terr1ain, and field truth measurements in a real-world setting.  A simplified 

model without terrain would be more easily incorporated into an operatorôs safety guideline as safe 

operational distances could be incorporated into aeronautical charts 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, 

table-based flight safety criteria, would be a valid option in the development of safety regulations and 

guidance for sUAS operations. 

 

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

¶ Terrain 

¶ Weather 

¶ Frequency in use 

¶ Antenna gains at the ground station and the aircraft 

¶ Transmitter power 

¶ Receiver sensitivity 

 

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 terrain.  The greatest ranges are achieved 

when using a high-gain 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 as well as 2.4 GHz bands, 

where both licensed and unlicensed operations are possible.  Achieving the benefits offered by a high-gain 

directional antenna, however, will usually require the operator to be licensed by the Federal 

Communications Commission (FCC) and to use 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 a real-world setting. 

 

2.2.1.2.1 Line of Sight Radio Propagation 

Line-of-sight radio propagation can be modeled in four regimes, of increasing range: 

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

is important. 

¶ Two-ray, which extends beyond the free space regime to the geometric horizon.  In this large range, 

the received signal is modeled as a direct ray plus a ray reflected from the terrain. 

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

horizon. 

¶ Scattering, which extends beyond the diffraction range. 

 

The RLOS range limit for sUAS applications typically will fall in the two-ray 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 to determine the horizon distance.  This is the range 

beyond which diffraction becomes important.  The situation is illustrated in Fig. 6. 

 

 

 
Figure 6. Horizon distance over irregular terrain.   

 

 

Here, he1 is the elevation of the antenna at the Ground Control Station (GCS), he2 is the altitude of the UAS, 

and dL1 and dL2 are the distances from each to the highest point of the intervening terrain.  The geometric 

LOS (Line of Sight) range is dL = dL1 + dL2.  From the figure, it is clear that if the UAS flies beyond this 

range (at altitude he2) it will lose the direct radio path and enter the diffraction regime. 

 

Mathematically, we can express the geometric line-of-sight range dL in terms of the antenna heights, the 

effective Earth radius1 a, and a terrain roughness factor æh, as in the Longley-Rice model (Table 10). 

 

 

                                                      
1 To accommodate the refractive index gradient near the Earthôs surface, a value of 4/3 the Earthôs actual radius is 

commonly used: a = 8497 km. 
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Table 10. Terrain roughness factor as in the Longley-

Rice model.  

Type of Terrain æh in m 

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 over a smooth surface are then 

 

   (1) 

 

from which the horizon distances over irregular terrain are computed: 

 

  . (2) 

 

Antenna heights in these formulas are in meters, and distances are in kilometers.  Figure 7 shows several 

cases of geometric range with a GCS antenna height of 2 m. 

 

 

 
Figure 7. Geometric horizon distance for GCS antenna 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 geometric line-of-sight (horizon) distance, depending 

on where the radio signal becomes too weak.  Pertinent radio characteristics include 

¶ Antenna gains at the GCS and UAS 

¶ Transmitter power 

¶ Receiver sensitivity 

¶ Frequency in use 

 

A number of online calculators are available that incorporate the Longley-Rice model, terrain databases, 

and user entries for the radio characteristics to produce detailed coverage maps.  One such online calculator 

is offered by the Canadian Communications Research Centre (CRC) at http://lrcov.crc.ca/main/.  An 

example output of such a calculator is shown in Fig. 8. 

 

 

 
Figure 8. Example RLOS coverage map (GCS at Las Cruces Airport).  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 formulation of RLOS range in terms of æh, UAS 

altitude, and radio specifications is required for the model. 

http://lrcov.crc.ca/main/
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2.2.1.2.2 Application to sUAS 

The Longley-Rice report (1968) includes methods for estimating signal loss over radio paths using either 

detailed knowledge of the terrain (as in Fig. 8) or more generically using a terrain roughness factor æh.  If 

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 Radio 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 unlicensed operation: 

¶ The ScanEagle sUAS (Wilke 2007) is reported to have an effective RLOS range of 50-100 km (30-

60 miles) at 2000 feet altitude, when using a 900 MHz control link and a 1.8 m dish antenna (Fig. 

9). 

¶ An example 900 MHz industrial radio (Freewave Technologies 2014) offers a power output up to 

1 W (30 dBm, the FCC limit), a receive sensitivity of -108 dBm, and a link range of up to 60 miles. 

¶ 900 MHz antennas for the GCS are available with a range of antenna gains.  For example, a GNS 

Wireless HG918G-NF dish has 18 dBi gain (16.5° vertical/horizontal beam 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 gain of -2 dBi. 

 

 

 
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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¶ Moisture in the atmosphere (snow, rain, or fog) and on vegetation can absorb radio frequency 

energy, especially around 2.4 GHz.  Lower frequencies experience less loss. 

¶ Wind does not affect the radio signal directly but can move or twist antennas.  This can move the 

beam of a highly directional (high-gain) antenna, resulting in a fluctuating received signal level.  

Another effect in arid areas is a build-up of static electricity on antennas due to wind-blown dust 

and sand.  In extreme cases, this can damage a sensitive radio receiver. 

 

The designers of LOS radio links usually compensate for weather effects by building in a ñfade marginò 

(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 

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 Longley-Rice model can be used to find the RLOS 

range limit.  Radio ranges can be evaluated using both a high-gain and an omnidirectional (omni) antenna.  

A 6 dBi omnidirectional antenna was chosen to yield 36 dBm EIRP (Equivalent Isotropically Radiated 

Power), the maximum allowed by the FCC for unlicensed operation in the 900 MHz band.  The link budgets 

are shown in Table 11. 

 

 
Table 11. Link budgets for high-gain and omni-directional antennas.  

 High-Gain Omni   

Transmit power 30 dBm 30 dBm 

Transmit antenna gain 18 dBi 6 dBi 

Receiver antenna gain -2 dBi -2 dBi 

Receiver sensitivity -108 dBm -108 dBm 

Fade margin 15 dB 15 dB 

Allowed path loss 139 dB 127 dB 

 

 

RLOS range limits for high-gain and omnidirectional GCS antennas at a height of 2 m are shown in Figs. 

10 and 11, respectively, 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 terrain (ground surface ï reference he2 in Fig. 6). 
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Figure 10. RLOS range for 900 MHz system, high-gain dish antenna 

2 m above ground.   

 

 

 
Figure 11. RLOS range for 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 terrain roughness at the 

two altitudes of interest (500 and 1000 feet above ground/nominal terrain ï reference he2 in Fig. 6), the 

results in Figs. 12 and 13 are obtained. 



 

33 

 

 

 
Figure 12. 900 MHz RLOS range vs terrain, high-gain dish 

antenna 2 m above ground.   

 

 

 
Figure 13. 900 MHz RLOS range vs 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 2 m case in Fig. 14, for 

aircraft altitudes of 500 and 1000 feet above ground/nominal terrain (reference he2 in Fig. 6). 
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Figure 14. 900 MHz RLOS range, high-gain dish antenna at 5 m vs 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 Fig. 15 to the 6 dBi omni at a height of 2 m. 

 

 

 
Figure 15. 900 MHz RLOS range, 6 dBi omni antenna 2 m above 

ground vs 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 as above are used, but with 2.4 GHz radios, the RLOS 

ranges shown in Figs. 16 and 17 are obtained (altitudes above ground/nominal terrain ï reference he2 in 

Fig. 6). 

 

 

 
Figure 16. RLOS range for 2.4 GHz system, high-gain 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 cases by free-space 

losses, not by the terrain or UAS altitude.  The free-space range limit is 22.3 km or 13.8 miles. 

 

2.2.1.2.3 Discussion 

When a directional antenna (18 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 are expected 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, 2 m above ground.   

 

 

The use of directional antennas, however, may be operationally challenging, especially at high gains, due 

to the need to point the 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 simplicity of an omni antenna. 

 

2.2.1.2.4 RLOS Model Conclusions 

RLOS operation of sUAS seems practical over distances of a few miles in mountainous terrain, and up to 

more than 50 miles over flat terrain.  The greatest ranges are achieved when using a high-gain antenna at 

the ground 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 Figs. 10 through 18 for the model are in Tables 12-17.  Altitudes shown 

are in feet above ground/nominal terrain (reference he2 in Fig. 6). 

 
Table 12. 18 dBi dish antenna, 2 m above ground for 900 MHz systems.  

 Very Smooth 

Plains 

Gently 

Rolling Plains 

Low Hills Mountains 

Altitude (ft) æh = 5 m 30 m 80 m 300 m 

100 15.1 13.8 11.2 4.9 

200 19.5 17.1 13.5 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 omni antenna, 2 m above ground for 900 MHz systems.  

Altitude (ft) æh = 5 m 30 m 80 m 300 m 

100 8.1 6.8 5.1 1.9 

200 11.8 9.2 6.5 2.3 

500 19.1 14.8 10.2 3.6 

1000 28.8 22.4 16.5 6.1 

2000 36.6 35.0 26.6 11.4 

 

 
Table 14. 18 dBi dish antenna, 5 m above ground for 900 Mhz systems.  

Altitude (ft) æh = 5 m 30 m 80 m 300 m 

100 37.4 32.4 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 dBi whip antenna, 1 m above ground for 900 Mhz systems.  

Altitude (ft) æh = 5 m 30 m 80 m 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 dBi dish antenna, 2 m above ground for 2.4 GHz systems.  

Altitude (ft) æh = 5 m 30 m 80 m 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 m above ground for 2.4 GHz systems.  Gray shading indicates 

range limited by free-space attenuation, not terrain or aircraft altitude.  

Altitude (ft) æh = 5 m 30 m 80 m 300 m 

100 13.8 13.8 6.1 0.3 

200 13.8 13.8 8.5 0.4 

500 13.8 13.8 13.8 1.0 

1000 13.8 13.8 13.8 2.3 

2000 13.8 13.8 13.8 6.6 
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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 Chihauhuan Desert Ranchland Research Center (CDRRC) (Figs. 19-20).  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 Mexico as originally 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, Consumer, and Environmental Sciences.  Established in 1927 to conduct ñeducational, 

demonstrative, and experimental development with livestock, grazing methods, and range forage,ò the 

CDRRC is administered by the NMSU Board of Regents. 

 

The Center is located in Doña Ana County, New Mexico, at the southern end of the Jornada Plain.  Now 

divided by Interstate 25, the Center encompasses almost 100 square miles, with one-fourth of the land west 

of the interstate. 

 

Land on the Center varies widely, with elevations from 4,000 ft on the Rio Grande flood plain on the west 

side to 5,840 ft at the top of Summerford Mountain in the Doña 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 basin, with several 

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 along the 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.  These mesquite stands 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.  Mountain lions have 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 on the 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 steering committee 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 Basin Long-Term 

Ecological Research projectða National Science Foundation Ecology Network.  Current research efforts 

include: 

¶ Evaluating continuous and seasonal grazing strategies at different intensities to determine effects 

on livestock performance as well as plant cover and composition. 

¶ Evaluating performance of 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 common plant species. 

¶ Ascertaining the role of small herbivores in a desert environment. 

 

In addition to research conducted by the Department of Animal and Range Sciences, faculty and graduate 

students from other NMSU departments are conducting research at the Center.  Currently, much of the 

research is in conjunction with the Long-Term 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 projects with livestock, 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 genetics, desertification, 

entomology, geology, grazing management hydrology, plant diversity, rangeland resource management, 

rangeland restoration, soils, watershed management, and wildlife. 

 

Also unique to the CDRRC is former industry-based research facility related 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 Physical Sciences Laboratory (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 

Authorization (COA) also covers this airspace.  NMSU/PSL has significant UAS operating experience with 

a variety of UAS platforms in nearby airspace for low-altitude 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 Ranch headquarters 

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, and unimproved two-track 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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Figure 19. Satellite view of CDRRC.   

 

 

 
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 collection.  The tower is in a fixed position so that any 

measurements will be consistent and repeatable.  A tethered UAS was considered but winds aloft still would 

impact the precise location during data collection.  A sUAS transmitter will be located at the top of the 

tower in various orientations as part of the test setup.  From the tower location, simulating a UAS operating 

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 ground.  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 Doña Ana Mountains.  Figures 

21-22 show the proximity of the tower to Summerford Mountain.  Figure 23 depicts a close-up of the top 

of the tower.  Figure 24 shows the tower facing southwest.  Figure 25 shows the tower facing east.  Figure 

26 depicts the solar array and the energy distribution building.  Figures 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 showing proximity to 

Summerford Mountain.   
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Figure 23. Close-up view of top of the tower.   

 

 

 
Figure 24. 100 ft research towerðview is 

generally southwest.   
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Figure 25. 100 ft research towerðview is 

approximately to the east.   

 

 



 

46 

 
Figure 26. Solar array and power distribution building for the tower.   

 

 

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

 

 



 

47 

 
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 entire airborne 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 Rice propagation model with and without terrain mapping.  The 
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battery pack for the communication system on the tower will be in two different states during 

measurements, fully charged and 50% charged.  A comparison of calculated RLOS and measured coverage 

will be performed to validate the effectiveness of the Longley-Rice 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 Mexico.  A 

sUAS (and/or transmitter) will be mounted at the top of the tower.  The GCS for the UAS will be operated 

at a variety of directions and distances (including plains to the north and mountains to the southeast) from 

the tower.  Using the Longley-Rice propagation model, a calculation will be made for the predicted 

performance of both a directional (1 watt, 6 dBi gain) and omni antenna (100 mW, 2 dBi gain) operating at 

900 MHz.  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 Fig. 31.  For an omni antenna, the 

representative parameters are included in Fig. 32, and the resulting predicted coverage is shown in Fig. 33.  

The altitude for both the antennas is fixed at 100 ft AGL, which is the height of the tower.  The model will 

be modified with the specific antenna and transceiver used in the test prior to the actual field test.  The 

figures shown below are the Longley-Rice propagation model with terrain mapping.  Actual testing will 

include overlaying the Longley-Rice model without terrain mapping so that a comparison of the two models 

versus field measurement can be performed. 

 

2.2.1.4.1.1 Test Apparatus 

A 3-D Robotics 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 four test conditions (facing north, 

south, east, and west) at the top of the tower.  The control station will be activated at multiple test points 

(including plains to the north and mountains to the southeast) to determine the actual coverage 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 sUAS 

control function indication assuming the entire airframe is mounted on the tower vs. just a sUAS transmitter.  

The control function (TBD) will demonstrate actual control and response to a specific flight function such 

as camera control or control surface change (aileron, flaps, etc.).  The control function is a pass/fail type 

measurement.  Since the CDRRC exists in a low humidity environment (range of 8 to 77% relative 

humidity), when possible, measurements will be conducted for both humidity extremes.  Weather 

conditions (temperature, humidity, and air speed) will be recorded during each test. 
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Figure 30. Longley-Rice propagation model 100 ft AGL, directional antenna (1 W, 6 dBi).   
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Figure 31. Predicted coverage for directional antenna (1 W, 6 dBi) at 100 ft AGL.   
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Figure 32. Longley-Rice propagation model 100 ft AGL, omni (100 mW, 2 dBi) antenna.   
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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 One.  Environmental 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 the opportunity for the collection of a variety of data points that could be used to 

test the RLOS models.  However, these tests are constrained by the overall height of the tower.  In order to 

gather higher altitude test data, Phase Two will include actual UAS flights 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 tower.  Data obtained from the Phase One testing will be used to develop a 

safety margin for Phase Two testing.  Phase Two testing will more closely emulate real flight conditions 

and various airframe orientations.  Battery condition will be charged fully prior to each flight and monitored 

during flight.  Again, utilizing the Longley-Rice propagation model (with terrain), representative 

calculations were made for the directional and omni antennas at 400, 500 and 1000 ft AGL.  The parameters 

for the directional antenna for the higher altitudes are the same as those shown in Fig. 30 except for the 

variance in altitude.  The predicted coverage for the 400 ft altitude is reflected in Fig. 34.  The predicted 

coverage for the 500 ft altitude is shown in Fig. 35; and 1000 ft in Fig. 36.  The parameters for the omni 

antenna for the 400 ft altitude are shown in Fig. 37, 500 ft in Fig. 38, and the predicted coverage for the 
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1000 ft altitude is reflected in Fig. 39.  Figure 40 shows an overlay of the 100 ft (Phase One) predicted 

coverage versus the 400 ft (Phase Two) predicted 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 of RLOS 

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 function.  The control function (TBD) 

will demonstrate actual control and response to a specific flight function such as camera control or control 

surface change (aileron, flaps, etc.).  The control function is a pass/fail type measurement.  Weather 

conditions (temperature, humidity, and air speed) will be recorded during each test. 

 

 

 
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 antenna (1 W, 6 dBi gain) at 1000 ft AGL.   
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Figure 37. Predicted coverage for omni antenna (100 mW, 2 dBi gain) at 400 ft AGL.   

 

 



 

57 

 
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 versus 400 ft AGL overlay.   

 

 

2.2.1.4.2.3 Deliverable 

Test reporting for the Phase Two activities will result in a unique test report.  The data included in this 

report will summarize all the information from the Phase Two activities.  Any recommendations for follow-

on testing will be included as lessons learned.  The RLOS model also will be restated with any 

recommended changes to the parameters and also will be communicated as a final recommendation to the 

FAA. 

 

2.2.1.5 BVLOS Technology Tests 

A variety of airborne and ground-based technologies for detecting, sensing, and avoiding other aircraft will 

be tested starting in the near future for the safe operation of sUAS BVLOS.  These technologies will be 

identified by a recent Request for Information distributed by NMSU as part of the FAA UAS COE BVLOS 

funded research.  These technology tests will take place primarily on the 100 square miles of the CDRRC.  

As the specific technology is selected for testing, a unique test plan will be developed to guide the test and 

evaluation activities, or will 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 (UND) Alliance 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 weighing under 55 lbs (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 radio line-of-sight (RLOS) connection 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 (Cathey 2016).  In that report various modeling 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 Longley-Rice Irregular Terrain Model (Longley and Rice 1968), which was developed by 

the U.S. Department of Commerce in 1968.  The 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 between the Longley-Rice model with 

terrain, Longley-Rice model without terrain, and field truth measurements in a real-world setting.  A 

simplified model without terrain would be more easily incorporated into an operatorôs safety guideline as 

safe operational distances could 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, table-based flight safety criteria, would be a valid option in 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: 

Å Terrain 

Å Weather 

Å Frequency in use 

Å Antenna gains at the ground station and the aircraft 

Å Transmitter power 

Å Receiver sensitivity 

 

This test reportôs purpose is to present a set of measured field data and compare to the simplified Longley-

Rice Irregular Terrain Model, and to an available online calculator.  The comparison to real world data 

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 BVLOS 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 (CRADA) 16-23 between 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 for the maximum reliable distance for a typical small UAS transceiver.  The goal was to determine if 

the E. Johnson version of the Longley-Rice (L-R) model described in Cathey (2016) with no terrain 

database can be used to as the basis for a simplified methodology to 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: 

Å 100 mW output power 

Å -121 dBm receive sensitivity 

Å Based on HopeRFôs HM-TRP module 

Å RP-SMA connector 

Å 2-way full-duplex communication through adaptive TDM 

Å UART interface 

Å Transparent serial link 

Å MAVLink protocol framing 

Å Frequency Hopping Spread Spectrum 

 

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 Indicator) of both the control unit (laptop) and the remote unit.  RSSI can 

be converted to Signal Strength in dBM using the formula: 

 

  Signal Strength (dBm) = RSSI/1.9 ï 127. (3) 

 

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, assuming a -121 dBm receiver sensitivity. 

 

The second unit radio with antenna was either connected to a fixed 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 below a quad-copter 

(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 been compared to model estimates. 

 

Field results were plotted and then compared to both an on-line calculator (incorporates the Longley-Rice 

(L-R) model, terrain databases, and user entries for the radio characteristics to produce detailed coverage 

maps (http://lrcov.crc.ca/main/) and a simplified Longley-Rice 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. 

 

2.2.2.3 Flight Test Area 

Static and flight test operations were centered at latitude 32.51716, longitude -106.83065, on the 

Chihuahuan Desert Ranchland Research Center (CDRRC).  The terrain consists of high desert scrub to the 

north and igneous mountains to the south.  This area is on gated access controlled property owned by 

NMSU.  Details and pictures of the CDRRC were noted in the test plan (Cathey 2016).  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 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 low-altitude 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 has a single residence at the Ranch headquarters 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, and unimproved two-track roads.  There is only small acreage at the northern perimeter 

http://lrcov.crc.ca/main/
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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 experiments are ideal 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 turned on 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 considerations, 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 tower are show below in 

Figs. 41-44. 

 

 

 
Figure 41. View to the south from the antenna tower.   
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Figure 42. Overhead view of the antenna tower.   

 

 

 
Figure 43. View from the UAS of the tower and to the southwest.   
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Figure 44. View from the tower to the southeast.   

 

 

2.2.2.4 Test Payload and Fixtures 

Tests 1 and 2, at an AGL of 20 ft, had the remote unit mounted to a pole mast.  For the subsequent tests, 

the test platform for the remote unit was a payload slung under a quad-copter for the field test data points 

at 100, 200, 300, and 400 ft AGL.  As noted before, the remote unit consisted of the Pixhawk flight control 

unit, a 3DR V2 915 MHz radio @ 100 mW, and a battery pack.  Figures 45-47 show the fixed mast pole 

and the flight configurations. 
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Figure 45. Remote antenna unit at 20 ft AGL, Pole Mast Mount.   
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Figure 46. Quad-Copter with payload.   
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Figure 47. Quad-copter with payload ascending to 100 ft AGL.   

 

 

2.2.2.5 Test Data for 20 ft AGL 

Initial data points were collected with the remote transmitter mounted on a 20 ft pole mast.  The test 

equipment was the same as noted above and the same as was used for the 100 ft test with the exception that 

the remote was mounted on a mast rather than a payload attached to a quad-copter.  On-line coverage 

estimates where generated at this altitude only.  These initial tests were done to confirm all of the equipment 

was working and the approach was 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 Tables 18 and 19. 
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Table 18. Test 1 data points (T1).  

 
 

 
 

 
 

Test Time Op Check DLOS Distance Fade Margin

Point LAT LON Local Pass/Fail T F meters Remote Controller Remote Controller Remote (dB) RSSI dBm

1 32.51955 -106.8330811:30:00 AM N/A TRUE 350 64 63 -93.32 -93.84 27.68 30 -111.21

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 -110.68

4 32.52663 -106.8132211:53:00 AM 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 -108.58 -108.58 12.42 31 -110.68

6 32.53407 -106.8091012:00:00 PM N/A TRUE 2760 45 49 -103.32 -101.21 17.68 30 -111.21

7 32.53988 -106.8169612:09:00 PM N/A TRUE 2834 68 70 -91.21 -90.16 29.79 41 -105.42

8 32.54507 -106.8247312:13:00 PM N/A FALSE 3153 35 38 -108.58 -107.00 12.42 34 -109.11

9 32.54528 -106.8355612:19:00 PM N/A TRUE 3161 52 53 -99.63 -99.11 21.37 31 -110.68

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 -109.11

12 32.54992 -106.8630412:30:00 PM N/A TRUE 4742 34 34 -109.11 -109.11 11.89 31 -110.68

13 32.55561 -106.8642112:40:00 PM N/A TRUE 5308 0 36 -127.00 -108.05 -6.00 31 -110.68

14 32.54085 -106.8611112:52:00 PM N/A TRUE 3885 0 35 -127.00 -108.58 -6.00 32 -110.16

Cntrl Position RSSI Signal Stength (dBm) Noise Floor

Date 1/12/20017

Rem Pos 32.51716 -106.83065

Recv Sens -121

Clouds

Temp(F) Humid (%) Solar Wind (mph) Pres (inHg)

60 25 <10 29.96

partly cloudy
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Table 19. Test 2 data points (T2).  

 
 

 
 

 
 

Test Time Op Check DLOS Distance Fade Margin

Point LAT LON Local Pass/Fail T F 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 -110.68

2 32.51158 -106.83715 7:39:00 AM N/A FALSE 870 0 36 -127.00 -108.05 -6.00 35 -108.58

3 32.51005 -106.83727 7:44:00 AM N/A FALSE 1005 0 43 -127.00 -104.37 -6.00 29 -111.74

4 32.50903 -106.83742 7:50:00 AM N/A FALSE 1105 40 42 -105.95 -104.89 15.05 31 -110.68

5 32.50931 -106.83860 8:07:00 AM N/A FALSE 1148 0 31 -127.00 -110.68 -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 -106.83965 8:23:00 AM N/A FALSE 1725 0 25 -127.00 -113.84 -6.00 26 -113.32

8 32.50162 -106.84080 8:29:00 AM N/A FALSE 1973 0 29 -127.00 -111.74 -6.00 30 -111.21

9 32.50463 -106.84349 8:37:00 AM N/A FALSE 1841 0 20 -127.00 -116.47 -6.00 30 -111.21

10 32.50421 -106.84696 8:40:00 AM N/A FALSE 2101 0 24 -127.00 -114.37 -6.00 26 -113.32

11 32.51667 -106.8414510:24:00 AM N/A TRUE 1014 43 45 -104.37 -103.32 16.63 30 -111.21

12 32.51891 -106.8457010:29:00 AM N/A TRUE 1424 40 43 -105.95 -104.37 15.05 32 -110.16

13 32.52132 -106.8503210:34:00 AM N/A FALSE 1901 36 37 -108.05 -107.53 12.95 32 -110.16

14 32.51981 -106.8537410:42:00 AM N/A TRUE 2185 49 49 -101.21 -101.21 19.79 30 -111.21

15 32.51955 -106.8531710:46:00 AM N/A FALSE 2128 0 35 -127.00 -108.58 -6.00 35 -108.58

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 -110.16

18 32.52526 -106.8158711:21:00 AM N/A TRUE 1653 46 46 -102.79 -102.79 18.21 30 -111.21

19 32.52711 -106.8122311:24:00 AM N/A TRUE 2051 38 40 -107.00 -105.95 14.00 28 -112.26

20 32.5309 -106.8050211:30:00 AM N/A TRUE 2848 36 38 -108.05 -107.00 12.95 24 -114.368

21 32.52928 -106.802111:35:00 AM N/A FALSE 2997 0 33 -127.00 -109.63 -6.00 28 -112.263

22 32.5276 -106.8010611:43:00 AM FALSE 3007 0 27 -127.00 -112.79 -6.00 29 -111.737

Cntrl Position RSSI Signal Stength (dBm) Noise Floor

Date 1/13/20017

Rem Pos 32.51716 -106.83065

Recv Sens -121

Clouds

Temp(F) Humid (%) Solar Wind (mph) Pres (inHg)

60 25 <10 29.96

partly cloudy
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The data above were compared to an on-line calculator using user entries for the radio characteristics to 

produce detailed coverage maps (http://lrcov.crc.ca/main/).  The calculation pages are shown in Fig. 48.  

The resulting on-line coverage map is shown in Fig. 49. 

 

 

 
Figure 48. On-Line L-R input parameters for 20 ft AGL.   

 

 

http://lrcov.crc.ca/main/
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Figure 49. On-Line L-R coverage map for 20 ft AGL.   

 

 

Figure 50 illustrates test 1 and 2 data points.  With what will also be seen with the 100 ft AGL tests, the 

signal strengths below -108 dBm are too low for reliable connection even though the advertised sensitivity 

of the units is -121 dBm. 
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Figure 50. Test 1 and 2 data points with distances for 20 ft AGL.  Green indicates test points that had communications 

and valid data linkage between the remote and the controller such that data could reliably be passed 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 On-Line Longley-Rice (900 MHz, 100 mW transmitters), 100 ft AGL are provided 

in Fig. 51.  It should be noted that: 

Å No Receiver Sensitivity Input parameter available in this application, 

Å Dielectric constant is Normal Ground (15), 

Å Conductivity is for poor soil conditions (0.001). 
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Figure 51. On-Line L-R coverage input parameters for 100 ft AGL.   

 

 

The resulting coverage map based on the On-line Longley-Rice Tool showing Boundary/Road Crossing 

Measurement Positions at maximum range estimates for 100 ft AGL remote antenna is shown below in Fig. 

52.  Corresponding data points are provided in Table 20. 
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Figure 52. Estimated RLOS coverage from on-line calculator for 100 ft AGL.   

 

 
Table 20. Calculated data points for RLOS coverage from on-line calculator 

for 100 ft AGL.  

Location Latitude Longitude Distance (miles) 

Tower 32 31 1.65 -106 49 50.59  

Point 1 32 31 51.2 -106 46 28.4 3.41 

Point 2 32 33 50.5 -106 48 15.9  

Point 3 32 34 0.4 -106 50 55.4 3.44 

Point 4 32 32 46.4 -106 52 55.3  

Point 5 32 30 0.7 -106 51 39.3 2.11 

 

 

The coverage from E. Johnsonôs Longley-Rice Model (900 MHz, 100 mW transmitters) showing maximum 

ranges with -121 dBm and -108 dBm receiver sensitivity using terrain roughness types of smooth plains 

and low hills is presented in Fig. 53 and the associated data in Table 21. 

 

 






























































































































































































































































































































































































































































































































































































































































































































































































































































































