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US15-TERWILLIGER

UAS CAPABILITIES AND PERFORMANCE MODELING FOR
APPLICATION ANALYSIS

Brent Terwilliger,” Dennis Vincenzi,! David Ison,* Rene Herron,}
and Todd Smith~

Our team of researchers from Embry-Riddle Aeronautical University-
Worldwide has been actively compiling published performance data associated
with commercially-off-the-shelf (COTS) group 1 to 3 fixed-wing and vertical
takeoff and landing (VTOL) unmanned aircraft systems (UAS) in an effort to
develop statistical models of each category. The captured data, which includes
maximum speed, cruise speed, endurance, weights, wind limitations, and costs,
is used to calculate capabilities including range (one-way and return), time to
objective, station keeping duration, maneuver requirements, and derive limited
missing information (e.g., component speeds and weights). The benefit from as-
sembling such a unified collection of information and the calculation of associ-
ated derived capabilities is that these models are anticipated to accurately reflect
the capabilities, limitations, and considerations necessary in the assessment of
such platforms for various applications and operating environments. These mod-
els will be available for combination with simulation or analyses to better assess
end usability of these categories of aircraft for a significant number of applica-
tions including, emergency response, disaster relief, precision agriculture, secu-
rity, tactical, communications, environmental study, infrastructure inspection,
cargo delivery, and mapping/surveying.

INTRODUCTION

New applications for unmanned aircraft systems (UAS) are being established at an increasing
rate in connection with technological advances, operational enhancements, and improved capabil-
ities awareness.'* Some uses of this technology are typical (e.g., open air operations such as infra-
structure inspection or agriculture operations),** while others, including emergency response, are
more limited due to location and airspace restrictions. The integration and implementation of
new technology into UAS operations and application requires practice, planning, and experimen-
tation to ascertain optimal system configuration based on known capabilities, performance, envi-
ronmental factors, and operational needs. Being able to plan, visualize, and incorporate as many
such known variables into a viable model for evaluation, training, and simulation purposes is key
to ensuring operational safety, efficiency, and effectiveness.
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Researchers have recognized the criticality of performing in-depth analyses of the UAS con-
figuration and environment, before initiating operations.** The results of analysis provide poten-
tial users with the ability to examine, plan, visualize, and familiarize themselves with employ-
ment of various UAS technologies to best support intended use and maintenance of safety.”* Ad-
ditionally, contingency preparation and mission planning can be strengthened based on accurate
use of likely conditions and relevant factors, including weather; time of day; personnel on duty;
training and certification of users; system capability; sizing and placement of routes, orbits, and
waypoints; equipment staging locations; requisite sensor packages; and mission parameters. "

Benefit

UAS can provide significant benefit to users and the public, including enhancement of capa-
bility and reduced potential for harm, especially in those scenarios that involve removing person-
nel from dangerous environments or requiring performance of high risk actions.**!""'* UAS enable
and support expedited response to emergency scenes; remain aloft for significant periods; capture
data from dynamic and elevated perspectives, while en-route and over scene; operate in danger-
ous environments; and relay critical information to those in command of coordinated efforts.”
Despite these potential advantages, numerous tradeoff considerations must be made against
known limitations, including endurance, range, speed, payload capacity, ability to operate in in-
clement weather, and budget, to ensure optimal advantage, while reducing potential risk to per-
sons, property, or ability to complete the mission.**

Challenges

The current U.S. regulatory framework for operation of UAS, established by the Federal Avia-
tion Administration (FAA), requires review and approval of proposed operations through award
of a certificate of waiver or authorization (COA), special airworthiness certificate-experimental
category (SAC-EC), or type and airworthiness restricted category." In February of 2015, the FAA
released a notice of proposed rulemaking (NPRM) to amend current regulations to permit limited
operation of small UAS (sUAS; under 55 pounds), given they are operated by a pilot in command
(PIC) who has successfully completed an aeronautical knowledge-examination.” While flights
under NPRM amendments are envisioned to enhance user capability they will still present signif-
icant limitation to support activities such as emergency response by not permitting operations
outside of daylight, visual flight rule (VFR), or visual line of sight (VLOS) conditions.’ It is pos-
sible that the proposed rules will be further amended to permit such operations through individual
exemption or waiver for those that can demonstrate risk mitigation using enabling technologies or
methods in a manner similar to how Section 333 COA petitions are reviewed and approved (i.e.,
enhancement of command and control through advanced human machine interfaces [HMIs] or
detect, sense, and avoid [DSA]).*" The effectiveness of such an exemption or waiver process will
require provision of capability exceeding that proposed under the current NPRM? and the recently
released FAA interim policy of Section 333 exemption COA holders to fly “anywhere in the
country except restricted airspace and other areas, such as major cities, where the FAA prohibits
UAS operations” (para. 3).'

Identifying and integrating new UAS technology and techniques into applications, such as
emergency response, requires thorough review and considerations of regulatory compliance, ca-
pabilities, limitations, challenges, benefits, and environment to ascertain optimal system configu-
ration and development of an appropriate concept of operation (CONOP).**”7 Such review can be
accomplished through analysis of known metrics associated with UAS performance, regulatory
and operational requirements, and environmental factors exhibited or evidenced in past operation,
research, or survey. Examples include performance of risk, cost-benefit, system, environmental,
performance, and electromagnetic propagation assessments.**** Achieving optimal UAS capabil-
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ities, such as in support of emergency aviation response, requires planning and configuration of
applicable components to provide appropriate situational awareness (i.e., spatial and state repre-
sentation) to the respective user in an intuitive, flexible, adaptable, and standardized manner.>'¢
By achieving an improved understanding of the limitations and constraints of the UAS configura-
tion, HMIs, and CONOP it is anticipated that operational safety, efficiency, and effectiveness can
be established and maintained, thereby reducing the potential for accident or harm.

PURPOSE

Determining applicability and suitability of specific UAS platforms to perform given tasks or
missions requires thorough review and analysis prior to selection, acquisition, and operation of
the system.”’”'” Performing effective analysis requires the capture and provision of prerequisite
information inputs detailing the attributes of candidate platforms relating to the intended use, such
as capabilities and constraints.*'*'” In support of this need, the research team endeavored to cap-
ture or derive performance data of commercially-off-the-shelf (COTS) group 1 to 3 fixed-wing
and vertical takeoff and landing (VTOL) UAS to develop statistical performance models of each
category (base group 1-3 categories and assignment attributes based on Department of Defense
[DOD] UAS organizational schema'®). This captured data, which includes maximum speed,
cruise speed, endurance, weights, wind limitations, and costs, is intended to be used in analysis to
calculate capabilities including range (one-way and return), time to objective, station keeping du-
ration, and maneuver requirements. The benefit from assembling such a unified collection of in-
formation and the calculation of associated derived capabilities is that the resulting category rep-
resentative UAS performance models are anticipated to accurately reflect the capabilities, limita-
tions, and considerations necessary in the assessment of such platforms for various applications
and operating environments. These models will be available for combination with simulation or
analyses to better assess end usa'bility of these categories of aircraft for a significant number of
uses including, emergency response, disaster relief, precision agriculture, security, tactical, com-
munications, environmental study, infrastructure inspection, cargo delivery, mapping, and survey-
ing.

To determine the potential use of such UAS performance models an example application
analysis framework specific to aircraft rescue and fire fighting (ARFF) response was developed
and tested. This initial effort represents a case study into the potential effectiveness of such mod-
els to support development of application unique platform requirements, refinement of an initial
theory of operation, and improvement of analysis methods. The intent was to observe and docu-
ment the utility of employing UAS statistical models for use in evaluating suitability for applica-
tion, effectiveness of platforms, and identification of important limitations, constraints, or attrib-
utes.

RESEARCH

At the initiation of this project a multiple stage research and development plan was created
and implemented to study and analyze potential UAS platform configuration performance for
given applications. This plan was constructed in a manner supporting initial development, further
refinement, incorporation of new information, and performance of validation and verification of
findings. This approach supported the initial investigation and development of category repre-
sentative UAS performance models, an application analysis framework, and other requisite ele-
ments; theory of operation, 30 experimental trial scenarios, and assumptions. As UAS exhibit
many attributes and characteristics perceived to be beneficial to ARFF response, this application
was selected as a case for initial use of category representative UAS performance models to sup-
port investigation and analysis into their potential effectiveness and the capability of the UAS
configuration to perform the desired task. The intent was to determine what category and type of
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UAS-ARFF Application Analysis Framework

This project featured the development of an experimental application analysis framework,
termed Capability Analysis and Effectiveness Response for Unmanned Systems (CAERUS).
CAERUS was conceptualized and designed to support exploration and examination of any poten-
tial unmanned system configuration use, especially UAS. For this research the framework was
specifically tailored to perform analysis of UAS-ARFF response, supporting loading of experi-
mental trial details (imported parameters), implementing the theory of operation. and performing
necessary calculations to determine response rate (criterion variable) of each treatment (experi-
mental APMs and conventional ARFF control treatment). To support execution of requisite cal-
culations a series of constants (across all experimental trials) were defined, including model at-
tributes (APM elements) and position of the ARFF facility where the UAS was launched and re-
covered. The remaining details of the trial were calculated by operational stage, established for
each major maneuver of the aircraft to specific waypoints in accordance with the theory of opera-
tion (launch, launch complete [ascend], WPI [orbit entrance], WP2 [orbit exit], WP3 [descend].
and WP4 [recovery]; see Figure 1). Performance calculations were carried out at each stage and
treatment sequentially, taking into account possible effects of distance, altitude changes, endur-
ance level (power remaining), and wind (speed and direction) on treatment response. Assump-
tions were made that environmental conditions were suitable to support UAS flight operations
(i.e., acceptable visual conditions, precipitation levels, and wind not exceeding 11 kts), airspace
within the operational area is free of traffic (de-conflicted), and that both conventional ARFF and
experimental UAS responses were initiated (launched) concurrently.

The performance results of individual APMs (experimental treatments) in each trial were cal-
culated, resulting in a series of parameters that could be statistically compared through analysis.
These values included indications whether the specific model exhibited sufficient endurance or
range to perform the required flight plan, time required to reach the crash site, and time to com-
plete the entire route. The time required for conventional ARFF to respond (control treatment)
was calculated using a formula developed by the RAND Institute to approximate fire apparatus
response time (time = .65 + [1.7 x distance]).** Some of the scenarios included scene conditions
unnavigable to conventional ARFF using road vehicles, necessitating calculation of an additional
response time when hiked (at a speed of 4.5 miles per hour [mph]), which was added to the vehi-
cle-based response time. The total distance travelled by conventional ARFF was calculated by

combining the driveable and undriveable distance values.

Each scenario was subject to variation of accident distance, based on random accident scene
placement, necessitating computation of a metric comparable among all scenarios and treatments.
Response rate (speed) was selected for this purpose as it would vary based on model performance
within each scenario, but not by differing distances. The response rates for each treatment, in all
scenarios, were calculated by dividing distance traveled (sm) by response time (hours). The mean
response rates of the seven treatments were calculated, statistically compared, and analyzed. The
findings indicated some UAS platforms would be capable of faster response than conventional
ARFF (29.09 mph), specifically group 2 (46.39 mph) and 3 (62.88 mph) fixed-wing and group 3
VTOL (47.09 mph). Group 1 fixed-wing (32.44 mph) and group 2 VTOL (29.30 mph) achieved
similar response speeds, while group 1 VTOL (16.23 mph) exhibited the slowest rate.

DISCUSSION

The benefits of using modeling and simulation (M&S) to accurately evaluate various UAS
platforms are many, but the most obvious are savings in terms of time and money, repeatability,
and the ability to vary conditions to test out multiple platform configurations (APMs) under vary-
ing conditions. In most general terms, a model consists of some system specification or set of
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The current study analyzed 268 unique platforms and 282 configurations in a series of simu-
lated responses to aircraft accidents including the deployment, flight to scene, observation of sce-
ne, site orbiting, and return for recovery. The analysis yielded specific UAS types that would be
most applicable for ARFF operations, namely group 2 and 3 fixed-wing and group 3 VIOL plat-
forms. By providing evidence based findings, UAS and ARFF stakeholders can best recognize
system limitations, performance, and applicability of platforms to best matching needs with capa-
bilities avoiding unnecessary frustrations as well as wasted monetary and opportunity costs. Alt-
hough this study establishes a significant foundation of data, additional inquiry is necessary to
confirm the present findings and to expand the scope of the compatibility of mission and platform
capabilities. Future research is planned to refine CAERUS to improve trajectory and maneuvers,
compare additional categories or individual configurations, and evaluate UAS in varied environ-
mental and visual conditions. The creation of new APM categories, such as electric versus inter-
nal combustion engine types, tube launched platforms, and a composite of UAS that meet out-
lined UAS-ARFF requirements, will be investigated. Additionally, higher quality visual render-
ings will be developed and expanded trials will be added at alternative locations beyond SLC air-
port. External validation will also be pursued using alternative methods to ensure the robustness
of the findings of this study. It is envisioned that this next step will take place with actual UAS
platforms. Lastly, further qualitative subject matter expert analysis and feedback will be sought to
validate the outlined and expanded theory of operations.

Even in light of the promising outcomes of this study, there are still some regulatory hurdles
that exist that prevent immediate realization of UAS utility for ARFF. Until the final disposition
and wording of the NPRM for operation and certification of sSUAS is known, it is required that
those individuals or organizations planning to utilize UAS pursue a COA, which has a defined
review and approval process. Moreover, such requests have a high potential for success due to the
numerous FAA COA approvals for related uses.*'*** Such access is necessary in order to develop
a frame of best practices and provide guidance to stakeholders through UAS testing, featuring
both simulation and use of actual systems, in a variety of scenarios. Practical issues such as op-
erator training and proficiency, vehicle storage, and launch and recovery issues must be deter-
mined through actual testing. With the finalization of FAA regulations concerning sUAS opera-
tions, this type of investigation will be possible and from this further UAS utilization will become
a reality. Even after the regulatory environment becomes more favorable to UAS application such
as those outlined in this study, it suggested that those involved in the review, acquisition, and use
of UAS periodically re-evaluate the specific technology and method of application against recent
advancements and published information, such as regulatory requirements and research findings.

In summary, UAS, specifically group 2 and 3 fixed-wing as well as group 3 VTOL, show sig-
nificant promise to support ARFF response. With the continued thread of research outlined within
this study, ARFF and UAS stakeholders will be provided with improved understanding of the
appropriate platform-mission alignment, which should result in system-wide efficiencies. How-
ever, until the regulatory limitations issues are resolved, current and future research will be re-
stricted primarily to simulation-based data collection yet with quality data such as found in this

study, stakeholders will be well prepared to select the appropriate UAS for their needs and begin
operations as soon as practical.
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