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TRADEMARKS AND DISCLAIMERS

|IEEE believes the information in this publication is accurate as of its publication date; such information is subject to change without notice.

|IEEE is not responsible for any inadvertent errors.
The ideas and proposals in this specification are the respective author’s views and do not represent the views of the affiliated organization.

FAA Legal Disclaimer. The information provided herein may include content supplied by third parties. Although the data and information
contained herein has been produced or processed from sources believed to be reliable, the Federal Aviation Administration makes no
warranty, expressed or implied, regarding the accuracy, adequacy, completeness, legality, reliability or usefulness of any information,
conclusions or recommendations provided herein. Distribution of the information contained herein does not constitute an endorsement or
warranty of the data or information provided herein by the Federal Aviation Administration or the U.S. Department of Transportation.
Neither the Federal Aviation Administration nor the U.S. Department of Transportation shall be held liable for any improper or incorrect use
of the information contained herein and assumes no responsibility for anyone’s use of the information. The Federal Aviation Administration
and U.S. Department of Transportation shall not be liable for any claim for any loss, harm, or other damages arising from access to or use of
data or information, including without limitation any direct, indirect, incidental, exemplary, special or consequential damages, even if
advised of the possibility of such damages. The Federal Aviation Administration shall not be liable to anyone for any decision made or action

taken, or not taken, in reliance on the information contained herein.
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NOTICE AND DISCLAIMER OF LIABILITY CONCERNING THE USE
OF IEEE SA INDUSTRY CONNECTIONS DOCUMENTS

This IEEE Standards Association (“IEEE SA”) Industry Connections publication (“Work”) is not a consensus standard document.
Specifically, this document is NOT AN IEEE STANDARD. Information contained in this Work has been created by, or obtained
from, sources believed to be reliable, and reviewed by members of the IEEE SA Industry Connections activity that produced
this Work. IEEE and the IEEE SA Industry Connections activity members expressly disclaim all warranties (express, implied,
and statutory) related to this Work, including, but not limited to, the warranties of: merchantability; fitness for a particular
purpose; non-infringement; quality, accuracy, effectiveness, currency, or completeness of the Work or content within the
Work. In addition, IEEE and the IEEE SA Industry Connections activity members disclaim any and all conditions relating to:

results; and workmanlike effort. This IEEE SA Industry Connections document is supplied “AS IS” and “WITH ALL FAULTS.”

Although the IEEE SA Industry Connections activity members who have created this Work believe that the information and
guidance given in this Work serve as an enhancement to users, all persons must rely upon their own skill and judgment when
making use of it. IN NO EVENT SHALL IEEE OR IEEE SA INDUSTRY CONNECTIONS ACTIVITY MEMBERS BE LIABLE FOR ANY
ERRORS OR OMISSIONS OR DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES
(INCLUDING, BUT NOT LIMITED TO: PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS;
OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS WORK, EVEN
IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE AND REGARDLESS OF WHETHER SUCH DAMAGE WAS FORESEEABLE.

Further, information contained in this Work may be protected by intellectual property rights held by third parties or
organizations, and the use of this information may require the user to negotiate with any such rights holders in order to
legally acquire the rights to do so, and such rights holders may refuse to grant such rights. Attention is also called to the
possibility that implementation of any or all of this Work may require use of subject matter covered by patent rights. By
publication of this Work, no position is taken by the IEEE with respect to the existence or validity of any patent rights in
connection therewith. The IEEE is not responsible for identifying patent rights for which a license may be required, or for
conducting inquiries into the legal validity or scope of patents claims. Users are expressly advised that determination of the
validity of any patent rights, and the risk of infringement of such rights, is entirely their own responsibility. No commitment
to grant licenses under patent rights on a reasonable or non-discriminatory basis has been sought or received from any rights
holder. The policies and procedures under which this document was created can be viewed at

http://standards.ieee.org/about/sasb/iccom/.

This Work is published with the understanding that IEEE and the ICCom members are supplying information through this
Work, not attempting to render engineering or other professional services. If such services are required, the assistance of an

appropriate professional should be sought. IEEE is not responsible for the statements and opinions advanced in this Work.
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IEEE UAS STANDARDS TRACKING AND
STANDARDS DEVELOPMENT RELATED
RESEARCH NEEDS

ABSTRACT

The “IEEE UAS Standards Tracking and Standards Development Related Research Needs” team was formed by
the IEEE Industry Connections (IC) Group to identify current IEEE unmanned aircraft systems (UAS) standards
and possible research gaps. This new team comprised members of IEEE standards committees and members of
the FAA Alliance for System Safety of UAS through Research Excellence (ASSURE) project “A37: UAS Standards
Identification, Tracking, and Mapping.” The integrated team identified the list of standards published by the IEEE
and validated whether the standards had been captured correctly. The team also identified research gaps in the
current standards and, hence, possible future UAS standards development activities. As part of the effort, the
team further identified multiple UAS standards developed for communications and networking, operations and
applications, sensors, payload interfaces, and power research areas. The team could not identify any specific
research gaps in the current standards development activities but did note a few IEEE standards development
projects that need future research. Overall, participants found few general research gaps. In the future, the team
should expand to include members from all unmanned aerial vehicle (UAV) working groups to better capture

research gaps.
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1. INTRODUCTION

Unmanned aircraft systems (UAS) and urban air mobility (UAM) are emergent aviation markets enabled by
significant technological innovations. To achieve the integration of such systems into the U.S. National Airspace
System (NAS) and similar air navigation service providers (ANSPs), standards must be developed regarding
airworthiness, operations, and training to help guide developers, operators, regulators, and air traffic
management. The Federal Aviation Administration (FAA)’s “Integration of Civil Unmanned Aircraft System (UAS)
in National Airspace System Roadmap” helps set the tempo for standards development by articulating the
sequence of future UAS capabilities [1]. Standards development organizations (SDOs) must work to keep pace

to establish the standards needed for each capability based on inputs from industry experts and research.

The IEEE Industry Connections (IC) Group formed the “IEEE UAS Standards Tracking and Standards Development
Related Research Needs” team to identify IEEE UAS standards and research gaps (i.e., opportunities for
additional research that could aid the IEEE and its members in authoring new standards). The team serves as a
collaboration between participating IEEE members and researchers on the FAA Alliance for System Safety of UAS
through Research Excellence (ASSURE) project “A37: UAS Standards Identification, Tracking, and Mapping,”

which seeks to track UAS standards development activities.

The IC Group facilitates the coordination of members of the IEEE community across standards committees and
working groups to identify current/ongoing/planned standards activities, locate research gaps, and trace those
gaps to the UAS Integration Research Plan (UIRP) capabilities that would be enabled by new standards.
Specifically, the IC Group’s “IEEE UAS Standards Tracking and Standards Development Related Research Needs”

team sought to meet twice to meet the following goals:

= Produce a committee-validated list of standards, confirming it completely and correctly captures the
IEEE’s UAS standards work.

= Discuss new and forthcoming UAS standards development activities within the IEEE.

= |dentify and discuss research gaps impacting IEEE UAS standards committees’ progress in developing
new standards, which can potentially receive support through externally sponsored research efforts.

=  Prioritize research gaps based on levels of importance to the IEEE’s success in timely delivery of its

supported standards activities.

This white paper presents a summary of the “IEEE UAS Standards Tracking and Standards Development Related

Research Needs” team’s efforts, results from its standards review and research gap analysis, and lessons learned
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from the experience. Section 2 provides a background summary regarding UAS standards tracking and research
gaps. Section 3 summarizes IEEE’s standards development progress in the domains of UAS and UAM. Section 4
presents research gaps identified by team members. Section 5 discusses opportunities for future

IEEE/ASSURE/FAA collaboration opportunities.

2. BACKGROUND

This section provides some necessary background by addressing UAS standards tracking and UAS research gap
identification and by providing an overview of the FAA ASSURE project “A37: UAS Standards Identification,

Tracking, and Mapping.”

The tracking of UAS standards involves the identification of standards published, under development, or
planned. Information collected by a UAS standard may include the standard’s identifier, name, description,
publication status, publication date, SDO(s) and committee/working group(s) that prepared the standard, and

adoption status with the FAA or other civil air authorities.

For example, the ANSI UASSC [2] has provided one of the more comprehensive surveys of UAS-related standards.
The ANSI UASSC team leveraged domain-specific working groups, including those focused on airworthiness,
flight operations and personnel qualifications, critical infrastructure and environment, and public safety. After
the first ANSI UASSC Standards Roadmap [3], the working groups met periodically, releasing annual updates. The
team has also tracked standards gaps, that is, when a standard is anticipated, but it has not been addressed by

the SDOs.

SDOs might also internally track the standards they produce. Tracking standards provides internal situation
awareness of what the organization produced, when, and by whom. Standards tracking can also help the SDO
identify opportunities for future standards. For some organizations with one or a few working groups that
develop UAS-relevant standards, the ability for the SDO to track its own UAS standards should be
straightforward. For larger organizations, such as the IEEE, the role of UAS standards development is distributed

across many working groups addressing standards that align with their committee’s topic.

2.1. UAS RESEARCH GAPS IDENTIFICATION

Research supports the development of new standards. For instance, the development of minimum separation

standards may require modeling and simulation research to derive those boundaries. Research also supports
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