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SUMMARY OF “WHITE PAPER ON THE USE
OF UAVS WITHIN FEMA”

Abstract: This paper is a summary of the paper “White Paper on the Use of UAVs within
FEMA?” that was written in August of 2016. This summary will be addressing the benefits of
UAS over traditional methods, the increase of agencies using the technology, challenges to
implementation, and recommendations for FEMA.

Introduction

While the Federal Emergency Management Agency (FEMA) does not plan on developing an
internal unmanned aircraft systems (UAS) program, the agency has previously tasked other
federal agencies (such as USACE and CBP) to conduct UAS operations for previous events. In
order to remain flexible for future events, FEMA, may once again leverage this option for future
events, should the need arise or based on mission requirements.

Benefits

UAS is considerably cheaper and can range anywhere between $100 to $5,000 for a small
unmanned system compared to manned aviation which can cost between $500,000 and $4
million to acquire the aircraft, not counting the amount per hour to man the unit. Because of
UAS’s relatively low cost, compared to manned aviation, UAS are more expendable. They are
able to do riskier missions such as monitoring hazardous materials or flying into bad weather
conditions without a significant risk to investments as well as no risk to life since there is no
onboard crew. Along with cost, UAS are able to fly closer to the ground than regular manned
aviation. This can be significant when weather is poor and there is cloud cover because a small
UAS is able to fly below the cloud cover without it disturbing the imagery collected, whereas
manned aviation it would significantly impact the imagery. In the same idea, because UAS are
able to get closer to the ground, the imagery can be more detailed than manned aviation and
easier to download after a mission is flown. The data acquisition from a UAS is faster since all
of the imagery is downloaded on an SD card that is put directly inside the system. This makes it
fast and easy to download the imagery right away. UAS are also able to fly semi-autonomous
missions, and are working toward fully-autonomous missions. This means that a flight path can
be mapped out prior to the flight along with the amount of coverage and length of time for the
mission.

Capabilities

One of the most frequent use of UAS at any level of government has been for urban search and
rescue (USAR) missions. There have been a number of examples of the systems use in these
cases including the Virginia Key, Florida Drone Exercise in 2016, the 2015 Wimberley Flood,
the Florida Statewide Hurricane Exercise 2016, etc. Currently a Standard Operating Procedure
(SOP) is being created by the Department of Homeland Security, Department of Defense,
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Department of State, US Coast Guard, and many others for USAR operations. This guide is not
yet currently available but covers issues such as air space deconfliction as well as the history and
different types of UAS.

Another popular use of UAS is mapping and reconnaissance. This process involves using the
data produced by the UAS to create orthophotos, aerial maps, which can be accurately laid over
an existing map to give first responders a better sense of the area. This has also been used in
humanitarian efforts for planning for hazardous events and mapping flooded areas in countries
such as Tanzania.

The use of UAS has also been explored in other areas such as showing the condition of traffic
flow on evacuation routes, indicators of approaching hazards, risk assessments, long-term
recovery efforts, wildfire assessment and monitoring, etc.

Challenges

Some of the challenges to implementing UAS in a disaster scenario include the public’s
perception of UAS especially in concerns of ensuring privacy and rights, the Federal Aviation
Administration (FAA) and local flight approvals, integration into national airspace, and the need
of training and team exercises. With that brings up needing a contact list, since FEMA does not
employ their own systems, it is important to have a working contact and resource list as well as
an updated Air Operations Guide. Another challenge that has proved to be a problem in the UAS
world is the issue of spontaneous UAS pilots. This can prove to be a problem for first
responders and may inhibit life-saving actions, as seen in the 2015 Lake Fire in California.
Memorandums of Understanding (MOUs) can also pose to be a potential challenge as even
though FEMA would not be personally responsible for obtaining a COA, FEMA would be liable
for if an accident happens while another agency is flying.

Recommendations

Recommendations for ensuring safe and efficient UAS use include: creating a Standard
Operating Procedure and Guide that outlines many safety standards and regulations, creating a
contact list (complete with resources), promoting a standardized training specifically made for
emergency management responders (like the one created by the University of Hawaii that is a
FEMA course), and finally, addressing the issue of spontaneous pilots by working with
Volunteer Organizations Active in Disaster (VOAD). It is also recommended that FEMA
develop a working group with the regional offices in order to best promote safe and effective
flying at the state and local level.
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WHITE PAPER ON THE USE OF UAVS WITHIN FEMA

Abstract: Recently the interest in using unmanned aerial vehicles (UAVs) has increased at the local,
state, and federal level. Many regulations put out by the Federal Aviation Administration (FAA) placed
restrictions on the use of UAVs by the government. Because of these regulations, it has become harder
and more exclusive for certain government agencies to be able to use UAVs. This is especially true at the
Jederal level. The use of UAVs are mainly restricted to the local and state emergency management
agencies and currently not available to the Federal Emergency Management Agency (FEMA), outside of
research and development. It would be in FEMA’s best interest to address certain parameters in order to
effectively use UAVs in disaster management, such as creating a contact list of government agencies, an
air operations guide, addressing spontaneous volunteers, creating a training program, identifving legal

and financial obligations, identifying mission capabilities, and addressing the idea of a blanket

Certificate of Authorization (COA).

*The terms in bold are hyperlinks to a definitions list.

Introduction

In order to best understand the topic at hand, this
paper will begin with a description of the
different types of unmanned aerial vehicles and
crew makeup, followed by current uses,
research, and organizations that are using UAVs
well. There are a number of discussion topics
that need to be addressed in order for FEMA to
utilize UAVs to their full potential which is also
outlined in this paper. Currently, FEMA, and
many other emergency management agencies,
use manned aviation to collect data that is then
used to give the decision makers of the agency
firsthand information. However, as important as
this is, there is another way to do it that is
cheaper and more effective. UAVs are able to
fly under cloud cover and get closer to the
ground than manned aviation while being less
expensive and aggregating just as accurate, if
not more accurate, data. Also, because UAVs
are less expensive and there is no risk of life for

I (INF 555: Geometric Modeling: Digital
Representation and Analysis of Shapes)

flying the systems, UAVs are more expendable
than manned aviation. Therefore, the systems
are able to go into areas to get information that
normally would be restricted. UAVs also
provide end products that manned aviation is not
capable of doing such as creating a 3D Point
Cloud. A Point Cloud is a 3D representation of
an object and is very simple. This type of
representation contains a set of (x, y, z)
coordinates making the image 3D rather than 2D
like other aerial photos.'

FEMA does not own or directly operate
Unmanned Aerial Systems. FEMA has, and
will, mission assign other Federal partners to
utilize UAS and other aerial platforms to assist

with infrastructure damage assessment.

UAV Description
In terms of using UAV for disaster management
situations, there are two main types: fixed wing

and rotary wing.> A fixed wing UAV is most

2 (Murphy, 2014, p. 111)
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practical for wide-area operational environments
and missions, such as geological and
meteorological surveys. These systems can fly
between 45 to 120 meters in altitude.’ A rotary
wing UAV is ideal for local-area environments
or when it is crucial for the UAV to get close to
a structure. Other than the mission types, the
main difference between a fixed wing and a
rotary wing UAV is endurance, or the length of
sustained flight. A fixed wing UAV can stay in
the air for up to an hour, depending on weather,
and is hand-launched. A rotary wing UAV has a
much shorter endurance and can only stay in the
air for 15-25 minutes depending on the make,
model, and payload.” These factors will be
important to remember when discussing
resources needed for and the phase of a disaster.
Along with different types of UAVs, there are
also two different sizes associated with
emergency management uses: small and micro.
Although there are medium and large UAVs, it
is in FEMA’s best interest to learn how to
implement small and micro UAVs as the
systems are easier to pilot, more affordable, and
a more efficient training process. Compared to
their larger cousins, small and micro UAVs are
able to get closer to the ground, which is
important for damage assessments and
identifying potential places of interest. Small
and micro UAVs are also able to fly under cloud
cover, while maintaining visual line of sight
(VLOS), because of the systems’ ability to be
closer to the ground than a manned aircraft or a
larger UAV. This makes the systems more
valuable in a post disaster situation. Small
UAVs are defined by the Federal Aviation
Administration as a system under fifty-five
pounds that can only reach restrictive altitudes.

3 (Murphy, 2014, p. 116)
4 (Murphy, 2014, p. 112)

A micro UAV is anything less than one meter in
dimension and less than one kilogram in weight.
Small UAVs (sUAYV) are most frequently used
in post-disaster situations since they are sturdier
and can carry a larger payload than micro
UAVs.?

Also, for the purpose of resource requests, it is
important to understand the number of personnel
needed to man one UAV. It is recommended
that when operating a UAV it is done in a three-
man team consisting of a pilot in command
(PIC), mission specialist, and flight director.
The PIC is in charge of preparing the flight,
maintaining safe operations of the system, and
piloting the aircraft. The mission specialist, also
known as the payload specialist, is in charge of
collecting data post-flight and can be a
representative of the stakeholders involved in
the mission. The flight director, also known as
the safety officer, is in charge of ensuring safety
of the team and making sure standards are met in
order to reduce the risk of the mission.” For
efficiency sake, it is possible to combine the
flight director and the mission specialist
position. However, best practice recommends
keeping the two positions separated.

Current Uses
Urban Search and Rescue

Currently, one of the most frequent uses for
UAVs in the government is for urban search and
rescue missions (USAR). In February 2016, a
UAYV exercise was conducted in Virginia Key,
Florida. This exercise was a full-scale urban
search and rescue mission. In the scenario, a
hurricane hit South Florida and only a partial
evacuation of the residents and tourists took
place before the storm hit. The exercise tested

> (Murphy, 2014, p. 113)
® (Murphy, 2014, p. 123)
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mass search and rescue operations, planning,
operational communications, environmental
response health and safety, UAV capabilities,
and public and private sector resources after a
disaster. There were 118 players including
UAV pilots from Florida State University,
Florida Urban Search and Rescue Task Force 2,
the Miami Beach Light Technical Response
Team, City of Miami Fire Rescue, and the
National Geospatial Intelligence Agency. One
goal was to coordinate extrication strategy with
medical personnel, identifying potential victim
locations and hazards, ensuring victims are
medically stable, and mapping the search area.
This exercise was viewed as a success as the
UAVs were able to aid first responders in
finding many of the missing “people”
(dummies) in the exercise.’

Another example of UAVs being used in USAR
missions was in May of 2016 at the Florida
Statewide Hurricane Exercise (HURREX). It
was a functional exercise that was testing
continuity of operations (COOP) for the State
Emergency Operations Center (SEOC) as well
as the UAV integration plan written in the Air
Operations Branch Guide. The pilots included
the Florida State University team, as well as
many county pilot teams. The Florida State
University (FSU) team was able to provide first
responders with orthophotos of the area, real
time, up to date maps, as well as over watch to
leaders of the USAR teams and a live video feed
into the Emergency Operations Center that was
now at the COOP location. The team of pilots
were able to sustain a continuous video feed for
three hours, giving leaders the information they
need to make informed decisions.®

7 (Florida Task Force 2, 2016)
8 (Benk, 2016)

In the 2015 Wimberley Flood, members of the
Austin Fire Department’s Robotic Emergency
Deployment team deployed unmanned aerial
vehicles to the area in order to look for
survivors. A white paper was later developed on
the subject that outlined many challenges that
need to be addressed for the future use of UAVs,
which are also outlined in this paper.’

On May 16", 2016, the Florida State University
UAV Pilot Team deployed to a real-world event
in Levy County in response to a missing person
case. During this deployment the UAV team
worked alongside a canine unit that had been
previously trained to work with UAVs. The
mission was viewed as a success, even though
the UAVs were unable to find the individual, as
the teams were able to cover over a square mile
around the last location where the canine unit
had tracked the individual. This shows the
enhanced capabilities UAVs offer first responder
groups by expanding search areas in a short
amount of time and giving different type of
teams points of interest through the aerial
imagery. The individual was later found in a
home after hitch hiking to the next county over.
Since USAR operations are one of the most
frequent capabilities of UAVs there has been a
good amount of research on best practices. One
such study was produced at the University of
Oxford in the Computing Laboratory by Sonia
Wabharte and Niki Trigoni. In this study
Waharte and Trigoni analyzed the use of UAVs
within USAR missions and outlined some of the
challenges they experienced while working with
the UAVs as well as some search strategies.
The conclusion of the study left that UAVs are a
valuable addition to the mission but that certain
parameters, such as quality of sensory

? (Kessler & Robinson, 2015)
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operations, energy constraints, environmental
hazards, and data sharing, need to be accounted
for during the mission in order to be most
effective.'’

Within FEMA there has been movement by
USAR teams to implement and create a Standard
Operating Procedure (SOP) for the use of UAVs
in disaster situations. Between the Department
of Homeland Security, Department of Defense,
Department of State, US Coast Guard, and many
other federal agencies, an Unmanned Aircraft
System Search and Rescue Addendum is being
drafted to the National Search and Rescue
Supplement to the International Aeronautical
and Maritime Search and Rescue Manual. This
guide is currently still being drafted and is not
yet available to the public.

Mapping and Reconnaissance

The next most popular mission for UAVs, in the
government, are using the aerial photos and data
collected to create orthophotos. An orthophoto is
a photo map that can be accurately laid over an
existing map to get the most up to date view.
Orthophotos can be used to identify potential
hazards for first responders or identifying areas
of interest to be analyzed. These maps can also
be used for planning purposes, such as
identifying flood lines and potentially at-risk
areas."!

Most of the missions that are done using a rotary
wing UAV utilize applications to map out the
most efficient path. These apps allow the team
of UAV pilots to map out the mission prior to
flight to know the exact dimensions of the area
being taken pictures of and know the exact
amount of time the bird will be in flight. This is

10 (Waharte & Trigoni, n.d.)
1 (U.S. Geological Survey, 2013)
12 (3DR, n.d.)

a safety precaution that can minimize many of
the risks to the team as well as any civilians that

may be in the area.””

Humanitarian Uses

There has also been an increased interest in
using UAVs in Humanitarian efforts.
Humanitarian organizations have been known to
use UAVSs for a number of mission capabilities
including data collection and observation
consisting of real time information and situation
monitoring, such as rapid assessment of damage,
monitoring distribution of goods, identifying and
analyzing temporary settlements or tracking
displacement or movement of people, and public
information and advocacy. These same
organizations also use UAVs for logistical and
package-delivery, most commonly of medical
resources. "’

An example of humanitarian UAV use was in
Dar es Salaam in Tanzania. In Tanzania, the
objective was to obtain up to date exposure
maps of the affected communities from a flood
from a previous year as well as create a
hydrological model using elevation data. The
non-profit organization that conducted these
missions were a non-profit organization based
out of Switzerland called Drone Adventures.
The deployed team used an eBee, “fully
automated mapping drone manufactured by
Sensefly,”a fixed wing micro UAV, and the
Postflight Terra 3D software to stitch the aerial
photos and data together."

Other examples of humanitarian led efforts
include after Hurricane Sandy in 2012 in Haiti
when the International Organization for
Migration (IOM) and the OpenStreetMap

13 (United Nations Office for the Coordination of
Humanitarian Affairs, 2014, pp. 5-8)
14 (Soesilo, 2015)
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Community of Haiti (COSMHA) deployed
using a Swinglet Fixed Wing Mapping Micro-
drone to conduct rapid damage assessments."”

Current Research

With the increase of UAV driven missions, there
has been a dramatic rise in the amount of
research done as well. There are many
conferences that are held to showcase that
research, one example being the International
Conference of Unmanned Aircraft Systems
(ICUAS), which was held in Washington, DC in
May, 2016. This conference brings together
much of the UAV community that is not just
made up of pilots, but also engineers and
mathematicians looking to better the missions
and work towards completely autonomous
flights and effective guarded motion.

One of the most popular ideas at the local level
for using UAVs is debris estimates. The UAV
would, ideally, be able to fly over an area,
collect aerial photos, which will then be
developed into an orthophoto and use that
product to create a debris estimate. This
procedure being developed is meant to be fast.
Not only does it help the county with being
quicker to get more grant money, but it also tells
the county which roads need to be cleared first
for first responders and which areas are in the
most need of help. One study that is looking
more in depth into this is currently being done at
FEMA by a Department of Homeland Security
(DHS) intern and will, ideally, include an
algorithm and toolbox for creating these
estimates in ArcGIS that is easy to do and
efficient.

15 (Lessard-Fontaine, Alschner, & Soesilo, 2012)
18 (Quaritsch, et al., 2010, pp. 57, 61)
7 (Federal Aviation Administration, 2016)
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In a study done by the Institute for Technical
Informatics at Graz University of Technology,
scientists examined ways to create autonomous
flight for several micro UAVs at one time to
give situational awareness to first responders on
the ground while detecting potential places of
interest. The UAVs were able to fly
simultaneously by maintaining a wireless
communication channel between them giving
the UAVs spatial awareness. However, this
study mainly examined the challenges of the
experiment rather than whether or not the
experiment would be considered a success. '
Simultaneously flying UAVs have been a topic
of debate not only in the scientific world, but
also in regulation and simulation. This research
was done using micro UAVs and, recent
regulations make it an offense to use small
UAVs, or anything larger, together in
autonomous flight using one controller."’

Taro Suzuki, an Assistant Professor at Waseda
Institute for Advance Study, conducted a study
that focused on generation of real-time hazard
maps. This study utilized highly-accurate
localization methods based in GNSS, 3D
measurements, and integration of geospatial
information into the sensor networks. Suzuki
used two methods of creating real-time maps,
one being through the creation of orthomosaics,
as mentioned above. The other method was by
taking the UAV data and aerial photos during
flight and projecting the data onto a known map
of the area.'® This study was mostly focused on

providing situational awareness for a disaster."”

Noted Organizations

18 (Suzuki, et al., 2008, pp. 444-445)
19 (Suzuki, et al., 2008, p. 446)
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There are a few organizations that are doing
research and operations of UAVs very well,
most of them being public universities. Florida
State University offers a certificate program for
undergraduate and graduate students in the
applications of unmanned aircraft systems.
These classes vary from policy to UAV
operations to geographic information systems.
Along with teaching classes, some of the faculty
associated with the Center for Disaster Risk
Policy (CDRP) deploy to exercises and real-
world events to fly unmanned operations, such
as the missing person case in Levy County,
mentioned above, and flights in Belize to create
a map of the city.” Florida State University has
been named the State of Florida’s Unmanned
Aircraft Coordinators for post-disaster situations
and have participated in many of the state-wide
hurricane exercises in an air boss capacity.
Texas A&M is another university that has made
huge leaps in disaster robotics. Robin Murphy,
one of the faculty at the Center for Robot
Assisted Search and Rescue (CRASAR) within
the Engineering Department at Texas A&M
University, wrote a book called Disaster
Robotics that covers an extensive history of
unmanned aerial vehicles and their missions and
capabilities. Robin Murphy has been doing
research on the applicability of UAVs in post
disaster situations long before joining Texas
A&M University. Murphy and her team from
the University of South Florida were deployed to
multiple disasters to give aid including
Hurricane Katrina. Texas A&M’s main goal is
to “improve disaster preparedness, prevention,
response, and recovery through the development
of robots and related technology.” The

20 (Florida State University Emergency Management
and Homeland Security Program, 2016)

CRASAR team has been responsible for 15 of
the 35 documents cases of deployments post-
disaster of disaster robotics.”'

UAViators is a humanitarian network
specifically made for UAV pilots, policy
workers, and hobbyists to promote and
coordinate effective use of data collection, cargo
delivery, and communication services. The
organization originally started very small but has
now grown to be one of the leading voices on
the use of UAVs for response efforts. The
UAViators’ website includes resources on best
practices and FAA regulations. Within
UAViators are a number of teams varying from
humanitarian, flight, imagery, research, camera,
policy, cargo, and legal teams just to name a
few. This organization promotes safe flying
while coordinating organizations within the
UAV community to help in disaster situations.*”
These are just a few of the organizations that
FEMA could look to for guidance in moving
forward. Most of the universities that have
programs are mainly focused in the engineering,
rather than operational side of their use. This
makes Florida State University and the
University of Hawaii stand out to the UAV
community as they are focused on the operator
side.

Concerns that need to be addressed

1. Mission capabilities need to be identified
In order for FEMA to effectively use UAVs,
FEMA must first recognize what they wish to
use the systems for. From there FEMA can
create a contact list, an air operations guide, a
program for dealing with spontaneous
volunteers/UAV pilots, training programs,

21 (Center for Robot-Assisted Search and Rescue,
2016)
22 (UAViators, 2016)
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identify key legal obligations, and, eventually,
apply for a blanket Certificate of Authorization
(COA). Some mission capabilities that could
potentially benefit FEMA, but are not limited
to: resource air drop, over watch (live video feed
of teams to team leaders on the ground), hazard
identification, hazard surveillance, debris
estimations, critical infrastructure assessments,
hazardous materials identification, surveillance
of erosion, creation of aerial maps, situational
awareness, and live video feed. The capabilities
of each UAV are specific to the type of payload
being used. For example, LIDAR can be used
for pollution monitoring as well as a chemistry
or biological sensor. LADAR can be used for
obstacle avoidance as well as terrain mapping,
or 3D imaging.” Many of the mission
capabilities and resources available to FEMA,
and other federal agencies, is listed within the
National Guard Joint Force Headquarters-State
J2 Incident Awareness and Assessment (IAA)
Handbook.

2. Contact List

Currently, FEMA headquarters, or any Regional
Office, do not own a UAV, excluding the USAR
teams. For this reason it is important that if
FEMA wants to utilize this technology that they
create a contact list of individuals that own a
UAYV and have been trained to use it. Some
Department of Homeland Security (DHS)
agencies with UAVs include Customs and
Border Protection (CBP) and the US Coast
Guard (USCG). CBP uses UAVs for mostly
border surveillance and law enforcement
missions, but the agency’s unmanned systems
are equipped with video, radar, and other sensor

23 (Hintz, 2005)

24 (Department of Homeland Security, 2013)
25 (United States Coast Guard, 2016)

26 (U.S. Forest Service, n.d.)

packages that can be utilized for emergency
management purposes.”* USCG has a small
UAV called a ScanEagle used for surveillance
purposes.”

As for non-DHS agencies the list is much
longer. The Department of Agriculture,
specifically the Forest Service, uses UAVs for
forest health protection, suppression of wildfires,
research, recreational impacts, and law
enforcement activities. The Forest Service also
has a UAV Advisory Group that reviews
policies, makings recommendations, completes
risk assessments, and develops strategic plans.*®
The Department of Defense (DoD), including
the Air Force Rescue Coordination Center
(AFRCC), supports federal or state authorities
when aviation is needed. However, according to
Memorandum 15-002, the DoD is not able to use
UAVs within the United States except training,
exercise, and testing purposes.”’

The Bureau of Land Management, within the
Department of Interior (DOT), own two different
types of UAVs, the RQ-11A Raven and the RQ-
16 T-Hawk. These UAVs are used for many
different missions including wildfire support in
Arizona, Florida, and Colorado, taking
population inventory, habitat surveys, thermal
surveys of lakes and streams, and monitoring
impacts of flooding, as seen in the Missouri
River Flooding.28 The National Park Service,
also within the Department of Interior, has
UAVs that they deploy as well.*’

The Environmental Protection Agency (EPA)
have UAVs that are used for intelligence,
surveillance, target acquisition, and
reconnaissance (ISR) as well as extending
communications range.”” The National Guard

27 (U.S. Department of Defense, n.d.)
28 (Brady, 2013)

29 (National Park Service, n.d.)

30 (Rees, 2016)
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offers UAV services for surveillance during
floods and after tornadoes as well as law
enforcement activities such as manhunts and
drug raids.”’ The Civil Air Patrol also has prior
dealings with FEMA and are developing a UAV
program. The Department of Justice (DOJ) has
UAVs that are used for kidnapping
investigations, search and rescue, drug
interdictions, and fugitive investigations.*
Other agencies that could be used by FEMA for
acquiring a UAV for post-disaster situations
include the National Aeronautics and Space
Administration (NASA) and the National
Science Foundation.

FEMA Regional Office 4 out of Atlanta has
compiled a list of their own for potential
contacts. Including DHS/CBP that own a
Predator B and Guardian, USCG that operate a
Guardian, ScanEagle and Fire Scout. Also
according to Region 4, NOAA is currently
exploring the use of Global Hawk, Predator B,
Ikhana, and Scan Eagle primarily for high-
impact weather, polar, and marine monitoring.
USACE would be another contact with a
NOVA, eBee, DJI Phantom, and Trimble X5.
Department of Energy has recently acquired a
Mongoose. NASA operates an Ikhana and
Global Hawk. USDA/ARS has a Bat 3/4 as well
as FS who is looking at the potential use for
wildfires and natural resource management.

3. Air Operations Guide

The current Air Operations Branch Guide is in
the middle of being updated. The guide has very
minimal information on UAVs as of right now
and any operational standards for flying. The
current version mentions COAs and the CBP,
NASA, and NOAA as contacts for the use of

31 (NPR, 2015)
32 (Department of Justice, n.d.)

UAS. The section needs to go more into the
different types, requirements, and mission
capabilities.

The updated version of this guide will include
procedures on pre-flight, in-flight, and post-
flight checklists, processes for aggregating and
using data, aviation frequencies, altitude
restrictions, and procedures for manned and
unmanned aviation coordination. Aviation can
change drastically in a matter of years and
therefore should be updated regularly.

For the purposes of specifically using UAVs,
FEMA should create safety guidelines and
standards that outline checklists that must be
followed before each flight, a standard operating
picture for data collection and flight control, and
a system of validation of both data and the right
to be considered pilot in command (PIC).

The reason why it is important to create
FEMA's own procedures for collecting and
analyzing data is so that way that data can be
kept on FEMA’s servers to be used throughout
the process. This is helpful so that way one
database can house all of the data rather than
having multiple places for the data which is
inefficient.

4. Spontaneous Volunteers/UAV Pilots

Since the 2015 Lake Fire in California, where
civilian UAV pilots spontaneously flew over the
fire and impeded firefighting operations,
spontaneous UAV pilots has become a major
problem for first responders and emergency
managers. That fire ended up burning an
additional 3.5 square miles because one four-
foot UAYV inhibited manned fire suppression
aircraft to access the area.” This is not the only

33 (Barbash, 2015)
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example of spontaneous volunteer UAVSs, but it
is the most well-known.

Please see Action Items section for proposed
solution.

5. Blanket Certificate of Authorization

Another issue that needs to be resolved is the
issue of the Certificate of Authorization (COA).
Currently, a Certificate of Authorization is
issued for a specific capability in a specific area.
There is no nation-wide COA at the moment for
the federal government to use.** However,
many federal agencies, as seen from the list
above, have been able to somewhat get around
this rule. This will not be an issue for FEMA
unless FEMA employees are the ones
implementing and piloting the UAV. If another
agency is flying on behalf of FEMA or as a
volunteer then they must have proper
documentation with the Federal Aviation
Administration, but FEMA is not responsible for
having a COA in this instance. However, it
should be a top priority by FEMA to make sure
that any aviation pilot participating in a post-
disaster event has the proper certifications and
registration as FEMA may be liable in a risk
sense. FEMA may be liable based on mission
assignment or Memorandums of Understanding
(MOU), which transfers inherent risks within
agencies.

To operate outside of a prescribed COA, an
agency will have to apply for an emergency
COA which can be granted after an emergency
for life saving operations. On September 10,
2014, the FAA issued its first emergency COA
for an urban search and rescue mission out of
Texas looking for a missing woman near Dallas.
Emergency COAs can be issued if three

34 (Federal Aviation Administration, 2016)
35 (Federal Aviation Adminsitration, 2014)

standards can be met: 1) when there is a distress
or emergency with a potential loss of life; 2)
manned flight cannot be conducted efficiently;
3) the UAS operator has a current approved
COA for another location or purpose.”

6. Training Program

In order for FEMA to effectively use UAVs,
training programs will need to be developed in
addition to the requirement set by the FAA in
part 107 to have a Remote Pilot Airman
Certificate, effective August 2016.*° When
training for UAVs it is important to understand
that there are many different areas to train for.
There needs to be a basic training on regulations,
then capabilities, then types of operations, and
finally piloting. There also needs to be separate
trainings on utilization of data that is acquired in
flight. Along with training, there need to be
regulations on pilot certifications, such as
minimum number of flight hours needed to
operate a UAV during a disaster, as well as
setting up a training facility to promote safe
flying.

There has been a training made by the
University of Hawaii that promotes situational
awareness on the benefits of UAVs including
any documents that need to be filed to the FAA
in order to fly. A second course from the
University of Hawaii is currently in the works
but is on hold until results of a survey for the
first training are back. The University of Hawaii
focuses on the state and local level and will

travel to site requesting the training.
7. Legal Obligations

Finally, there are also legal issues that need to be
addressed: What is FEMA legally allowed to do

36 (Federal Aviation Administration, 2016)
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for aviation? Are there issues if FEMA were to
call for the aid of another agency using UAVs?
Can FEMA even be associated with other
agencies that would be using UAVs? What
about volunteers? Most legal issues will have to
do with safety, liability, privacy, and data
protection.’’

Also, as mentioned before MOUSs can cause
FEMA to be liable for if an accident happens
when another agency is flying for FEMA. This
can cause a problem later on and should be
thoroughly looked at by a legal team.

Action Items

In order to utilize UAVs to their full potential,
FEMA will need to create a Standard Operating
Procedure and Guide that outlines many safety
standards and regulations made by FEMA
outside of the FAA as well as create a contact
list and work in tandem with the training already
available to promote safe flying from the state
and local level agencies.

One action item that is recommended is the
creation of checklists. These checklists should
be detailed instructions on how to do anything
pertaining to the system. There should be
separate checklists for pre-flight, arming, taking
off, in-flight, and post-flight. It is crucial to
include all of the necessary steps as it is easy to
become forgetful when being in the sun for
many hours a day. A checklist should also be
created for the data collected and what
information needs to be in each report for the
flight.*® This should be a requirement of any
team operating a UAV. Especially in disaster
situations, it is important to be efficient and
quick. These checklists should be somewhat

37 (United Nations Office for the Coordination of
Humanitarian Affairs, 2014, p. 9)

standardized among the agency in order to
promote interoperability.

A second action item is to create a contact list
with a list of resources and what each agency is
trained in doing. In Appendix B, an example of
what that chart would look like is created. But
in order for this to be most effective, FEMA
would need to hold bi-annual meetings with
stakeholders. UAV regulation is a constantly
adapting body that can, at times, be hard to keep
up with, which is why more meetings are better
than fewer.

The third recommended action item is to
develop a program similar to Volunteer
Organizations Active in Disaster (VOAD) to use
volunteer pilots so they can supply aerial photos
and data to FEMA in a post-disaster scenario if
they coordinate with the JFO. Similarly, prior to
a disaster volunteer UAV pilots could produce
aerial maps and supply the data to FEMA to be
aggregated and collected. This can be used to
create a nation-wide footprint, monitor flood
erosion, or monitor critical infrastructure. The
only stipulation is that regulations would need to
be put in place. A process of UAV pilots flying
and handing over data would need to be
identified as well as a way to validate the data
that is given and a need or way of implementing
that data. Lastly, a SOP and training program
needs to be developed to standardize the use of
UAVs within FEMA. Having a standard for
flight and data will make it easier for FEMA to
encourage local and state government to use
UAVs and be able to ensure that the
organizations are doing it safely and gathering
the right information.

38 (Murphy, 2014, p. 125)
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Appendix A

Created by the Federal Aviation Administration

June 21, 2016

SUMMARY OF SMALL UNMANNED AIRCRAFT RULE (PART 107)

Operational Limitations

Unmanned aircraft must weigh less than 55 Ibs. (25 kg).
Visual line-of-sight (VLOS) only; the unmanned aircraft must
remain within VLOS of the remote pilot in command and the
person manipulating the flight controls of the small UAS.
Alternatively, the unmanned aircraft must remain within
VLOS of the visual observer.

At all times the small unmanned aircraft must remain close
enough to the remote pilot in command and the person
manipulating the flight controls of the small UAS for those
people to be capable of seeing the aircraft with vision
unaided by any device other than corrective lenses.

Small unmanned aircraft may not operate over any persons
not directly participating in the operation, not under a
covered structure, and not inside a covered stationary
vehicle.

Daylight-only operations, or civil twilight (30 minutes before
official sunrise to 30 minutes after official sunset, local time)
with appropriate anti-collision lighting.

Must yield right of way to other aircraft.

May use visual observer (VO) but not required.

First-person view camera cannot satisfy “see-and-avoid”
requirement but can be used as long as requirement is
satisfied in other ways.

Maximum groundspeed of 100 mph (87 knots).

Maximum altitude of 400 feet above ground level (AGL) or, if
higher than 400 feet AGL, remain within 400 feet of a
structure.

Minimum weather visibility of 3 miles from control station.
Operations in Class B, C, D and E airspace are allowed with
the required ATC permission.

Operations in Class G airspace are allowed without ATC
permission.

No person may act as a remote pilot in command or VO for
more than one unmanned aircraft operation at one time.

No operations from a moving aircraft.

No operations from a moving vehicle unless the operation is
over a sparsely populated area.

No careless or reckless operations.

No carriage of hazardous materials.
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Requires preflight inspection by the remote pilot in
command.
A person may not operate a small unmanned aircraft if he or
she knows or has reason to know of any physical or mental
condition that would interfere with the safe operation of a
small UAS.
Foreign-registered small unmanned aircraft are allowed to
operate under part 107 if they satisfy the requirements of
part 375.
External load operations are allowed if the object being
carried by the unmanned aircraft is securely attached and
does not adversely affect the flight characteristics or
controllability of the aircraft.
Transportation of property for compensation or hire allowed
provided that-
o The aircraft, including its attached systems, payload and
cargo weigh less than 55 pounds total;
o The flight is conducted within visual line of sight and not
from a moving vehicle or aircraft; and
o The flight occurs wholly within the bounds of a State and
does not involve transport between (1) Hawaii and
another place in Hawaii through airspace outside
Hawaii; (2) the District of Columbia and another place
in the District of Columbia; or (3) a territory or
possession of the United States and another place in
the same territory or possession.
Most of the restrictions discussed above are waivable if the
applicant demonstrates that his or her operation can safely
be conducted under the terms of a certificate of waiver.

Remote Pilot in Command
Certification and
Responsibilities

Establishes a remote pilot in command position.
A person operating a small UAS must either hold a remote
pilot airman certificate with a small UAS rating or be under
the direct supervision of a person who does hold a remote
pilot certificate (remote pilot in command).
To qualify for a remote pilot certificate, a person must:
o Demonstrate aeronautical knowledge by either:
Passing an initial aeronautical knowledge test at
an FAA-approved knowledge testing center; or
Hold a part 61 pilot certificate other than student
pilot, complete a flight review within the previous
24 months, and complete a small UAS online
training course provided by the FAA.
o Be vetted by the Transportation Security Administration.
o Be at least 16 years old.
Part 61 pilot certificate holders may obtain a temporary
remote pilot certificate immediately upon submission of their
application for a permanent certificate. Other applicants will
obtain a temporary remote pilot certificate upon successful
completion of TSA security vetting. The FAA anticipates that
it will be able to issue a temporary remote pilot certificate
within 10 business days after receiving a completed remote
pilot certificate application.
Until international standards are developed, foreign-
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certificated UAS pilots will be required to obtain an FAA-
issued remote pilot certificate with a small UAS rating.

A remote pilot in command must:

Make available to the FAA, upon request, the small UAS for
inspection or testing, and any associated documents/records
required to be kept under the rule.

Report to the FAA within 10 days of any operation that
results in at least serious injury, loss of consciousness, or
property damage of at least $500.

Conduct a preflight inspection, to include specific aircraft
and control station systems checks, to ensure the small UAS
is in a condition for safe operation.

Ensure that the small unmanned aircraft complies with the
existing registration requirements specified in

§ 91.203(a)(2).

A remote pilot in command may deviate from the requirements
of this rule in response to an in-flight emergency.

Aircraft Requirements

FAA airworthiness certification is not required. However, the
remote pilot in command must conduct a preflight check of
the small UAS to ensure that it is in a condition for safe
operation.

Model Aircraft

Part 107 does not apply to model aircraft that satisfy all of
the criteria specified in section 336 of Public Law 112-95.
The rule codifies the FAA's enforcement authority in part

101 by prohibiting model aircraft operators from endangering
the safety of the NAS.
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Acronyms and Definitions

AFRCC — Air Force Rescue Coordination Center — is an organization within the Department of Defense.
Serves as the single agency responsible for coordinating on-land federal SAR activities in the United
States, including Puerto Rico and U.S. Virgin Islands.

CBP — Customs and Border Protection — is a federal law enforcement agency of the United States
Department of Homeland Security. It is charged with regulating and facilitating international trade,
collecting import duties, and enforcing U.S. regulations, including trade, customs, and immigration.

CDRP - Center for Disaster Risk Policy — center within Florida State University. See FSU.

COA - Certificate of Authorization — is an authorization issued by the FAA to a public operator for a
specific UAV activity.

COOP - Continuity of Operations — as defined in the National Continuity Policy Implementation Plan
and the National Security Presidential Directive-51/Homeland Security Presidential Directive-20 (NSPD-
5/HSPD-20), is an effort within individual executive departments and agencies to ensure that Primary
Mission Essential Functions (PMEFs) continue to be performed during a wide range of emergencies,
including localized acts of nature, accidents and technological or attack-related emergencies.

COSMHA — OpenStreetMap Community of Haiti — creates and provides maps for relief organizations
who need the resources for responding to disasters and crises.

CRASAR — Center for Robot Assisted Search and Rescue — is an element of Texas A&M where research
has been done on the use of robots, and related technology, after a disaster happens.

DHS — Department of Homeland Security — is a federal agency designed to protect the United States
against threats. Its wide-ranging duties include aviation security, border control, emergency response and
cybersecurity.

DOD - Department of Defense — is a department of the federal executive branch entrusted with
formulating military policies and maintaining American military forces.

DOI — Department of Interior — is the federal executive department of the U.S. government responsible
for the management and conservation of most federal land and natural resources.

DOJ — Department of Justice — is a department of the federal executive branch, headed by the attorney
general, which administers the Federal Bureau of Investigation (FBI), prosecutes violations of federal
law, and is responsible for enforcing all civil rights legislation.

EOC — Emergency Operations Center — is a central command and control facility responsible for carrying
out the principles of emergency preparedness and emergency management, or disaster management
functions at a strategic level during an emergency, and ensuring the continuity of operation of a company,
political subdivision or other organization.

EPA — Environmental Protection Agency — is an agency of the United States federal government whose
mission is to protect human and environmental health
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FAA — Federal Aviation Administration — is the national aviation authority of the United States. As an
agency of the United States Department of Transportation, it has authority to regulate and oversee all
aspects of American civil aviation.

FEMA — Federal Emergency Management Agency — an independent agency of the United States
government that provides a single point of accountability for all federal emergency preparedness and
mitigation and response activities.

FSU — Florida State University — is a public university in Florida containing two certificate programs:
Certificate in Emergency Management and Homeland Security and Certificate in the Application in
Unmanned Aircraft Systems. FSU has been appointed as the Unmanned Aircraft Coordinator for the
Florida Division of Emergency Management.

IAA — Incident Awareness and Assessment — is similar to ISR. However, ISR is conducted outside of the
United States in foreign territory and IAA is conducted within the United States for DSCA operations.

ICUAS - International Conference of Unmanned Aircraft Systems — is an international conference where
researchers can show off their finished products. Includes military, governmental, and non-governmental

agencies.

IOM - International Organization for Migration — is an inter-governmental organization that works in
mitigation efforts and works alongside government, intergovernmental, and non-governmental partners.

ISR — Intelligence, Surveillance, and Reconnaissance — is the acquisition and processing of military
intelligence.

JFO - Joint Field Office — a temporary multiagency coordination center established at the incident site to
provide a central location for coordination of federal, state, local, tribal, nongovernmental, and private-
sector organizations with primary responsibility for incident oversight, direction, or assistance to

effectively coordinate protection, prevention, preparedness, response, and recovery actions.

MOU — Memorandum of Understanding — is a formal agreement between two or more parties agreeing to
establish a partnership.

NASA — National Aeronautics and Space Administration — is in charge of U.S. science and technology
that has to do with airplanes and space.

PIC — Pilot in Command - in charge of preparing the flight, maintaining safe operations of the system,
and flying.

SEOC — State Emergency Operations Center — see EOC.

SOP — Standard Operating Procedure — established or prescribed methods to be followed routinely for the
performance of designated operations or in designated situations.

sUAS — Small Unmanned Aircraft System — see UAV.
UAS — Unmanned Aircraft System — see UAV.

UAV — Unmanned Aerial Vehicle — within the United States, UAV's are classified as aircraft and
regulated accordingly. The FAA Modernization and Reform Act of 2012 defines an unmanned aerial
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vehicle as an unmanned aircraft and associated elements (including links and the components that control
the unmanned aircraft) that are required for the pilot in command to operate safely and efficiently in the
national airspace system. The UA is defined as a device used or intended to be used for flight in the air
that has no pilot. This includes all classes of airplanes, helicopters, and translational lift aircraft that have
no onboard pilot. Unmanned aircraft are understood to include only those aircrafts controllable in three
axes and therefore exclude traditional balloons.

USAR — Urban Search and Rescue — provides for the coordination, development, and maintenance of the
Federal effort with resources to locate, extricate, and provide immediate medical treatment to victims
trapped in collapsed structures; and to conduct other lifesaving operations.

USCG — United States Coast Guard — is a branch of the US armed forces, under the Department of
Transportation, responsible for the enforcement of maritime law and for the protection of life and
property at sea.

VLOS — Visual Line of Sight — this must be maintained throughout the duration of the UAV mission per
FAA part 107.

VOAD - Voluntary Organizations Active in Disaster — is a nonprofit, nonpartisan membership
organization that serves as the forum where organizations share knowledge and resources throughout the
disaster cycle to help communities prepare for and recover from disasters.
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e Discussed Topic Areas of concern:
o Communication during operations:
= Interoperability
= Knowledge of aviation terminology
= Air Operations de-confliction
o Data security and Privacy: Best practices for storing imagery, prevention of capturing PII
e Additional Topics for discussion sessions:
o Legal constructs
= Licensing for operating
= Privacy for imagery
= Other State/Federal regulations
UAS Capabilities
= Sensors, payloads, unique characteristics (e.g. waterproof)
Data Storage
Employment approaches
= Internal team vs. contracting or mutual aid, etc.
= mechanisms for alerting groups
Imagery collection standards: best practices for mission types

o

o 0O

@]

e Case Study: MassDOT support to MBTA during Nor'easter
o Public bus trapped/inaccessible due to coastal flood waters (4’ covering roadway)
o Team deployed DJI Inspire to determine vehicle location and status
= Streamed stills and video to OCC
o Lessons Learned:
= Power: additional batteries and/or mobile generator power
= Location was in Class B Airspace for Boston Logan International Airport
e Emergency waiver with 100 ft. ceiling obtained verbally by phone in about
5 minutes. MassDOT has procedure in place with phone numbers, etc.

Next Meeting Topic: TBD
Next meeting: TBD May, 2018




Region |I: Unmanned Aerial Systems Executive Summary

Summary: Region 1 GIS, in the operational planning branch of the response division, has been exploring
the use and integration of Unmanned Aerial Systems and UAS derived products since 2013. Much of the
effort has been in collaboration with educational partners in New England. These partners include the
University of Vermont Spatial Analysis Lab (which is a US DOT funded UAS research facility) and the
Harvard Humanitarian Initiative, at Harvard University. Additional partners include MA-TF 1 Urban
Search & Rescue, U.S. Air Force Civil Air Patrol Northeast Liaison (CAP USAF NELR) and internal FEMA
Region 1 staff to include Situation Awareness Section, Ops Integration, and Air Operations.

Given the current UAS operation activity by state and local partners in Region 1, we fully expect UAS to
be involved in a response, with or without FEMA. To that end, we have adopted the stance that we
should be prepared to understand and incorporate UAS derived products, coordinate with those
partners on activity, and if possible pursue the use of UAS ourselves when operationally appropriate.

To support that stance, we have a draft guide to follow for Incident Support or Incident Management
activations. The document is intended to guide staff through the decision whether or not to employ
UAS for a specific task and to provide resources for leveraging UAS derived products collected by
partner organizations.

Next Steps: The draft “Region 1 UAS Guide” will be refined in 2017 to include a tool for end readers to
match UAS capabilities with mission needs and further guide them toward teams or agencies capable of
providing those capabilities.

Specific Efforts to Date

e 2013: “Ad Hoc Aerial Imagery” concept: Working with MA-TF 1 USS&R and a privately owned
DJI Phantom, created a briefing to illustrate the potential for tactical field use. Disseminated to
US&R Branch and GIO. Periodic SME input to US&R branch is ongoing.

e October 2015: Supported collaboration between MA-TF 1 US&R and University of Vermont UAS
team for multi-day Urban Search & Rescue mobilization exercise. Worked with UVM to define
mechanisms for leveraging UAS products.

e December 2015: Presented at quarterly Regional Interagency Steering Committee (RISC)
meeting on potential for UAS in disaster response and recovery.

e July 2016: Attended 5 day course on Remote Sensing for Humanitarian Efforts with Harvard
Humanitarian Initiative. Course includes significant material on UAS international case studies.
Disseminated course content to GIO.

e July 2016: Held workshop meeting with Harvard Humanitarian Initiative, FEMA R1 Ops
Integration, Operational Planning, and Air Operations.

e October 2016: Attempted support of collaboration between MA-TF 1 US&R and UVM during
mobilization exercise; clearance for flight never granted.

e Peer review of “UAV within FEMA Whitepaper” by Bridget loyner.

e October 2016: Facilitated peer review of Region 1 UAS Guide by HHI, UVM, FEMA.

e November 2016: In collaboration with Harvard Humanitarian Initiative, University of Vermont,
FEMA Remote Sensing Coordinator and Region 1 Air Operations Branch Director, released
internal draft “Region 1 UAS Guide”. The document’s intent is to guide Region 1 Air Ops and
Remote Sensing efforts for events that will include UAS.
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November 2016: Attended FEMA/University of Hawaii class “UAS in Disaster Management”

o In coordination with FEMA Remote Sensing Coordinator, began communicating with
course developers to identify ways to improve the case studies and incorporate UAS
advances into the class.

December 2016: With support of Operations Integration Branch, coordinated a full day Regional
Interagency Steering Committee (RISC) conference on remote sensing and UAS. Attended by
approximately 100 federal, state and local partners in New England. Presentations included FAA,
USACE, CAP USAF, University of Vermont, Harvard Humanitarian Initiative, and National Grid.
April, 2017: Participated in 2 day conference at Harvard University on “The Drone Revolution in
Spatial Analysis”. Met with Harvard Humanitarian Initiative, University of Vermont and CAP
USAF NELR.

April 2017: Supported and coordinated collaboration between CAP USAF and UVM UAS team to
incorporate UAS into CAP operations. Included coastal site study for comparison of fixed wing
and multi-rotor UAS capability. Exercise also included multi-rotor UAS support of ground team
wide area SAR exercise, yielding exceptional results.

Current: Collaborating with UVM, New Hampshire DOT, and HHI to deliver multi day workshop
on UAS operations and derived product creation and ingestion.

Chad Council

Regional Geospatial Coordinator
Response Division

FEMA Region |

Boston, MA 02110
617-956-7608/t
617-697-2386/c
617-832-4794/fax
chad.council@fema.dhs.gov
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