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Course Introduction

Unmanned Aircraft Systems (UAS) are an emerging technology that will likely revolutionize
disaster management. This course aims to explain the variety of UAS applications in disaster
work, from mitigation and preparedness to response and recovery, while detailing different types
of UAS and how each is appropriate for different applications. The course also explains the
current Federal Aviation Administration regulations on who can use UAS and how to apply for
authorization to use UAS.

This course will introduce first responders to the various types and uses of UAS in disaster
management and mitigation as well provide general guidance for first responders to navigate
the regulatory and application process required to integrate UAS into legal and effective use.

The course material will familiarize participants with the main types and abilities of various rotary
and fixed-wing UAS as well as the types of payloads and missions that generally are best for
each. The material also provides attendees with information on various payloads and sensors
available to first responders with examples of how certain payloads have been or could be used
in relevant situations.

Participants will learn what is covered under UAS regulations, who may operate UAS, what the
major issues are for UAS integration, how UAS can aid in disaster management, and what the
key elements and challenges are to creating a successful UAS program. Participants will learn
how to apply for authorization to operate UAS and what this authorization allows.

The material also includes a background on the legal and regulatory issues that first responders
must navigate in order to properly use UAS in their areas of responsibility. Finally, this course
will discuss how to best integrate essential privacy, civil rights, and civil liberties protections into
the program to avoid liability and to garner public support.

Version 1.0 Course Introduction | Page ii
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Unmanned Aircraft Systems in
Disaster Management

Module 1: Welcome, Introduction, and Administration
Version 1.0

FEMA

Slide 1-1. Welcome, Introduction, and Administration

Duration

50 minutes

Scope Statement

In this module, participants and instructors will complete course administrative requirements,
and participants will learn how their performance will be evaluated. Instructors will administer a
pre-test, which is essentially a self-evaluation to assist participants in determining their level of
knowledge on the course material prior to the course. This module also allows the opportunity
for instructors to present an overview of the course and for participants and instructors to
introduce themselves.

Terminal Learning Objective (TLO)

Participants will be able to state the course goals and objectives.

Version 1.0 Module 1 | Page 1
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Enabling Learning Objectives (ELO)

Unmanned Aircraft Systems
&- in Disaster Management

Enabling Learning Objectives

1-1 Review course administration
1-2 State course goals

1-3 Describe course content and evaluation
strategy

Slide 1-2. Enabling Learning Objectives

At the conclusion of this module, participants will be able to:
1-1 Understand the administration details of the course
1-2  State the goals of the course
1-3 Describe the course content and explain how performance is evaluated

Resources

e |Instructor ID

e Class roster

e Instructor Guide (IG)

¢ Module 1 presentation slides

« Laptop with presentation software installed and CD-ROM capability
e Audio-visual (A/V projection unit)

* Projector screen

* Chalkboard (and chalk), whiteboard (and dry erase markers), or easel and easel
paper (and permanent markers)

o Correction tape dispensers (two)

e Letter-size manila envelopes (four; one each for the course registration forms, pre-
tests, post-tests, and Level 1 evaluations)

¢ One of each of the following items per participant:
— Participant Guide (PG) available for download from http:/ndptc.hawaii.edu/
-~ Participant Handouts

Version 1.0 Module 1 | Page 2
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— Participant Registration Forms
- Pre-test answer sheet corresponding to pre-test version

Instructor-to-Participant Ratio
2:40

Reference List
None

Practical Exercise Statement
Not Applicable

Assessment Strategy

¢ Instructor observation of participant involvement in the classroom discussion.

e Instructor-led discussion to ensure that participants understand both how their
performance will be evaluated and how that evaluation will impact participants’
outcomes.

¢ Instructor administration of objectives-based pre-test to assess participants’ knowledge
of course content.

Version 1.0 Module 1 | Page 3
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Unmanned Aircraft Systems in Disaster Management

Icon Map

Knowledge Check: Used when it is time to assess participant
understanding.

Example: Used when there is a descriptive illustration to show or explain.

Key Points: Used to convey essential learning concepts, discussions,
and introduction of supplemental material.

Participant Note: Used to indicate text that has been included as
additional information for the participant. The text may not be directly
addressed in the slide presentation or during class discussion.

L ‘\ ,., 4
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Participant Notes:

Unmanned Aircraft Systems ' * ‘\
in Disaster Manageme

Welcome

* |Instructor introduction

* Participant introduction

+ Name

+ Employer

*  Why you are interested in this course
* Restroom location
* Emergency exits

» Cell phone/mobile electronic device use

Slide 1-3. Welcome

Cover the class protocols.
o Tell participants to set cellphones to vibrate mode.
¢ Explain the location of bathrooms.
¢ Explain the location of emergency exits.

* Encourage participants to ask questions at any time during the
class.

Version 1.0 Module 1 | Page 5
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Participant Notes:

Unmanned Aircraft Systems

in Disaster Management

: = Course
‘.';_."'.:'“‘_; — Registration

2 _ v UPPERCASE
——— letters
No abbreviations

Slide 1-4. Course Registration

The instructor will distribute the course registration forms for those
participants who have not already completed the online registration. The
instructor will then collect the registration forms.

Version 1.0 Module 1 | Page 6
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Participant Notes:

Unmanned Aircraft Systems

in Disaster Management

Pre-Test

* Basic assessment of . .
participant's incoming I —
knowledge of the ——
subject matter —

+ Answer to the best of
your ability

* Test is not graded

+ Mark answers on the
answer sheet

Slide 1-5. Pre-Test

The instructor will inform the participants that, working independently,
they will have 10 minutes to complete the pre-test.

Participants should follow these instructions as they take the pre-test and
indicate their answers on the test answer sheet:
* Write legibly using uppercase letters.

e Use the same first name, last name, and date of birth provided on
the participant registration form. This information is used to
generate a unique participant identification number.

e Complete the Test Date field in the upper right-hand portion of the
sheet by writing the day the test is actually administered.

e Write the test document ID number in the Test Doc ID field. The
ID number is located in the test handout footer.

— The instructor should confirm that all participants are using
the same test version.

e Fill-in the Pre-test answer bubble,

« Completely fill-in each bubble, making certain the darkened
bubble is correctly aligned to the selected answer letter on the test
answer sheet.

Version 1.0 Module 1 | Page 7
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Participant Notes:
@ Unmanned Aircraft Systems

in Disaster Management

Pre-Test Answers

Slide 1-6. Pre-Test Answers

Version 1.0 Module 1 | Page 8
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Participant Notes:

Unmanned Aircraft Systems
in Disaster Management

Course Goals

* The goals of this course are to help participants:

+ Learn about UAS types and regulations

» Understand UAS uses in disaster management

« Learn how to set up a successful UAS program, including
+ Engaging the community
« Addressing privacy issues, civil rights, and civil liberties

= Understanding the FAA authorization process

Understand key issues with UAS, including socialization,
technological evolution, and regulation challenges

Slide 1-7. Course Goals

The goal of this course is to guide agencies and organizations through
the process of creating a UAS program, including:

¢ Understanding how UAS can be used in disaster management

e Deciding if UAS are right for their mission

¢ Determining which UAS types are appropriate

e Setting up MOUs with necessary groups

e Understanding FAA UAS regulations

e Ensuring privacy, civil rights, and civil liberties policies are in place
e Ensuring communication with the community

¢ Learning how to apply for FAA authorization

Version 1.0 Module 1 | Page 9
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Unmanned Aircraft Systems
in Disaster Management

« Checklist will help guide
you and your agency
through initial steps :
needed to plan a UAS il
program —— ‘

* During the class, write
down your ideas on how
various topics relate to
your agency

Slide 1-8. Planning Checklist

Periodically during the course, the instructor will stop and have
participants write down their ideas on how certain topics relate to their
agencies. The packet will help guide participants and their agencies
through the initial steps needed to plan an unmanned aircraft program.
Make sure you thoroughly read the checklist ahead of time so you know
when to refer to it during the course. Keep it out during the course to
reference throughout the day.

Version 1.0 Module 1 | Page 10
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Participant Notes:

Unmanned Aircraft Systems
in Disaster Management

Information Supplement

« Second part of Checklist Handout

« Provides details on several areas discussed in this
course, for reference after the course is finished
+ Elements of a successful UAS program
* UAS regulations
* Privacy, civil rights, and civil liberties

» Resources

Slide 1-9. Information Supplement

The Information Supplement, which is the second section of the Checklist
Handout that each participant received, provides details on several areas
discussed in this course. Participants can use it as a reference when they
return to their agencies and begin deciding to develop a UAS program.

The pages of the Information Supplement include:
e Elements of a successful UAS program
e UAS regulations
e Privacy, civil rights, and civil liberties
« Alist of resources and websites to obtain more information

Version 1.0 Module 1 | Page 11
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Unmanned Aircraft Systems
in Disaster Management

Course Agenda
Module Title Duration
1 | Web . Introduction. and Administration | 50 minutes
- Break o | __1I)-mmu!es
2 | Types of Unmanned Aircrat Systems ~ | sominutes
. Break : __jo_mﬂtes
3 [UAS Options in the Disaster Management Cycke | 75 minutes
. Lunch 60 minutes
| 4 |uAS Regulations | esmintes |
. Break 10 minutes
|5 | Essential Elements for UAS Succes | 80 minut
- Break 10 minutes
8 | Applying for UAS Authorization | 40 minutes
7 Evaluation and Conclusion 40 minutes
[TomL T
1-10
Slide 1-10. Course Agenda
Version 1.0 Module 1 | Page 12
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Participant Notes:

Version 1.0
epic.org

Unmanned Aircraft Systems

in Disaster Management

Summary

+ Reviewed course administration
« Stated course goals

» Described course content and evaluation
strategy

Slide 1-11. Summary

Several administrative requirements were completed. Participants learned
how their performance will be evaluated during this course, and they
completed one such evaluation tool by taking the pre-test. The pre-test
provided participants with an idea of their strengths and weaknesses
regarding the course subject matter. Instructors reviewed the course
structure and agenda so participants were aware of the course goals and
had a general understanding of how the course content would be
presented.

Module 1 | Page 13
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Module 2: Types of Unmanned Aircraft Systems —

R S
e

Unmanned Aircraft Systems in
Disaster Management

Module 2: Types of Unmanned Aircraft Systems
Version 1.0

FEMA

Slide 2-1. Types of Unmanned Aircraft Systems

Duration
50 minutes

Scope Statement

This module will familiarize participants with what Unmanned Aircraft System (UAS) are and the
general types that might be used in disaster management. More specifically, participants will
learn about the different types of UAS by size, cost, flight design, and abilities. This module will
help participants understand how to select which types of systems will be most suitable in
carrying out their specific objectives.

Terminal Learning Objective (TLO)
The participant will be able to explain in basic terms what UAS are and their different types.

Version 1.0 Module 2 | Page 14
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Enabling Learning Objectives (ELO)

Unmanned Aircraft Systems
in Disaster Management

Enabling Learning Objectives

2-1 Describe UAS basics and how they can
be used

2-2 Distinguish between rotor and fixed-wing
UAS and their uses

2-3 Describe other UAS components,
including ground control units and
payloads

Slide 2-2. Enabling Learning Objectives

At the conclusion of this module, participants will be able to:

2-1 Describe UAS basics and how they can be used
2-2  Distinguish between rotor and fixed-wing UAS and their uses
2-3  Describe other UAS components, including ground control units and payloads

Resources

e Instructor Guide (1G)

e Module 2 presentation slides

» Laptop with presentation software installed and CD-ROM capability
e Audio-visual (A/V projection unit)

* Projector screen

e Chalkboard (and chalk), whiteboard (and dry erase markers), or easel and easel paper
(and permanent markers)

¢ One of each of the following items per participant:
— Participant Guide (PG) available for download from http://ndptc.hawaii.edu/
— Participant Handout

Instructor-to-Participant Ratio
2:40

Version 1.0 Module 2 | Page 15
epic.org EPIC-16-09-09-DHS-FOIA-20180628-FEMA-Production-pt1 000026



Unmanned Aircraft Systems in Disaster Management Participant Guide
Training Support Package

Reference List
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Practical Exercise Statement

There is a practical exercise at the end of Module 2 that presents two possible scenarios in
which UAS could be used. Participants will apply information learned in the course to help
answer the questions. The instructor will ask participants either to break into groups to discuss
the two scenarios and then discuss the possible answers together as a class, or not break into
groups and discuss the questions together, at the discretion of the instructor.

Assessment Strategy

e Instructor observation of participants’ involvement in the classroom exercise and
discussion.

e Instructor-led discussion to ensure participants’ understanding of module lesson topics.

Version 1.0 Module 2 | Page 16
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Unmanned Aircraft Systems in Disaster Management

Icon Map

Knowledge Check: Used when it is time to assess participant
understanding.

Example: Used when there is a descriptive illustration to show or explain.

Key Points: Used to convey essential learning concepts, discussions,
and introduction of supplemental material.

Participant Note: Used to indicate text that has been included as
additional information for the participant. The text may not be directly
addressed in the slide presentation or during class discussion.

L ‘\ ,., 4
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Participant Notes:
@ Unmanned Aircraft Systems

in Disaster Management

What is an Unmanned
Aircraft System?

SN

Slide 2-3. What is an Unmanned Aircraft System?

Although historically the development of UAS has focused on military
applications, recent advances in technology make UAS both affordable
and easy to operate, enabling UAS to go “mainstream.” In the United
States and worldwide, governments and civilians are finding new and
exciting ways to use UAS for non-military applications.

UAS for disaster response and mitigation have proven very valuable in
collecting data quickly, cost effectively, and in many ways that were
previously unavailable or too dangerous for manned systems. This course
will focus on the use of small UAS (sUAS) in disaster management.

Example: In the picture above, an Aerovironment Puma is
. flying in support of ground operations. sUAS are capable of

carrying multiple and diverse payloads that could provide

important information in support of ground operations.

Version 1.0 Module 2 | Page 18
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Participant Notes:

Unmanned Aircraft Systems

in Disaster Management

Components of an
Unmanned Aircraft System

* Aircraft
* Rotorcraft or Fixed Wing
* Ground Controller
* Remote controller, cellphone, laptop
+ Payload
+ What aircraft is carrying: cameras, sensors
* Crew
* Pilot, visual observer
* Other possible components
« Analysis software, recovery equipment

2-1

Slide 2-4. Components of an Unmanned Aircraft System

UAS are comprised primarily of an aircraft, ground controller, operator
(and often an observer), sensor payload and other possible components,
which may include launchers or recovery equipment. Although many
systems fit into backpacks, some systems require trucks or shipping
containers.

Version 1.0 Module 2 | Page 19
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Participant Notes:
Unmanned Aircraft Systems
@ in Disaster Management
UAS Statistics

Smallest UAS:
« Less than 1 ft/less than 100 dollars

Largest UAS:
« More than 80 ft / 100 million dollars

1,000s of models of UAS

+ sUAS:
+ Small UAS < 55 Ib (Main UAS discussed in course)
* Micro UAS < 4.4 |b (Unofficial term, under consideration)

Slide 2-5. UAS Statistics

UAS come in a wide range of size and cost. Some very small systems
can be bought at a hobby store or online for less than $100, and some
military-derived systems can cost millions.

Some experimental nano UAS systems can easily fit into the palm of
one's hand while a system such as the Northrup Grumman Global Hawk
has a wingspan of 116 feet, is 44 feet long, and costs about $131 million.
Micro UAS is not an official FAA term, but has been discussed as a
possible category.

In this course, we are focusing on small UAS or sUAS for a number of
reasons.

1. The size, cost, and ability to assist disaster management
applications make integration of SUAS into disaster situations a
very economical and powerful tool for responders.

2. Because of the rapidly expanding market of systems and
payloads, first responders should be aware of what is available to
make effective decisions regarding the integration of UAS into
disaster management.

3. sUAS are the focus of many changing and confusing regulations
that affect who can use systems, where, and how. One of the
main goals of this course is to inform people in disaster
management about the most efficient and effective ways to create
a UAS program, select UAS, and use them in a variety of ways in
disaster management.

Version 1.0 Module 2 | Page 20
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Participant Notes:

Unmanned Aircraft Systems
in Disaster Management

Sample of Manufacturers and
Features of UAS
Company vosn |t saaim | VRS | TS| e sowes | conm
Dl {Chira) Phantom 2 Visions L afu0OB 28 25 35 mpih 1,209
A0 Robobics (US) ADAR Aso F alad?2 id an A6 mph 1.360
Dvaganfly (Can ) Draganfiyes X4.C R (LTRE. 28 25 | 07 b payk u.:d_.‘.. 2095 |
PSI (LIS) InstantEye M2 L Tl!l 1].] | 12 a0 ‘ A5 mp, ‘lu.mu-m: 0,000
Mikrokopler (Ger ) Okiokopter X1 R 23x2 | 42 2 . 35 b payload 0.500
SenseFly (Swit ) Swinglet CAM F 26 1 30 | 22 mph 10,600
| Aerovironment (US) Puma AE F 92:4d6 135 210 . 52 mph . 438012
2-6

Slide 2-6. Sample of Manufacturers and Features of UAS

Example: This table contains examples of the size and price

. differences in available UAS systems. Some systems are
military grade, such as the Puma, and some are hobbyist and
professional, such as the DJI, which both hobbyists and
professionals use. Systems like the Puma and InstantEye offer
multiple vehicles in a system (Puma-3, InstantEye-2). Some
systems include basic payloads such as day/low-light
cameras; and some include ruggedized and weatherproof
controllers, spare parts, and heavy duty transport cases.
Systems like the Phantom include only a UAV and basic
controller without a video monitor, and purchasers have to
spend additional funds for upgrades.

Version 1.0 Module 2 | Page 21
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Participant Notes:

P X
Brief History of UAS

* Unmanned aircraft are not new, just more accessible to
general public, cheaper, with more features, cameras
* Military use
* 1840s—1900: unmanned balloons and kites used for

reconnaissance and bombing in U.S. Civil War, Spanish American
War

* 1960s: Firebee jet UAS used in Vietnam War for reconnaissance
missions, leaflet dropping. missile radar detection

« Civilian use
* 1950s: Radio-controlled aircraft for hobbyists
« Current: UAS now have better technology, cameras, sensors

Slide 2-7. Brief History of UAS

Many people are not aware that unmanned aircraft have been in use for
over 150 years, because UAS have been getting media attention only in
the past few decades. UAS began as simple craft in the 1800s—balloons
and kites with cameras attached—then became complex systems for the
military during the 1900s, and now are being simplified for commercial,
governmental, and hobbyist use.

Although UAS have a long history of use, advances in software, cameras,
and power management result in systems that are user-friendly and
affordable. Payload miniaturization also plays a critical role in the ability to
fly and gather data with sensors that used to be too heavy for sUAS to
carry, but now are lighter weight and more affordable to public agencies
and commercial service providers.

Modern UAS present first responders with a promising and powerful asset
able to improve disaster response and relief operations. When a disaster
occurs, UAS may be used to provide situational awareness, perform
search and rescue, assess damaged infrastructure, deliver supplies, and
provide communications, among many other potential applications. UAS
also can be used for pre-event monitoring and mitigation and are
applicable in areas too risky for personnel.
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Sample of Current UAS Uses

» Disaster management

« Agriculture

« Animal conservation

* Meteorology, climate change

» Pipeline, power line inspections
+ Transport/cargo

* Filmmaking

* Land surveying

* Real estate

* Photography

+ For three D situations: “dull, dirty, dangerous”

Slide 2-8. Sample of Current UAS Uses

This slide lists fields in which UAS have been utilized. The instructor
should focus on the wide range of industries and disciplines in which UAS
have been used in applications that show how they can be more efficient,
cheaper and safer than other alternatives. In disaster situations, UAS may
complement use of other assets, such as helicopters, airplanes, and
personnel on the ground, cooperating in a way that best utilizes resources
on hand. The cost differences of operating UAS versus helicopters are
tremendous. UAS can be operated from the field and in remote locations
providing critical data that without UAS may not have been possible or
efficient to gather. The slide lists examples of ways UAS are being used:

Examples:

¢ Disaster management: damage assessment, search
and rescue, continuing threat monitoring

e Precision agriculture: smart harvesting, water
management, pest identification/infestation, spraying

e Animal conservation: population tracking/monitoring,
anti-poaching support

« Meteorology, climate change: weather monitoring,
hurricane/cyclone research

e 3 D's. Pipeline and power line inspection: Dull going
over large areas at a time. Nuclear/Bio Hazard
inspections. Dirty and Dangerous
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Why Use UAS?

+ Cost a fraction of the cost of manned aircraft

+ Can be rapidly deployed

* Fly in conditions when manned aircraft are grounded
+ Use little or no fossil fuels

+ Can be easily transported by hand or backpack

+ Can fly inside buildings and under bridges

« Many models are easy to use

Mesa County Sheriff's Office, Colorado:
The cost to operate their UAS is $3.36 per hour, compared to
$250 to $2,000 per hour for manned aircraft.

Slide 2-9. Why Use UAS?

Key Point: As the cost of UAS systems decreases and the
capabilities increase, the case for integrating UAS into disaster
management activities has become quite compelling. This slide
illustrates the comparative cost to operate a manned aircraft to a
UAS system.

OA Key Point: Some UAS can be folded and placed in a backpack
for easy transport around a disaster scene.

Key Point: Rotorcraft UAS can get up close to a building or hover
under a bridge for damage assessment and disaster mitigation
work.

AN
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®
What Type of UAS Is Right for a
Particular Agency?

* In terms of agency needs:
» For what operations will UAS be used?
* In what types of locations?

* What types of imagery are needed?

* How many UAS are needed?

* What is the budget?

* How must data be captured and stored?

» Fill out part one on Planning Checklist: UAS Mission

2-10

Slide 2-10. What Type of UAS Is Right for a Particular Agency?

As UAS are becoming more common in disaster response and mitigation,
operators should first analyze how UAS would best help their agency or
operations. Agencies must determine what types of information and
imagery are needed, and legally can be collected, so they can select the
best sensors and aircraft for their work. Storage and retention of data
generated by UAS may raise privacy or civil liberties issues. We will
discuss this later in the course. Potential operators should also take into
consideration the locations where they will be operating, which affect the
selection of aircraft.

Going through this process helps agencies choose the type of system
that is most suitable to their needs. Once the system is in use, it is likely
that agencies will discover other uses not initially envisioned.

Module 2 | Page 25
EPIC-16-09-09-DHS-FOIA-20180628-FEMA-Production-pt1 000036



Unmanned Aircraft Systems in Disaster Management Participant Guide
Training Support Package

Version 1.0

epic.org

Unmanned Aircraft Systems
in Disaster Management

Slide 2-11. Rotorcraft or Fixed Wing

When determining what type of UAS is most suitable for an operator’s
needs, two main questions must be answered.

1. Which payloads provide the data desired?
2. Would a rotorcraft or fixed-wing UAS provide the flight

characteristics most suitable for the type of data needed and in
the conditions in which operations will be conducted?

This section deals with the second question and will provide the
information necessary to determine what type of UAS would best fit the
user's needs whether for government, commercial or recreational use.

Basic descriptions of rotorcraft and fixed-wing aircraft:

Key Point: A rotorcraft is an aircraft that uses lift generated by
rotor wings or blades that rotate around a vertical axis. Most
recognizable example of this is a helicopter.

Key Point: A fixed-wing aircraft is one that has its wings fixed in
place rather than rotating wings, such as most airplanes.

. Example: Northrup Grumman Fire Scout Helicopter is pictured
on the left.

» Example: Insitu Scan Eagle on catapult launcher is pictured
on the right.
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Northrop Grumman Physical Sciences
FireScout InstantEye
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Slide 2-12. Rotorcraft Examples

This slide shows a few different styles of rotorcraft. The instructor should
point out that rotorcraft can have different numbers of rotors: single,
double, triple, quad, hexa, octo, etc. The advantage of multiple rotor
rotorcraft (such as quadcopters), and the reason that they are
proliferating, is the stability and flight control advantages they offer,
making them easier to operate efficiently with less training.

Multiple rotor rotorcraft are not only easier to operate but because of the
shorter length of wings/blades, they are less likely to cause serious injury
if an accident occurs.

Example: A rotorcraft can have multiple rotors, and these are
two examples of a helicopter and quadcopter. Some
configurations can have eight or more rotors.
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Rotorcraft Details

* Size: 11b to 6,000 Ib

* Rotors: 1t0 8

* Payload: 0 to 200 Ib

Flight time: 8 minutes to 3 hours

» Small UAS (sUAS) rotorcraft:

« Focus of this course

* Under 55 Ib

Usually fly for less than 30 minutes
Carry small payloads of about 1 Ib
Examples: Instant Eye, DJI Phantom

Slide 2-13. Rotorcraft Details

These are general ranges of size and capability of rotorcraft. From
miniature aircraft that could fit in the palm of one’s hand to the 6,000 Ib.
Fire Scout, they come in all shapes, sizes, configurations, and
capabilities.

Key Point: This course focuses on Small UAS (sUAS) rotorcraft,
as this class of UAS is one of the most promising and powerful
technologies available to first responders in disaster situations.
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Rotorcraft Pros

« Vertical take off and landing (VTOL)
* Hand launch and recover anywhere
» Greater operational flexibility, locations
» Operate in tighter spaces and indoors

» Hovering ability for search and rescue, up-
close damage assessment

« Ability to get much closer to objects of interest
than fixed wing

Slide 2-14. Rotorcraft Pros

Example: Rotorcraft have the ability to take off and land
’ through small clearings in foliage. A few new fixed-wing
systems have combined the ability to take off and land
vertically with rotors, and then fly with the benefits of fixed-
wing endurance. In an urban setting, VTOL provides similar
advantages when operating in “urban canyons.”

. Example: The ability to hover and “perch and stare” is not
possible with fixed-wing UAS. In search and rescue
operations, the ability to hover and slowly cover a smaller area
of interest at closer range is possible with a rotorcraft, but not
a fixed-wing UAS.

. Example: In damage assessment situations, such as
inspecting bridges or other critical infrastructure, the ability to
get very close to objects and get detailed information is
another advantage of rotorcraft over fixed-wing UAS.
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Rotorcraft Cons

* Lower endurance
* High power drain from vertical take off and hovering
* Usually battery powered (rechargeable)
* Typical flight time about 30 minutes

+ Limited range due to slower airspeed

« Limited payload due to weight limits and effect
on flight and endurance

Slide 2-15. Rotorcraft Cons

r Key Point: Combination of slower flight speed and less efficient
use of power combine to use battery power quickly, which lowers
flight times and reduces the area of coverage of rotorcraft versus
fixed-wing UAS. If the area of operation is near the operator, a
quick battery change and flight check is all that is needed to get
aircraft back in the air again.

Key Point: Large payloads are difficult for rotorcraft UAS because

0/' they use battery power more quickly as the rotorcraft struggles to
maintain lift. Nevertheless, there are some large rotorcraft that can
carry heavy payloads.
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aurce Anrmarmnmant  NASA)

Slide 2-16. Fixed-Wing UAS

Fixed-wing UAS will be discussed in the following few slides. This slide
shows two very different examples of fixed-wing UAS. On the left is the
Aerovironment Puma with a wingspan of about nine feet, top speed of 52
mph, range of approximately 15 km and endurance of two hours. On the
right is NASA's Ikhana, a General Atomics Predator B UAS modified to
support scientific research and advanced aeronautical technology
development. lkhana has a wingspan of 66 feet, can operate above
40,000 feet carrying payloads (internal and external) weighing nearly
2,400 Ibs. with an endurance of more than 20 hours.

This slide illustrates the broad range of fixed-wing UAS available to
operators. In disaster situations, fixed-wing UAS can be used to gather
critical data for the prevention, monitoring, assessment, response, and
mitigation of disasters.

( Key Point: Although medium and large UAS are available and
being used in disaster management with great efficacy, the focus
in this course is on the impact and utility of small UAS for first
responders.
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(Seuree Asmarsomamt. Army)

Hand Launched Catapult Launched

Slide 2-17. Launching Fixed-Wing UAS

Hand launching and catapult launching are basic techniques for launching
fixed-wing UAS. Although some fixed-wing UAS still take off
conventionally by using a runway or cleared strip of land, these
alternative forms of launch offer more flexibility and less space. They also
would allow launching from small boats for water operations or even off of
trucks or trailers in some cases.

. Example: On the left is a Puma being hand launched.

Example: On the right is a Scan Eagle prepared to launch
from a catapult.
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Comparison of Fixed-Wing
Launching Techniques

Hand Launching Catapult Launching
+ Difficult to launch properly + Avoids improper
+ Training required throws/launch
« Improper launch may * Higher velocity
cause UAS crash, * Can launch larger UAS
damage « Bulky, less mobile

* Limited by UAS size

2-18

Slide 2-18. Comparison of Fixed-Wing Launching Techniques

Some ways that hand launching can fail:
e Person launching may twist the UAV when launching (must throw
straight) causing plane dive down and sideways.

« Person may not have enough strength to create the necessary
velocity required for proper launch.

e Hand launch may be at too shallow or steep an angle for proper
launch.

Key Point: Some catapults may be set up in the field and are not
necessarily as bulky as the Scan Eagle's launcher. Bungees are
sometimes used to launch fixed-wing UAS with some systems.

AN

Key Point: The lack of mobility and increased bulk is the major
limiting factor affecting systems requiring a catapult. This could
possibly be overcome by the superior flight range of fixed-wing
over rotorcraft UAS.

A

Version 1.0 Module 2 | Page 33
epic.org EPIC-16-09-09-DHS-FOIA-20180628-FEMA-Production-pt1 000044



Unmanned Aircraft Systems in Disaster Management Participant Guide
Training Support Package

Participant Notes:

Unmanned Aircraft Systems
in Disaster Management

Fixed-Wing Pros

Size: 1 |b to 32,000 Ib
Payload: 0 to 3,000 Ib
Flight time: 45 minutes to 40+ hours

* Fly longer distances
+ But can be limited by FAA line-of-sight rules

* Fly longer duration flights
Collect data over larger areas of interest

+ Allow greater payload flexibility and carrying
capability

Slide 2-19. Fixed-Wing Pros

(‘ Key Point: The largest advantage of fixed-wing UAS in disaster
situations is their ability to cover large areas as compared to
rotorcraft. Major factors contributing to greater coverage are:

« Higher power efficiency that leads to longer flight time.
* Higher speed that leads to larger area covered in less time.

« Higher flight altitudes, generally, providing sensors a larger
coverage area.

0/‘ Key Point: Ask the class: How might you use a fixed-wing UAS
for a disaster?

Answers may include imagery for overall situational awareness,
damage assessment, and large area search and rescue in
response to flooding, earthquake, hurricane, forest fires, etc. Also
fixed-wing UAS could be used for disaster mitigation by imaging
coastlines and other areas for risk assessment.
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Fixed-Wing Cons
» Launch requires open area

« More susceptible to crashing on take off

« Landings require larger area and are more traumatic
« Higher probability for damage to systems
+ Alternate methods of landing or collection

» Hooks/Nets (insitu)
« Vertical (deep stall and drop: Aerovironment, 1Al)

* Inability to hover

« Can loiter by circling an object of interest if it has a
side view or panf/tilt capability

Slide 2-20. Fixed-Wing Cons

Key Point: Instructor should also point out that fixed-wing UAS
generally require more sKill and training to operate versus
rotorcraft.

I o/ oint: Higher cost of ownership and down time should also be
(™ ted with a fixed wing due to the greater risks of damage on landing
and operator error.
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e Asocnmerd Moyl

Water Landing Hook

Slide 2-21. Fixed Wing Recovery Methods
Some fixed-wing UAS have alternate recovery methods:

Example: Deep stall. Some UAS land by deep stall,
- compared to traditional skid or runway landings. Some of the
advantages of deep stall landing are:

1. Ability to land in a smaller area
2. Ability to lessen impact on landing through the use of.
e Catching technigues with a net or other means
e Parachutes
e Airbags
e Bumpers at point of impact of the UAV

Example: Skyhook and water landing. Offer operational
. flexibility.
The skyhook and water landing UAVs shown above also
provide operational flexibility and maritime operations. These
methods of recovery also minimize damage risk on landing
and recovery by lessening or eliminating traumatic impact to
the aircraft.
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Applications Suited to Rotorcraft

* Hovering close to objects to allow detailed view
» Damage assessment
* Pinpoint monitoring:
+ Search and rescue
« Fire
« Evolving hazardous situations
« Operating in urban or cluttered environments
* Trees, buildings, towers, etc.
« Limited space for take off and landing

Slide 2-22. Applications Suited to Rotorcraft

(‘ Key Point: Hovering
e Rotorcraft can hover, allowing a focus on a fixed target or
small area.
e “Perch and Stare” ability allows much more detailed data
collection due to proximity to target and time on target.

(l Key Point: VTOL (Vertical Takeoff and Landing)

» Allows operations in urban and cluttered environments
where a fixed wing would not be able to operate at close
range and where there is little space for a takeoff and
landing area.
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Applications Suited to Fixed Wing

+ Search and rescue over large areas

* Imaging large areas to give a broad view for
damage assessment
* Post-disaster mapping and assessment
» Large disaster areas
« Oil spills
« Forest fires

* Floods
* Tornadoes/hurricanes

+ Distance limited by FAA line-of-sight requirement

Slide 2-23. Applications Suited to Fixed Wing

Key Point: Longer flight times and speed allow fixed-wing UAS to
cover larger areas.
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* Can be hand-held
or large enough to
require a trailer

+ Some are
ruggedized for
durability

Slide 2-24. Ground Control Units (GCUs)

Pictured are controllers for Aerovironment's sUAS systems. This is a
good example of a pilot and navigator set up. The pilot is able to
concentrate on the flying while the navigator is on the computer assisting
by monitoring the flight, changing waypoints, monitoring data, etc.

Some controllers are ruggedized for durability and use in the field. These
types of units often are found in systems built for the military and may be
more expensive. There are several commercially available ruggedized
tablets and laptops that may be good alternatives.

Example: Two types of controllers are pictured.
e Laptop/Tablet
 Handheld
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+ First-person viewing
+ Touchscreen navigation
* More information on screen

May be harder to hand-fly

without a stick controller

+ Good for autonomous flight
(pilot can still take over as
needed)

Slide 2-25. Tablet Based GCU

Key Point: Tablets can be used as the only controller or as an
additional controller in the same manner as laptops are used.
Some configurations mount tablets on the primary controller. With
the larger touch screen available, tablets make it much easier to
designate waypoints and control autonomous flight. Tablets
generally provide more flight information to the UAS operator than
a UAS controller with a joystick and a small screen, but can have
less precise control of aircraft than one with a joystick.
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+ Pilot has:
+ Stick control
« First-person viewing
* Multiple camera view
+ Navigator has:

« Laptop to control flight
paths, waypoints and
mission

(Source Aerovironment, 2015)

2=16

Slide 2-26. Combination Navigator and Pilot GCU

If a pilot handles the primary control of the aircraft while the navigator
uses a laptop or tablet, this allows pilots to focus on flying and the
navigator to focus on data collection.

Using the laptop/tablet, the navigator will be able to relay information that
may not be on the pilot’s interface.

Remind participants that when an agency sets up a UAS program, it
needs not only staff to fly the UAS but also staff to serve as an observer,
which is needed for every flight to have eyes always observing the
aircraft. In addition, an agency may need specialists to analyze the data
and to take the raw data and turn it into useful and actionable data and
imagery for first responders and emergency management to use.

Module 2 | Page 41
EPIC-16-09-09-DHS-FOIA-20180628-FEMA-Production-pt1 000052



Unmanned Aircraft Systems in Disaster Management Participant Guide
Training Support Package

Participant Notes:

Unmanned Aircraft Systems

in Disaster Management

GCU: Flight Modes

* Manual
« Set altitude of operation, fly by hand

« Autonomous

+ Waypoint navigation: set coordinates, then aircraft flies set
pattern without pilot input (pilot can take over as needed)

« Some UAS can take off and land without input

+ Loiter

* In a fixed wing, circling an area of interest with camera in
side view

Usually can toggle between flight modes in flight

Slide 2-27. GCU: Flight Modes
There are several basic flight modes for UAS.

. Example: Autonomous mode is generally used to gather
information over a set area of interest, such as mapping for

damage assessment or inspecting power lines. Autonomous
flight allows an operator to focus on the sensor data and when
something of interest is identified, the operator can toggle to
Loiter mode to circle (fixed wing) or Hover (rotorcraft) to gather
more data or get a closer look. Once sufficient information is
gathered, the operator may toggle back to Autonomous mode
to resume data gathering over intended area.
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GCU: Loss of Link

» Operators set instructions preflight on UAS in
the event of loss of link or loss of communication
with operator

* Examples
» Return to home and loiter/hover or land
» Go to a designated coordinate and loiter/hover or land

* Increases safety of UAS flight

Slide 2-28. GCU: Loss of Link

(g Key Point: Loss of link is a very important function to understand,
as it details what will happen to the aircraft if there is a loss of
communication between the aircraft and the controller. The
application for a Certificate of Authorization (COA) or Waiver,
which allows operation of UAS for civil or public use, asks for a
description of the lost link procedures for your operation.
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+ Point and click waypoint entry
* Use with online maps

* Drop-down menus of mission
commands

+ Program autonomous missions {3
* Record missions on computer
« Create mission logs

« Software for tablets/computers |
+ Many are open source 3

4
[Seume LISGS. 2012)

2-20 |

Slide 2-29. GCU: Flight Planning Software

Key Point: Flight planning software generally makes it easier for
an operator to plan and make changes to flight plans within an
operation. Creating a flight through a software program and
modifying the flight to fly to areas of interest is easier than having
an operator flying by visual line of sight or by landmarks seen
through the video feeds from the aircraft.
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Inspection  GPS-enabled Siren &

and For Precision Spectral Electromagnetic Atmospheric
Awareness Mapping Analysis  and Thermal IR Science
Imagery & Lidar

Slide 2-30. UAS Payloads. Sensors for Every Need

UAS can carry a variety of sensors depending on the need. Many large
sensors have now become miniaturized to fit on UAS, as manufacturers
are cutting back on the size and weight of sensors. Sensors include a
variety of still frame cameras and video cameras, spectral analysis and
lidar sensors, electromagnetic and thermal infrared sensors, sirens, and
sensors that can be used for atmospheric science.

Key Point: Use of some or most of these sensors will likely raise
privacy, civil rights, and civil liberties issues. The Alaska UAS
Legislative Task Force created a useful document titled
“Drone/UAS Operator Safety Guidelines and FAQs about
Privacy,” with examples of how UAS flights might violate
someone’s right to privacy, or at least be an annoyance. It
presents situations in which UAS operators should be sensitive,
such as flying over other people’s property or where people might
expect privacy, flying in a way that disturbs other’'s space or
disturbs animals, posting imagery online, etc. Ask participants to
give examples that they think might cause issues.

www.commerce.alaska.qgov/web/Portals/6/pub/UAS%200perator
%20Guidelines%2010-1-15.pdf

Remember that law enforcement, fire services, EMS providers,
emergency management, etc. must operate within their
authorities: an Office of Emergency Management in a county has
different authorities and different guidelines to follow in a disaster
than law enforcement or the Department of Health.
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Most Common Payloads

« Still Cameras and Video Cameras

+ High quality D-SLRs and high definition GoPro”
cameras often are mounted on sUAS to take images or
video

* Infrared sensors
* Thermal infrared, Forward-looking Infrared (FLIR)
* Respond to human and animal body heat

» Excellent for search and rescue operations

Slide 2-31. Most Common Payloads

When deciding on which UAS system to choose, sensors and payloads
are another key consideration in addition to the aircraft itself. The next
module will detail some of these sensors and payloads and how they
each can be used in different disaster situations.

Key Point: The most common payload for UAS is a still camera or

0/' video camera (or more likely one camera that can do both). High
quality digital D-SLR cameras and high definition GoPro®
cameras are the main payload mounted on sUAS to take images
or video, and they may be gimbaled or fixed, depending on the
system. A gimbaled payload is mounted on a pivoted support to
allow rotation and to stabilize image during flight, while a fixed
payload is set in one position.

‘(g Key Point: Another payload that is mounted fairly often on UAS is
an infrared sensor—thermal infrared or forward-looking Infrared
(FLIR). Infrared sensors respond to human and animal body heat
and are excellent for search and rescue operations. UAS mounted
with infrared sensors can detect survivors buried under debris
after a disaster, or can search for people lost in a forest.
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Other Types of Payloads

+ Radiation Sensors:
+ |dentify radiation levels in areas unsafe for manned vehicles
» Monitored post-disaster Fukushima Daiichi nuclear power
plant radiation levels

* Light Detection and Ranging (Lidar):

+ |dentify geographical changes post disaster
« Identify potential disaster risk areas

* Chemical Detection Sensors:
* Can “sniff” chemicals or gases to test for contamination
» Monitored volcanic activity at Mount Sinabung in North
Sumatra in early 2014

Slide 2-32. Other Types of Payloads

Many other types of payloads can be mounted on UAS that allow
payloads to be switched out. Radiation Sensors can be mounted on UAS
to identify radiation levels in areas unsafe for manned vehicles, such as
during the post-disaster Fukushima Daiichi nuclear power plant
meltdown, when UAS were used to monitor radiation levels.

Another type of sensor is lidar (Light Detection and Ranging, also known
as light radar), which measures distance by illuminating a target with a
laser and analyzing the reflected light and can be used for high-resolution
maps. Lidar can help identify geographical changes after a disaster and
identify potential disaster risk areas.

UAS also can carry chemical detection sensors, which can “sniff”
chemicals or gases to test for contamination and was used in 2014 to
help monitor volcanic activity at Mount Sinabung in North Sumatra in
Indonesia.
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Fixed Payloads

* Hard mounted or integrated into aircraft
« Often have multiple sensors directed in different orientations
» Some have both day and night sensors in a fixed payload

Slide 2-33. Fixed Payloads

Key Point: Fixed payloads are generally lower priced than
gimbaled payloads.

(‘ Key Point: Advantages of fixed payloads:
e Generally, more rugged and reliable with little or no moving
parts
o Easier operation by a single pilot, while gimbaled payloads
may require another operator to operate just the payload
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Payload mounted on
pivoted support to allow
rotation and stabilize
image during flight

Slide 2-34. Gimbaled Payloads

Pictured is a gimbaled payload on the Aerovironment Raven UAS.
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Pros and Cons

* Pros:

+ Have ability to pan, tilt, and zoom cameras
+ Stabilize images and offer very high resolution
+ Take advantage of autonomous flight capability
« Allows operators to focus on operation of sensors
+ Cons:

+ May be more prone to damage on landing, especially with
fixed wing aircraft

* Fixed payloads generally are more robust and not as easily
damaged

Slide 2-35. Gimbaled Payloads Pros and Cons

A gimbal allows the operator to pan and tilt a payload, eliminating the
need for multiple cameras (such as fixed cameras that are set to point
frontward, sideways, or downward). The precision of a gimbaled payload
makes it easier to lock onto areas or targets of interest to the operator.

Gimbaled payloads may require an additional operator for the payload if
the aircraft is not flying in autonomous flight mode.
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Module 2 Summary

* UAS include: aircraft, GCU, payload, crew, etc.

* UAS are: inexpensive, rapidly deployed, easy to
use, transportable

« Rotorcraft: hovering, close inspection, short flights

« Fixed wing: large area, longer flights, harder
landing

« GCU: tablet or GCU with joystick?
+ Payload: camera, infrared, lidar, radiation, chemical
» Payload: Gimbaled or fixed? Interchange sensors?

Slide 2-36. Module 2 Summary

This slide summarizes Module 2, to remind participants what was covered
and briefly refresh their memory of the main points.

Briefly review.
¢ The parts of a UAS (aircraft, GCU, payload, crew, etc.)

¢ Why UAS are a good option (inexpensive, rapidly deployed, easy
to use, transportable)
¢ The difference between rotorcraft (hovering, close inspection,

short flights) and fixed wing (large area, longer flights, harder
landing)

e The other components of UAS, including the GCU and payload,
and payload options
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UAS Selection Factors Summary

* Does mission call for various types of imagery?

» UAS should allow switch out of payloads
* Does the location have tight spaces? Wide areas?
« Should have two UAS per model, to switch out

« Useful to have both rotorcraft and fixed-wing UAS in
disaster management for different tasks

+ Some models offer a hybrid: rotors for vertical takeoff
and landing with fixed-wing for flight

» Fill Out Planning Checklist: UAS Imagery Collection

Slide 2-37. UAS Selection Factors Summary

o*

Version 1.0

Key Point: Several types of UAS only allow the sensors that are
built into the aircraft. If an agency requires several types of
sensors, make sure that the aircraft can carry those sensors or
has them built in.

Key Point: It is important to have more than one unit of a given
type of UAS, because if a UAS gets damaged, and the operator
has only one, then the operations are on hold until it is fixed
(which at times is a quick repair, but could be more extensive). If
the operator has a backup aircraft, then operations can be
resumed immediately.

Key Point: Not included in the slide is that fixed-wing UAS require
more training and expertise to operate. Fixed-wing UAS also
sustain greater damage in general due to more traumatic
landings. When deciding on a system, if a fixed-wing UAS is
selected, it is more important to have spare parts and spare
aircraft to ensure maximum utility. These considerations could
translate to higher costs in spares, replacement aircraft, and
possible downtime.
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Practical Exercise Scenario 1

A flash flood has occurred threatening a bridge plugged with
debris. Rescue personnel need immediate situational
awareness downstream of the bridge to plan the extraction of
residents and animals, but are prevented from entering the
area by the flood. It is still raining, and conventional aircraft
are grounded due to low clouds. The UAS team receives a
request for assistance from the incident command post.

A. How might UAS be used in the given situation?

B. Which type of UAS would be best: rotorcraft or fixed wing?

C. Which sensors should be used?

D. What other factors should you consider?

Slide 2-38. Practical Exercise Scenario 1

This exercise at the end of Module 2 presents a possible scenario in
which UAS could be used. Participants will apply information learned in
the module to help answer the questions.

The instructor will ask participants either to break into groups to discuss
the scenario here and then discuss the possible answers together as a
class, or not break into groups and discuss the questions together, at the
discretion of the instructor.
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Module 3. UAS Options in the Disaster Management Cycle
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Slide 3-1. UAS Options in the Disaster Management Cycle

Duration
80 minutes

Scope Statement

Participants will learn the various ways that UAS have been used in disaster management and
potential ways they could be used in future disaster situations. Specifically, this module will
discuss UAS uses in disaster response, damage assessment, disaster recovery, disaster
mitigation, disaster preparedness, and in national preparedness, in a format focused on
engaging participants in the thought process of how to best integrate UAS operations to fit their
specific needs in the future.

Terminal Learning Objective (TLO)

The participant will be able to explain several ways that UAS can support disaster management.
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3-1 Describe potential for UAS in disaster response

3-2 Describe potential for UAS in disaster recovery
3-3 Describe potential for UAS in disaster mitigation

3-4 Describe potential for UAS in disaster
preparedness

3-5 Cite potential for UAS in other national
preparedness areas

3-6 Describe advantages and challenges of UAS in
disaster management

Slide 3-2. Enabling Learning Objectives

At the conclusion of this module, participants will be able to.

3-1
3-2
3-3
3-4
3-5
3-6

Resources

Describe potential for UAS in disaster response

Describe potential for UAS in disaster recovery

Describe potential for UAS in disaster mitigation

Describe potential for UAS in disaster preparedness

Cite potential for UAS in other national preparedness areas

Describe advantages and challenges of UAS in disaster management

e Instructor Guide (IG)

¢ Module 3 presentation slides

» Laptop with presentation software installed and CD-ROM capability
e Audio-visual (A/V projection unit)

* Projector screen

+ Chalkboard (and chalk), whiteboard (and dry erase markers), or easel and easel paper
(and permanent markers)

* One of each of the following items per participant:

Version 1.0

epic.org

Participant Guide (PG) available for download from http:/ndptc.hawaii.edu/
Participant Handout
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Practical Exercise Statement

There is a practical exercise at the end of Module 3 that presents two possible scenarios in
which UAS could be used. Participants will apply information learned in the course to help
answer the questions. The instructor will ask participants either to break into groups to discuss
the two scenarios and then discuss the possible answers together as a class, or not break into
groups and discuss the questions together, at the discretion of the instructor.

Assessment Strategy

e Instructor observation of participant involvement in the classroom exercise and
discussion.

e Instructor-led discussion to ensure that participants understand the material.
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Icon Map

Knowledge Check: Used when it is time to assess participant
understanding.

Example: Used when there is a descriptive illustration to show or explain.

Key Points: Used to convey essential learning concepts, discussions,
and introduction of supplemental material.

Participant Note: Used to indicate text that has been included as
additional information for the participant. The text may not be directly
addressed in the slide presentation or during class discussion.

L ‘\ ,., 4
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and imagery flow (orvia a to add UAS to Incident UAS services
branch/groupunder here) Action Plan

3-3

Slide 3-3. Where UAS Fit Into The Incident Command System

When a request comes from the Incident Command Post (ICP) for UAS
services, it will usually come to the UAS service provider from the
Logistics Section Chief. This person provides services to the ICP for
obtaining resources.

The Planning Section Chief works with other General and Command Staff
within the ICP to present the Incident Action Plan (IAP). If the IAP needs
to be modified to accommodate UAS services, the UAS service provider
will work with the Planning Section Chief and the Operations Section
Chief.

Once the UAS missions are being flown, the information, data, and
imagery will flow from the UAS service provider into the Operations
Section. That information, data, and imagery may go directly to the
Operations Section Chief, or to a specific Branch or Group under the
Operations Section Chief.
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Slide 3-4. Overview: UAS Operate in a Cycle Assisting in Disaster
Operations

Key Point: The most important information that we deliver in this
course is the broad view illustrated here, where UAS operations
are seen as a cycle, feeding critical information to the point-of-
contact for the mission inside of the ICS structure, which is the
Operations Section Chief or the Planning Section Chief,
depending on the need. Whereas a lot of attention is focused on
the unmanned vehicle and its operators, it is really the information
collected, analyzed, and delivered at the end of a flight cycle that
defines the value of UAS in disaster operations.

» Example: The cycle starts with the point-of-contact for the

mission inside of the ICS structure, which would be the
Logistics Section Chief (from whom the request for UAS would
originate), or the Planning Section Chief (if UAS missions are
being planned), or the Operations Section Chief (who may use
information from a UAS for tactical decisions). That information
need may require a broad, overall perspective for evaluation of
access or major damage; a detailed, close-up inspection of a
structure or roadway; a landform topography map for landslide
threat prediction; a simple single-frame photograph of a
structure; an electronic spectrum cellphone network
assessment; or the delivery of a message.

The illustration shows two specialists hand-launching a fixed-
wing UAS for broad area surveillance. Implicitly, launch and
recovery clearways and a landing zone have been verified,;
wind vector and potential flight path obstacles have been
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accounted for; the UAS communication system is unaffected
by local electromagnetic spectrum; the flight vehicle equipment
is airworthy and the operator and observer are qualified; and
any/all permissions for overflying the operational area are in
place. The UAS flight team has to coordinate with other air and
ground teams to ensure safe, smooth operations. In particular,
coordination of the UAS team with other air services is
essential, which is accomplished at the discretion of the point-
of-contact for the mission inside of the ICS structure, who
would be primarily the Planning Section Chief, although the
Operations Section Chief also likely would be involved.
Further, it is also implied that software tools are in place for
extracting and processing the collected information, forwarding
it for supporting analysis, and for sharing, storing, and
protecting the information developed. Finally, it is implied that
a UAS operations reporting system is in place that will meet
FAA, and other agency, requirements.

» Example: The fixed-wing specialists in the picture become
part of the forward cadre that must be provided with food,

water, domicile, and protection. With simple rotorcraft systems
that do not require the level of operator specialization as fixed
wing, it may be possible for the mission to be performed
without such specialists. In either case, accommodating the
UAS operation and its people into the event scenario must be
considered.

This depiction shows a number of considerations underlying
UAS in disaster management. While UAS is a simple concept,
implementation is not simple, as there is no model to follow
and the challenges that must be met include principles as
fundamental as protecting basic civil rights.

Key Point: The use of UAS in the disaster management cycle

({‘ must start with an idea of the end analytic or expressive product in
mind, based on an agreement with the point-of-contact for the
mission inside of the ICS structure as to what information, in what
form, is most useful at this point in his/her mission.
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UAS in Disaster Response

« UAS are useful if they accelerate disaster response,
reduce risk to responders and survivors, provide
information otherwise unavailable, or lower costs

* Rotorcraft and fixed-wing UAS can support disaster
response:
+ Locating trapped and stranded people
« Assessing damage to infrastructure and buildings
» Creating temporary communications network
» Providing security and safety during response
» Delivering medicine and equipment to isolated locations
« Providing imagery for fire monitoring

3-5

Slide 3-5. UAS in Disaster Response

The range of utility for UAS in disaster response is potentially quite broad.
No specific mission or use stands out as the most useful. All are
performed by the same basic flow cycle. However, the several phases of
disaster require different formats of information collection and analysis, at
different tempos, pointing to a set of different sensors and UAS flight
vehicles to accomplish the mission. The most beneficial value of UAS
may be as much in time saved as the imagery result recorded. For
example, being able to examine a damaged building up close
immediately, without having to call the utility company to locate and shut
of the electric or gas service, may be in itself a game-changing value.

UAS are not in common use in disaster operations today, as the
technology is just emerging at a scale, price, capability, and legality that
can become useful. UAS can be a good option under certain disaster
conditions but not under all. Operations and command personnel should
consider introducing UAS into their disaster management efforts when the
use of a UAS would improve the overall disaster operation effort and
reduce risk to responders or survivors.

Example: The listed uses are suggestions for potential use of
UAS with the types of system currently available at the ‘entry level’
of UAS into disaster operations. This is the capitalization on
existing technology and systems at reasonably low cost and low
risk with potential high returns. By no means are disaster
operations uses limited by this list.
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Key Point: In this very formative time when the utility of UAS is
being developed, an important takeaway from this course is to
have potential operators think about how they might most
effectively put this technology to work and communicate with each
other and with UAS manufacturers to further develop ideas. User
ideas and feedback are essential to getting the most out of UAS
technology as we collectively improve the future of disaster
management. As UAS technology continues to evolve, it will take
a partnership between users and system developers to evolve the
right systems for the disaster management task, leading to
purpose-designed systems optimized for disaster operations. At
this point in UAS evolution, that specialization has not happened
yet. UAS we may consider using today are inherited from other
aspects of aerial surveillance.

r Key Point: Participation of UAS operators with first responders
during drills, exercises, tabletops, and real-world missions will be
an essential factor in determining the best uses in any particular
emergency. Searching for the ‘path of least resistance’ forward,
together, will be an important aspect in the necessary step of
socialization of UAS operations in disaster operations.
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Slide 3-6. Example: UAS Imagery of Napa, California Earthquake
2014

Example: This is an example of informal UAS usage in the
Napa earthquake of 2014. Here, a consumer-grade multi-rotor
carrying a video camera has been called upon to gather some
imagery of an affected building for on-scene assessment of
structural damage. Clearly this level of acuity in imagery, this
close up and this quickly collected, would be useful to an
emergency manager.

({' Key Point: This image also points out the issues that need to be
addressed as UAS capability is built up for disaster operation,
from privacy, personal rights, and information protection to safety
and reliability, operating procedures, and regulations.
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Disaster Response: Locating Trapped
People With Infrared Sensing

« Thermal infrared (TIR)/Forward-looking
Infrared (FLIR)
* Responds to human and animal body heat
« Sees through smoke, tree canopy, fog
« Key: getting sensor near person

* Optimum altitude: under 400 ft

* Rotorcraftis best choice
= Challenges when backgroundis hot, cold
+ Challenges with interpreting images

Slide 3-7. Disaster Response: Locating Trapped People with Infrared
Sensing

Infrared (IR) imagery captures the near-infrared information otherwise
filtered out of light collected in photography, allowing information about
source temperatures, rather than reflective colors, to be collected.
Temperature differences between elements in the image and the
background can indicate presence of human or animal life, if the operator
understands how to interpret the imagery. Thermal infrared
(TIR)/Forward-looking Infrared (FLIR) imagery responds to human and
animal body heat; and sees through smoke, tree canopy, and fog.

Infrared sensors have been extremely expensive in the past, due to the
technology of the energy-receiving rare earth elements, and are not in the
usual kit for disaster operations. As prices come down and infrared
systems are miniaturized to a size that can fit onto UAS, the utility of this
technology warrants being explored, evaluated, demonstrated, and
capitalized in UAS-based disaster operations.

When using infrared sensors on UAS to find trapped people, the operator
must consider a number of factors, including the background thermal
basis, the interpretation of the on-screen video display, and post-flight
imagery reprocessing.

Infrared works best at dawn when the background temperatures are a
stabilized overnight coolness, while human and animal figures show up
brightly. At higher sun angle conditions, the background surface
temperature will respond to integrated solar input, changing the
discrimination of body heat.
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Using infrared sensors for locating trapped people makes sense if the
sensor can be brought into the proximity of the people, to generate a
thermal response with adequate discrimination from the background.
Typical sensor acuity suggests 400 feet as a maximum working altitude; if
large crowds of people closely spaced are anticipated, higher altitudes
will work. The nature of infrared collection suggests a rotorcraft UAS so
that the sensor can be carefully positioned and remain in place while
hovering. Experience and training are necessary to get the most out of
infrared for finding trapped people.

Typical infrared observation is by real-time video display on a downlinked
monitor. Recorded video may be of lower quality than the original, a
consequence of the DVR process.

Still-image analysis is becoming available, leading to computational
assistance to the analyst, through software that operates at the pixel-
temperature level. However, still-imagery analysis implies post-flight
processing, with a necessary time delay and transmission of collected
information to an area for analysis. This extra processing time would not
be possible when searching for trapped people.

Learning how to use infrared sensors with UAS in disaster operations is
important, as well as training with the equipment, including any
transmission of information for analysis, or as the decision process of the
point-of-contact for the mission inside of the ICS structure.

0/' Key Point: Key here is for the operator/analyst to understand the
heat signature of the background against which the trapped
people may be highlighted.

0/‘ Key Point: Training in a range of sun angles and weather
conditions, background materials, and placement of target people
is necessary to capitalize on UAS infrared technology in disaster
operations.
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Example: UAS Using Infrared

Altitude: 100 ft

Ground controller screen view

* True color image on left, thermal IR on right
Thermal IR detects person’s body heat

Slide 3-8. Example: UAS Using Infrared

Example: These are screenshots from a ground control unit of
a typical tactical, first-level infrared camera compared to the
same scene in true color installed on a rotorcraft UAS.

Clearly, different aspects of the scene are highlighted by the two
methods. Debris buildup is evident in the color frame, but heat sources
are not. The two people in the image disappear against background
debris in the color picture.

In the heat-based infrared image, the reverse is true. The human figures
show up brightly, but so do the concrete retaining wall and stair landing—
heated as they are by the sun. The internal structure of the house even
shows up—a consequence of heat accumulation variability in thick
structure (beams) versus thin sheathing. This information itself might be
useful to breaching teams who must enter the building. Hot spots
indicating fire would show up in infrared and would be useful to fire
teams.

Employing infrared technology requires training to be sensitive to
background heat sources and the factors that drive background
temperatures. Time of day is an important consideration—dawn or early
morning is very useful, by taking advantage of overnight cooling, when
the thermal emitters (people and animals) stand out more clearly.
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True color: | Thermal-
Person not . black hot
seen 13 Person
discernable
Thermal- Thermal-
white hot: orange
Brighter hot: Most
image discernable

Source Ted Ruinton 2015

Slide 3-9. Example: Using All Image Sources to Understand
Situation

Training and practice are essential in determining the presence of trapped
people through UAS collected imagery. Each type of sensor says
something about the scene. The responder must be good at extracting
the essential information, triaging the present situation, and moving on to
the next situation, being cognizant of battery life of the UAS.

roofless building for protection and is under a chair. The chair
shows up in the true color image but the person does not. In
all of the sample infrared images—black hot, white hot, and
orange hot—the reverse is true, as the heat generated by the
person is evident. Most infrared sensors are designed to be
reset from black, to white, to orange-hot easily; the latter
setting is often preferred.

. Example: The injured person has moved into the corner of the

Key Point: In disaster management, all sources need to be
({‘ considered, especially when needing to find trapped people.

Color, infrared, and other sources—as much as can be

collected—will paint the most comprehensive picture.
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Locating Stranded People:
Wide Scan

» Big-picture, wide-area fast scan
* If general location is unknown
« Time is essential
+ Fixed-wing UAS best for large
area initial surveillance

+ 5x more efficient than rotorcraft
for large-area work

» True-color sensor with GPS
= 6 cm resolution

Slide 3-10. Locating Stranded People: Wide Scan

Getting the widest area surveyed quickly, at a larger resolution such as 6
cm, is likely to be the first step in finding stranded people.

Example: A mapping UAS system, composed of conventional
true-color DSLR installed on a fixed-wing UAS, will do a great
job of collecting multiple acres of overlapped imaging on one
battery charge. The resulting imagery can be processed rather
quickly in the field into a conventional ‘photo-mosaic,’ sufficient
for identifying the patterns and markers that indicate stranded
people. Back-up support analysts can make deeper analytic
assessments from the same information and relay them
forward.
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Locating Stranded People:
Close-Up Inspection

+» Decision: Launch inspection flight with rotorcraft
UAS

» High-resolution still photos of specific locations
= Hover capability

« Start with true color payload
« 2 om resolution
= 100 ft altitude

» Use thermal infrared, if needed

=11

Slide 3-11. Locating Stranded People: Close-Up Inspection

A rotorcraft would help one of the task teams triaging the area. Being a
simple system, the rotorcraft needs no specialist to operate and the
necessary imagery can be collected in phase with the team’s operating
tempo, minimizing disruption. The team is directed by the point-of-contact
for the mission inside of the ICS structure to collect imagery at the
geolocation specified by the fixed-wing team.

Note that we are using both metric and English units of measure to
describe resolution and altitude, respectively. In practice, individuals
working in disaster management will encounter such situations and care
should be taken to ensure that units are properly understood as they
relate to UAS missions.
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Immediate Situational Assessment

« Real time: Live view on hand-held controller for
immediate assessment
« Post-flight: Analysis on local laptop (20 minutes) for
enhanced images and photomosaic
* Photomosaic: stitching together series of overlapping
photos to make large-area map

« Recommend next step to the point-of-contact of the
mission inside the ICS structure

312

Slide 3-12. Immediate Situational Assessment

Example: The imagery from the UAS can be seen in real time
. on most flight controllers. Further analysis and cleaning up of
the imagery would take roughly 20 minutes for more detailed,

useful images.

(f‘ Key Point: Photomosaics can be created quickly, in which a
series of overlapping photos are stitched together to make one

large area map.

The fixed-wing imagery may lead to a decision to send in a UAS rotorcraft
with a color camera payload to get specific imagery. The mission plan
would be to hover over the area long enough to understand the emerging
picture relative to stranded people, quickly.
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Locating Stranded People:
Considerations

» Consider markers of stranded people and devise a
UAS mission plan to collect appropriate imagery
» Access cut-off: roads, docks, ferries damaged
* Local or large scale landslide or flood
» Transportation structures, runways, bridges damaged
» Clustering of people in unusual places
« Social media reports

3=13

Slide 3-13. Locating Stranded People: Considerations

(‘ Key Point: In order to use UAS to help find stranded people, it is
necessary to first understand the direct and indirect markers of

human behavior that indicate stranding, then devise a plan of
collection that will reveal these markers, fast, efficiently, and
accurately. The combination of UAS sensors, analytics, and
mission planning that address other disaster management needs
will also support the task of finding stranded people. However, for
this task, the nature and scope of the search, and the resolution
required in the resulting imagery, are introduced into the picture.

Certain markers can be deduced at low resolution, suggesting wide-area,
high-altitude, fast scan imagery collection using fixed-wing UAS. Fixed-
wing will get the broadest view of the terrain in which markers might exist.
Fixed-wing UAS may imply a level of specialization in equipment and
capability in the operator/observer that may exceed that of a task team.
The intense study of imagery necessary to uncover all markers may
require additional local or remote support, connected via a reliable
communications channel, to perform the analysis.

Information other than the imagery alone likely will be necessary to reach
a conclusion. This extended operation then introduces the additional task
of combining inputs to inform the solution and managing the information
analysis workflow. UAS becomes a contributor to the solution but is likely
not to be the sole element.
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Philippines

£

Zoomed in photo:
Smoke in field may be
stranded person signaling

Slide 3-14. Example: Wide-Area Scan in Philippines

This photomosaic of a flooded river basin was composited from numerous
overlapping still images taken by the hand-launched, fixed-wing UAS
shown. Detailed examination by people familiar with the area can reveal
markers that may indicate stranded people.

flooded area in a way that suggests human activity, perhaps
stranded in an isolated area cut off by the flood, which should
be investigated.

. Example: In this example, smoke can be seen rising from the
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Slide 3-15. Example: Zoom-In Verifies Normal Activity:
Person Removing Branches

’ Example: The resulting detailed still imagery may be played
back locally by the task team, and in this image, they could
observe that there is a person removing and stacking downed
brush and tree limbs, cleaning up post-flood. The person is
dressed, working in an orderly fashion, and is clearly not
displaying the behavior or markers of someone that signifies
any immediate threat of being stranded.

(g Key Point: In complex situations such as finding stranded people,
it will take the creative use of multiple information systems,

including UAS, to reach the most successful conclusions. UAS
can certainly accelerate the process and increase the accuracy of
the result, as well as provide the capability where it has not
typically been available and at lower cost. Fixed-wing and
rotorcraft working together are most likely the best combination of
assets.
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Damage Assessment

« Decide what needs to be imaged, based on what
is most urgent, in coordination with point-of-
contact for mission inside ICS structure

« Transportation: Roads, bridges, rail lines, runways
« Infrastructure: Electricity, water, dams
» Structures: Houses and buildings

3-16

Slide 3-16. Disaster Response: Damage Assessment

Damage assessment via UAS follows the same flow and process as the
prior examples. Most important is to decide what has to be measured or
imaged, at what resolution, and at what priority or urgency, in conjunction
with engineers and the point-of-contact for the mission inside of the ICS
structure. From that point, the method of collection must be determined. It
is likely to be a combination of fixed-wing and rotorcraft.

UAS could be an invaluable tool to help with damage assessment of

transportation assets such as roads, bridges, rail lines, and runways; of a
community’s infrastructure, including electricity, water, dams, etc.; and of
the area’s structures, including houses and the buildings in a town or city.
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UAS Options for
Damage Assessment

* Big-picture, broad-area damage :
assessment _@
« Likely fixed-wing UAS, but some
rotorcraft could do the job

* True color imagery, video and stills
= 6 cm resolution

* Small-scale, up-close inspection
= Likely rotorcraft UAS
* True color color stills
* 1 cm resolution

Slide 3-17. UAS Options for Damage Assessment

This approach is similar to what was discussed in the previous section. It
is important to note that imagery collected can always be used for
multiple purposes. Agencies should think through all the possible uses for
UAS to help with their work, and new UAS uses always will continue to
emerge.

Broad-area damage assessment would often be conducted with a fixed-
wing UAS, because they tend to have a longer battery life because of
more efficient flight. Small-scale and up-close damage assessment would
tend to be conducted with a rotorcraft UAS, because of its hovering ability
and ability to fit into tighter spaces. However, this is not set in stone and
various platforms can be used for different missions.

Module 3 | Page 76
EPIC-16-09-09-DHS-FOIA-20180628-FEMA-Production-pt1 000089



Unmanned Aircraft Systems in Disaster Management Participant Guide
Training Support Package

Participant Notes:
Unmanned Aircraft Systems
@ in Disaster Management
Transportation System
bond ey ASSESSMENt
* Broad view:

+ Usage patterns and flow: fixed-wing or rotorcraft
« Operational view:

* Impediments: fixed wing or rotorcraft
« Tactical view:
« Structural integrity: rotorcraft
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Slide 3-18. Transportation System Assessment

Transportation and access are often the first conditions that must be
assessed post-disaster. UAS can assist by providing clear, detailed
imagery of specific nodes in the transportation network quickly.

(‘ Key Point: Whether a broad view of a large area, an immediate
operational view of an event underway, or a tactical view in
support of an impending action, a UAS system can assist in
assessing transportation system viability.
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* What needs to be assessed?
» Traffic flow or impediments
» Best routes for first responder ingress to disaster areas
« Best routes for survivors to egress
» Transportation load anticipated
» Light traffic or heavy traffic? Wheeled or on foot?
« Transfer points, intersections, choke points, conduits
* Rerouting
* Fuel supply
» Road condition, debris, landslide, structural damage

Slide 3-19. Transportation Damage Assessment

r Key Point: The starting point is to understand what needs to be
assessed, at what accuracy or resolution, at what frequency, as
needed by the point-of-contact for the mission inside the ICS
structure and his or her engineers to understand the transportation
system viability or damage. Once that has been decided, the
sensor, UAS, and mission plan can be created.

Be aware that UAS use for transportation damage assessment could
create opportunities for image collection that could violate individuals'
privacy, particularly at low altitude, so carefully consider data retention
and data security rules when using UAS for this type of mission.
Collecting personal identifiable information (PIl), such as addresses,
license plate numbers, faces, etc., could violate someone’s privacy.
Participants should consult with their agencies to understand their
guidelines on gathering information and whether new policies and
procedures need to be developed to address the collection of data and
imagery, including PII, while using a UAS.
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Determining Road Conditions

» Consider markers of road conditions and debris
to devise UAS mission plan to inform situation

in Disaster Management Participant Guide

Unmanned Aircraft Systems
in Disaster Management

Continuity of surface

Obstacles, downed trees or power lines, abandoned
cars

Water on surface

Landslide overflow

Flow, or no flow, of traffic

Collapsed structures

Concentration of windblown or waterborne material

3-20 |

Slide 3-20. Determining Road Conditions

Road conditions are an important subset of the transportation system.

The process for determining best use of UAS to assist commanders in

gaining

an understanding of road conditions follows the same flow as

transportation systems in general.

o*

Version 1.0

Key Point: It may be important to engage engineers early on to
gain knowledge of specific measurements that need to be made
such as surface slope, cracks in roadway or structure, or 3D mass
assessment of accumulated debris in order to calculate road
bearing strength and threats to roadway structures such as
causeways, bridges, and retaining walls.

Sensors, software, and the UAS system that will do the job can
then be chosen.
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Example: UAS Lava
Overflow Observation

« Lava overflowing roadway — before and after
area scan with fixed-wing UAS

Souce Mok Tumeslt Hila SDAY. 20

Slide 3-21. Example: UAS Lava Overflow Observation

assessment comes from the “June 27, 2014, lava flow” in
Pahoa, Hawaii, a small town on the eastern flank of Kilauea
Volcano.

. Example: This example of UAS use in road condition

In November 2014, the general need was to identify areas of isolation
created by lava flowing over roads. Because a large area was of interest
and the measurement was straightforward—is there lava over the road,
approaching the road, or being halted and will not threaten the road—the
choice was made to use a fixed-wing UAS with a consumer-level camera.

The work was done in total coordination with the point-of-contact for the
mission inside of the ICS structure, and with other airspace users and
ground operations.

The photomosaic on the left shows lava approaching a farm road and,
three days later, overflowing that road.

This information was included in developing a work-around solution for
this section of the community.
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Post Lava
Flow Area
on the
Island of
Hawaii

Slide 3-22. Example: Structure from Motion

Example: Depiction of a more complicated terrain situation is

» illustrated here, where a structured collection flight was
conducted by a fixed-wing UAS over the recent Kilauea lava
flow. The blue and green symbols represent camera position
and orientation along the collection path, producing the 3D
surface depiction of the hardened lava surface.

(‘ Key Point: Photogrammetry is the process by which an individual
can create 3-D models by taking a series of 2-D images with a
camera attached to a UAS and using software to convert them
into a model such as in this slide, which looks similar to a video. A
UAS-generated surface model is a new capability not widely
available previously, but useful now for more precise disaster
analysis in support of the decision process of the point-of-contact
for the mission inside of the ICS structure. Periodic reassessment
can be used to observe progressive distortion in the surface,
useful for geologists in predicting potential lava outbreak.
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+ Use rotorcraft UAS to determine roadway

situation

* Fly a path down centerline
of roadway recording video
and stills

+ Railroad track inspection
test program initiated by FAA
May 2015

[Bewey Ted Rulubon. 2014}

3-23

Slide 3-23. Up-Close Inspection to Assess Damage

A unique capability that UAS possess is that of maneuvering in small and

tight areas, supporting deployed task teams, where aircraft-based support
imagery has not been possible. One example is that of detailed, up close

roadway inspections, as may be required to determine remaining bearing

strength.

. Example: The example shows an experiment wherein a small
UAS is tracking down the centerline of a roadway in a
simulated examination of a roadway post-disaster. With the
UAS flight navigation capability tied to geospatial reference
data, this kind of inspection is feasible even for remote areas
where inspectors or engineers lack access.

Recently a program was launched with the FAA to develop UAS-based
inspection capability for railroad tracks as much as 200 miles from launch
origin.

( Key Point: It will take additional system development in reliability
and safety to put this capability into common use. An important
part of that development is getting disaster operations users in on
the projects early.
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Damage Assessment

* UAS still images used to characterize damage and debris:
* Risk to survivors and responders
* Health hazards
» Entry and egress
* Obstacles
« Debris danger

Imagery from UAS rotorcraft after
Typhoon Haiyan in the Philippines
depicting roof damage and
accumulated debris around a sports
arena intended for evacuees

Slide 3-24. Example: Detailed Damage Assessment

. Example: In the case shown here, a sports arena intended for
use as a shelter for refugees post-disaster was itself damaged
by the typhoon. Quickly determining the overall damage and
debris accumulation picture was an important part of the
decision process of whether to use this structure.

A small, consumer-grade rotorcraft was flown overhead to
collect simple still pictures, one frame of which is illustrated
here. This allowed local authorities to make an accurate
decision quickly without having to make a manual survey.

Key Point: In this case, the response team itself was able to
make its own decisions without having to call out for overhead
inspection by a supporting air group, as would normally be the
case. Secondarily, the use of simple, consumer-level systems was
effective in winning approval from the local community.
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UAS Infrastructure and Structure
Assessment Post Disaster

+ Water mains

* Power grid and cell towers

* Drainage

» Water impoundment and dam structures
* Houses

* Apartments

Public buildings

» Commercial buildings

Slide 3-25. UAS Infrastructure and Structure Assessment
Post Disaster

Key Point: As assessments are expanded to the broader

(‘ infrastructure, different sensors and sensor orientation may come
into the picture. Whereas a pure vertical orientation of the camera
on the UAS is appropriate for mapping and big-picture awareness,
an oblique orientation of camera may be needed to produce the
3-D graphic representations of buildings, power grid, and
landforms.
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Example: Damage Assessment
Napa Earthquake 2014
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Slide 3-26. Example: Damage Assessment Napa
Earthquake 2014

Example: Here a consumer-level rotorcraft was able to collect

. imagery illustrating the close-up details of damage from a position
not available from the usual ground perspective. Engineers can
use this imagery to help make decisions on the stability of
structures.

Harnessing the capability of UAS into a reliable, dependable, accurate
information collection system is the challenge, so that information of the
quality illustrated can become the standard.

At the same time, the collected information must be protected from
unauthorized access, must be configured to feed into the reporting and
analysis flow up to the point-of-contact for the mission inside of the ICS
structure, and must be archived and saved, in a responsible and legal
manner. An agency must include in the development of its UAS program
how it will protect the data gathered by UAS at the time of collection and
once stored. Some agencies may use as a guideline protocols that they
already have in place on protecting data that was gathered using other
tools such as helicopters and body camera. If data and imagery gathering
is new to an agency, or the protection protocols need to be improved or
expanded for UAS, the agencies should seek guidance from their internal
legal and privacy departments and reference documents such as the
Department of Homeland Security’s Best Practices for Protecting Privacy,
Civil Rights & Civil Liberties In Unmanned Aircraft Systems Programs,
released on December 18, 2015.
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+ Damage assessed by deviation from normal
* Pre-disaster imagery may be needed
* Local specialists may provide frame of reference
+ Consult with architectural, structural, electrical, geologic
specialists
« Rotorcraft UAS good choice
* Hovering capability
« Ability to get very close to structures
* Observe from elevation as well as overhead
+ Can fly under bridges, inside buildings

Slide 3-27. UAS Infrastructure and Structure Damage Assessment
Post Disaster

With the infrastructure imagery collected post-disaster, the analysis of
that imagery may require local experts, engineers, and structural
specialists as part of the review team to support the decision process of
the point-of-contact for the mission inside of the ICS structure. Post-flight
processing by feature-extraction software may be indicated.

Key Point: This implies a level of analysis beyond the training for
forward-deployed response teams, suggesting that a
communication method for getting the imagery quickly sent to a
back area for analysis may be necessary.

Rotorcraft UAS are the likely choice for these operations, given their
hovering ability and ability to fly close to structures for an up-close view of
damage. In addition, rotorcraft can fly under bridges to assess their level
of damage and assess their stability, and some rotorcraft can fly inside
buildings, though maneuvering through corridors may be challenging.
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Example: Structural
Damage Assessment

« Simulated disaster scene

+ Critical information extraction
needs subject matter
specialist

+ Complex combination of
physical and resource
disruption

* Needs timely transfer of
information to analysts and
specialists

Slide 3-28. Example: Structural Damage Assessment

Example: This is an example of a ‘rubble pile’ training area,
where the UAS is being used to complement the observations
that can be made from the ground.

An important distinction is that UAS could perform this information
collection far away from the nearest access for responders, well before
the responders arrive on scene.

The imagery shown is a typical screen on a ground controller, or FPV
screen (first person view), as it is sometimes called. To use this
information effectively, the operator needs to understand what is
important to observe and report, and needs to be conscious of sun angle,
shadow, and other photography impedances such as rain, fog, or dust in
the air. Deducing the key observables from the screen takes training.
Furthermore, the downlinked video may be at a lower resolution than the
HD recordable on board.

({t Key Point: It is almost assured that more analysis of the imagery
will be required to extract the greatest value in damage
assessment. This implies a communication capability in place
between the UAS team that is forward deployed and the analysis
team in a back area, functioning via a pre-defined analytic
workflow.
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Example: UAS Post-Flight Imagery Analysis
for Detailed Structural Assessment

Need post-flight
processing to
determine structural
threats, access
routes, etc.
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Slide 3-29. Example: UAS Post-Flight Imagery Analysis for Detailed
Structural Assessment

Key Point: UAS can get in close, well forward of the responder

(' team, providing timely imagery with orientation and resolution very
capable of supporting damage assessment and assisting the
responder decision process.
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« UAS imagery
helped save historic
church

* Building was red
tagged from ground
inspection -

« But engineers saw

building could be
saved

Souew Evant Kilkiss, 2014)
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Slide 3-30. Example: UAS Imagery Helped 2014 Napa Earthquake
Damage Assessment

Key Point: Up close inspection supplements traditional ground-
based assessments, leading to more accurate results, better
decisions, and faster overall triage.

In this case, images from a rotorcraft UAS helped engineers determine
that a historic church was not too heavily damaged and could be saved. A
ground-based damage assessment team previously had red-tagged it,
but could not see the damage from above since they did not have a UAS.
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« 'Structure-from-Motion' Feature Extraction
» Rapid processing on laptop produces three-dimensional structure
models from series of two-dimensional images (such as photos)
+ 3-D fiy-around viewing capability
+ 5-minute UAS rotorcraft flight, 20-minute processing
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Slide 3-31. Example: Post-Processing for Damage
Assessment in Philippines

Imagery collection and processing capability are expanding rapidly,
increasing the capability of the forward team, as well as the back area
support analysts to produce useful information faster. The traditional
‘photograph’ is giving way to ‘structure from motion,’ one form of feature-
extraction and superposition modeling, resulting in superior 3-D
depictions of complex infrastructure from simple cameras on UAS.

. Example: In the example shown, a five-minute quick flight just
above treetop height along one side of this burned-out
structure in the Philippines, while taking still photographs on a
random flight path, enabled ‘structure from motion’ software to
construct this ‘point cloud 3D solid’ depiction on the laptop. A
second pass at a lower altitude would have given the software
enough information to remove the canopy effect, depicting the
tree trunks properly.

{{' Key Point: UAS, sensors, and software are becoming very
powerful generators of insight that is useful in disaster
management.
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Response: UAS for Temporary
Communications Network

* When primary communicalion systems are down

* UAS with a spectrum analyzer can help optimize where
to temporarily set up cell tower site

won Bol lewutn. Carmege Mollon, Ted Rafston. J014)
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Slide 3-32. Response: UAS for Temporary Communications Network

Example: In this example, a temporary cell tower is being
. placed in service and a small rotorcraft UAS carrying a test

emitter is flown through the community airspace to test the

electromagnetic strength pattern of the tower.

Based on the spectrum strength results, tower position can be optimized,
while decisions can be made regarding ‘quiet zones’ where signal
shielding occurs.
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Unmanned Aircraft Systems
@ in Disaster Management
UAS for Temporary
Communications Network

» UAS also can carry airborne cell relay systems,

Sewcs Jorge Perdomo 1M}
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Slide 3-33. UAS for Temporary Communications Network

Example: Where no cell spectrum is available, a small relay

. payload can be carried by a hovering rotorcraft or orbiting
fixed-wing UAS, bringing at least temporary communications
back to an area affected by disaster.

For continuous operation, a cyclic flight sequence would be needed,
changing batteries and recycling the flight, whether rotorcraft or fixed-
wing.
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Response: UAS for Security and
Safety Watch Post Disaster

Identify emergent safety issues
* Observe food and water distribution
* Observe safety of evacuees and refugees

Monitor checkpoint or assembly area traffic
Detect change in integrity of infrastructure
Identify unsafe areas: downed power lines, flooding

=34

Slide 3-34. Response: UAS for Security and Safety Watch
Post Disaster

UAS can be put to many tasks in the post-disaster time frame when
security and safety watch become important. At these times, orderly
recovery, requiring periodic overview observation, imagery, and mapping
is in order.

o,' Key Point: UAS can be employed by local units under the
direction of the point-of-contact for the mission inside of the ICS
structure to collect periodic imagery and process it rapidly for local
review and decision-making regarding orderly progress of
recovery. Both fixed wing for wide area coverage and rotorcraft for
detail inspection are logical choices.

o/ Key Point: Any use of UAS for safety and security monitoring
must take into full consideration the rights and privacy of the
people below.
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UAS Security and Safety Watch
Post Disaster

« Sensor and software options:
« Video
* Electronic spectrum sensor
« Alerting devices — siren

» Change detection software

« Analysis and alerting are time critical
» UAS rotorcraft likely choice

3=35

Slide 3-35. UAS Security and Safety Watch Post Disaster

For next-level inspection or other local flight mission within the domain of
security watch, UAS can be an advantage. Video imaging or periodic
photographic coverage may be in order, as well as collecting
electromagnetic spectrum data, atmospheric quality data, water quality
data, refugee public health data, or providing remote alerting via siren or
other attractor device. Rotorcraft are a likely choice for these missions.
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Response: UAS Delivery to
Isolated Locations

* Adapt what's being developed in consumer world
* Precision needed for drop — blanket or pinpoint
* Potential deliveries: up to 2 Ibs

Food

+ Batteries
= Cellphones, ham radios

Prescriptions, medical supplies
Vision and hearing devices

+ Small tools

+ Personal flotation devices

=36

Slide 3-36. Response: UAS Delivery to Isolated Locations

Delivery of small parcels by UAS is a clear future mission, extremely
useful in situations where access is limited. Commercial businesses are
developing this capability, which can transition to disaster management
operations when perfected.

The UAS design and development community would welcome feedback
from people in disaster response about the commercial delivery systems
under development.
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Response: UAS for Fire
Assessment and Monitoring

» Detect smoke via true color imagery
» Detect heat source via thermal infrared
* Measure atmospheric data: wind, humidity

» Determine access, evacuation routes

» Locate people/animals in collapsed buildings
* Locate fire teams, lost people

» Assess damaged buildings before entering

3=37

Slide 3-37. Response: UAS for Fire Assessment and Monitoring

UAS can become effective in partnership with manned fire attack teams if
properly coordinated. UAS have the additional capability of being easily
carried forward with the attack team and being able to measure
atmospheric properties and wind to feed the fire-propagation model at
macro level.

Beyond the direct fire measurement or imagery, UAS can assist in
monitoring the evacuation and ingress routes, providing alerts, and
delivering small parcels.

0/ Key Point: Manned air assets are a well-ingrained function of

wildland fire fighting; it is important for UAS to be integrated with
that function, supplementing manned operations, rather than be
separate from it.
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UAS for Fire Assessment
and Monitoring

» Carried in backpack to scene

 Ensure firefighter safety

= View wide wildfire area or above

roof to plan attack, exit strategies

+ Fly in conditions that manned

aircraft cannot

* Smoke, terrain, inside buildings
* Inexpensive, easy to operate,

expendable
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Slide 3-38. UAS for Fire Assessment and Monitoring

(f' Key Point: Fire response teams can use simple, or possibly

expendable, UAS for fire assessment and monitoring. UAS in
firefighting would primarily be rotorcraft, though fixed-wing UAS
would be effective for large-scale wildfires. Getting a top-down
roof view is extremely useful in fire attack planning.

Some UAS can be folded and carried to the scene in a backpack by
firefighters, who can use UAS imagery immediately to view a wide wildfire
area or to see above roof to plan how to approach a fire and determine
exit strategies, all of which supports firefighter safety.

UAS often can fly in conditions that manned aircraft cannot, allowing them
to fly in some smoky conditions, near uneven terrain, and inside buildings.
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Wildfire Assessment
and Monitoring

« Coordination with point-of-contact for mission inside
ICS structure

* Information transfer from UAS team to fire battalion

+ Common language and geospatial position method

* Launch and recovery area

=3
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Slide 3-39. Wildfire Assessment and Monitoring

. Example: Integration of UAS into wildfire operations will
require the same attention and training as introducing any
other new technology to the current fire fighting system,
through tabletop and field exercises, development of operating
protocols, and system/operator certification.

Currently there is a sense of concern over growing ‘hobbyist’ UAS
penetrating wildfire situations in a rogue and unwanted way, without
coordination or alignment with existing manned air operations. This
situation is another factor that must be resolved to enable fully-trusted
use of UAS in wildfire situations.
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Practical Exercise Scenario 2

A large school with multiple buildings has partially collapsed in
an earthquake. First responders are mobilizing to get people
out. There is a threat of further damage, debris scattered
about, and people may be trapped. The point-of-contact for
mission inside ICS structure is seeking your UAS team's
assistance. The skies are clear and news helicopters are in the
area.

A. How might UAS be used?

B. Which type of UAS would be best: rotorcraft or fixed wing?

C. Which sensors should be used?

D. What other factors should be considered?

Slide 3-40. Practical Exercise Scenario 2

The exercise presents a possible scenario in which UAS could be used.
Participants will apply information learned in the modules to help answer
the questions.

The instructor will ask participants either to break into groups to discuss
the scenario and then discuss the possible answers together as a class,
or not break into groups and discuss the questions together, at the
discretion of the instructor.

You can ask the participants if they would like to take a 5-minute break
after this exercise.
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Disaster Recovery: UAS Uses

* UAS imagery of damage for long-term recovery
» Widespread damage of communities, rural areas, coastlines
» Damaged buildings and infrastructure
« Verification and analysis of recovery progress

+ UAS imagery pre-disaster to use as baseline comparison
for recovery

3=

Slide 3-41. Disaster Recovery: UAS Uses

Long-term recovery from disasters requires a determination of what must
be done to prevent re-occurrence. UAS can contribute to this
understanding by enabling damage measurement in topographic and
other forms to assist in recovery decisions.

To aid the long-term process, it is possible to use UAS to collect specific
site data in areas likely to be impacted, such as coastal or watershed
flood control areas, river basins, dams, embayments, waterfront
infrastructure, etc. in advance of a disaster occurring. These data, part of
a periodic surveillance and site review, can serve as a basis for making
decisions for long-term recovery.

Version 1.0 Module 3 | Page 100
epic.org EPIC-16-09-09-DHS-FOIA-20180628-FEMA-Production-pt1 000113



Unmanned Aircraft Systems in Disaster Management Participant Guide
Training Support Package

Participant Notes:

Version 1.0
epic.org

Unmanned Aircraft Systems
@ in Disaster Management
UAS Imagery for Long-Term
Recovery: Damage Analysis

« Damage analysis for mitigation of future disasters
* What to rebuild, where to rebuild, how to rebuild
* Planning of infrastructure and transportation rebuilding
» Assessments of sites for rebuilding, new construction

* Up-close imagery of lightly damaged buildings
+ Damage assessment and structural analysis to determine
reconstruction needs
* Insurance documentation

342

Slide 3-42. UAS Imagery for Long-Term Recovery:
Damage Analysis

Long-term recovery decisions must be informed with as much specific
information as possible of the current condition. UAS can perform much
of that collection.

UAS are a useful tool to help analyze the damage from a disaster, which
is key for the mitigation of future disasters. Post-disaster imagery can
help with the decision of where to rebuild, with assessments of sites for
rebuilding and new construction, and for the rebuilding planning of
infrastructure and transportation that was damaged in the disaster.
Furthermore, UAS can provide up-close imagery of lightly damaged
buildings to help with damage assessment and structural analysis to
determine what reconstruction is needed. This imagery also could greatly
assist with insurance documentation.
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UAS Imagery for Long-Term
Recovery Process

« Periodic UAS reimaging and remapping

« Assessment of access, transportation, and physical
landform recovery

* Analysis of community recovery progress
* Which have recovery support?
* Which are most resilient and can rebound quickly?
* Which are rebuilding in unsafe areas?
+ |s there orderly or illogical rebuilding?
» Which are addressing vulnerabilities?

S=43

Slide 3-43. UAS Imagery for Long-Term Recovery Process

Key Point: UAS can help the disaster recovery effort by

({‘ periodically reimaging and remapping the area to assess any
improvements in access and transportation, as well as changes in
physical landform recovery.

Furthermore, UAS imagery can help with an analysis of the community
recovery progress to determine which communities are recovering
quickly, where unsafe rebuilding is occurring, and where vulnerabilities
remain that need to be addressed.

This use of UAS can help socialize the UAS concept and assist in
developing system operational strategies in a less-stressed environment,
since it is not occurring in the fast-paced emergency phase of disaster
response, but rather during the long-term recovery process.

Any capture and storage of images raises potential privacy and civil
liberties considerations that will need to be addressed in an agency’s
UAS plan and potentially in a Privacy/Civil Liberties Assessment. Long-
term recovery may imply long-term retention of UAS imagery, so as part
of a UAS plan an agency must determine how long it should allow data
and imagery to be retained. A Privacy/Civil Liberties Assessment is a tool
an agency can use to address the P/CL issues as it develops its plan and
policies. Module 5 will provide some examples.
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Example: UAS Imagery for
Long-Term Recovery

o v

+ UAS imagery after H e o
Typhoon Haiyan in the
Philippines helped
assess progress in
community recovery

* UAS images could
locate where roofs were
repaired, where
damage remained

R

Slide 3-44. Example: UAS Imagery for Long-Term Recovery

Example: UAS imagery during the recovery phase after

. Typhoon Haiyan in the Philippines helped disaster
management at the local leadership level, as local officials
were able to evaluate the overall damage situation in order to
plan out the recovery process. Periodic re-flights were planned
to check on progress.
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UAS for Long-Term Recovery

+ Excellent entry-level usage of UAS in disaster
operations
« Self-contained, low risk
+ Slower tempo than disaster response operations
* Need for both types of UAS
+ Fixed-wing for imagery of broad damaged areas

* Rotorcraft for up-close imagery of building and
infrastructure damage

Slide 3-45. UAS for Long-Term Recovery

r Key Point: UAS use during situations that are not immediate
emergencies, such as disaster recovery and disaster mitigation,
are a great way to help socialize the UAS concept and assist in
developing system operational strategies in a less-stressed
environment.

Both fixed-wing and rotorcraft UAS may be needed, depending on the
disaster recovery operation.
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Example: UAS for Recovery from
Landslide or Lava Flow

« Landslide or lava covers region and roads

* UAS imagery to determine
new 3-D landform

+ Build bypass road or attempt
to restore original road?

* What surface hydrology
effects, or other long-term
topographical effects can we
foresee from landslide or
lava flow deposits?

JS=ifi

Slide 3-46. Example: UAS for Recovery From Landslide or Lava Flow

Example: Highly accurate local area 3-D topographical

- surface and volume models can be produced from locally
flown UAS surveillance flights to inform decision-makers on
risks associated with landform change. Periodic, focused re-
flights can be conducted where high risk is indicated.

Key Point: Well beyond ‘pictures,’ analytic extraction capability

o" will continue to grow, making UAS more useful as the analytic
systems advance, sensors and analysis software become tuned to
each other, and flight/mission planning becomes simpler.

Disaster recovery user feedback into the UAS design domain is extremely
important.
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Pre-Disaster UAS Imagery Collection
for Post-Disaster Recovery

» UAS can collect baseline imagery pre-disaster
+ Baseline for damage assessment and recovery
» Landforms, buildings, infrastructure
+ Coordinate with utility companies, government GIS
+ Information protection a factor

» Could be a positive factor in normalizing / socializing
UAS operations
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Slide 3-47. Pre-Disaster UAS Imagery Collection for Post-Disaster
Recovery

Pre-disaster imagery can be extremely important as a reference and
coordinating function for decisions in time of disaster, for recovery
planning, and for insurance reasons. UAS can contribute markedly to this
collection process.

This use of UAS can tie in with normal environmental and infrastructure
management, adding value to normal infrastructure management while
building UAS capability for the higher-paced disaster time frame.
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Disaster Mitigation:
UAS for Inspections

+ Risk Assessment and Risk Reduction

= Analyze periodically roads, dams, bridges, power grid, other
infrastructure, flood zones (below images: dam, power inspections)

* Understand where weak points and vulnerabilities exist

+ |dentify potential failure points in future natural, technological, and
human-caused incidents

{Boures Ted Raiston JO15)
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Slide 3-48. Disaster Mitigation: UAS for Inspections

. Example: The two photos on the left are examples of UAS
images of earthen dams, which are subject to condition
change based on vegetative growth or removal, as well as
water level. The photo on the right is of a power grid system.
In both cases, UAS offer insights not easily achieved with
normal ground-based inspection.

Key Point: Disaster mitigation requires actions taken in advance

C{' that reduce the risk of adverse consequences when disaster
conditions arise. Understanding of weak points or points of
vulnerability can be enhanced and localized using imagery
collected from the altitude and lateral offset perspective of the
UAS.
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Unmanned Aircraft Systems
in Disaster Management

Disaster Mitigation: UAS Data
and Imagery

+ Fixed-wing for broad area imagery

* Rotorcraft for up-close imagery of oL
buildings and infrastructure I-

+ Trained operator/observer/analyst

» Sensor technology and software
evolving rapidly

+ Structure from Motion and LIDAR
miniaturization particularly interesting
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Slide 3-49. Disaster Mitigation: UAS Data and Imagery

Sensor and software technology are continually being developed to
extract more useful information from UAS flight data, extremely useful in
disaster mitigation decision-making.

Example: Simple imagery from consumer-level cameras can
be readily converted into three-dimensional land topographical
maps for landmass predictive assessment. Relatively simple
modification of cameras into near-infrared sensors can result
in calculating vegetation stress. Both factors are useful in
forecasting for disaster mitigation.

This work can be done at local level in support of local authorities,
quickly, and at low cost via UAS.
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UAS Imagery for Disaster Mitigation

« Considerations:
« How often to re-image? Seasonal changes offer different imagery
= Privacy: How long will data be stored, who has access?
* Planform and elevation images useful
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Slide 3-50. UAS Imagery for Disaster Mitigation

. Example: Two examples shown here of useful mitigation
information collected by UAS include a refugee assembly site
on a military base and a housing development with substantial
alteration in the topography.

The growth of vegetation over time around the refugee site may turn into
debris during a typhoon and must be kept clear to enable the site to
perform its intended function.

The progress in vegetation growth around the housing site will be a factor
in retaining ground slopes and preventing landslides.

Monitoring both situations via UAS is important in planning mitigation
steps in advance of a storm season.
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UAS for Disaster
Mitigation: Considerations

* Good method of keeping reference or
background data robust, fresh, and affordable

+ Great way for UAS to gain acceptance in
disaster management and for communities to
become comfortable with UAS

* Non-emergency situations

» Fixed wing and rotorcraft UAS useful in
mitigation imaging

351

Slide 3-51. UAS for Disaster Mitigation: Considerations

(C Key Point: UAS are a good partner with urban planners and
disaster managers in the continuous mitigation analysis that
needs to accompany the spread of urbanization and the
interdependence on infrastructure. UAS can be a good method of
keeping reference or background data and imagery robust, fresh,
and affordable.

UAS use in disaster mitigation also is a great way for communities to
become comfortable with UAS.
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Practical Exercise Scenario 3

The new mayor of your small southeastern seaside city has
made disaster risk reduction a cornerstone of her term. The
mayor has asked you—the head of the city's department of
planning—to create a UAS program to provide information and
imagery on possible risks that need to be addressed. Your
historic city has many old buildings downtown, a long stretch of
homes built close to the coastline, several historic bridges
spanning causeways, a river running through town, and an old
dam along the lake on the edge of the city.

A. How might UAS be used?

B. Whichtype of UAS would be best: rotorcraft or fixed wing?

C. Which sensors should be used?

D. What other factors should you consider?

Slide 3-52. Practical Exercise Scenario 3

The exercise presents a possible scenario in which UAS could be used.
Participants will apply information learned in the modules to help answer
the questions.

The instructor will ask participants either to break into groups to discuss
the scenario and then discuss the possible answers together as a class,
or not break into groups and discuss the questions together, at the
discretion of the instructor.
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Unmanned Aircraft Systems

in Disaster Management

Disaster Preparedness: UAS Uses

« Condition of traffic flow on evacuation routes

* Indicators of approaching hazard
» Approaching storm, rising river, ice jam, lava flow, mud
flow, early volcanic activity, etc.
« Early warning public announcements to remote
citizens, alerting/attractor siren or horn
+ Socialize UAS operations ahead of time with the

responder community and local officials through
training

Slide 3-53. Disaster Preparedness: UAS Uses

Whether well in advance of an impending disaster or in the immediate
preceding time interval, UAS can be very effective in providing local,
specific information useful for disaster preparedness. Information
collection to indicate evacuation route status, for example, before landfall
of a storm or volumetric measurement of ice jam accumulation upstream
of a bridge are two examples of measurements that can be made by UAS
that would be helpful to authorities.

UAS also can carry a siren or horn as payload, which can provide early
warning public announcements to people in remote locations that are
hard to reach by other means.

The same process and considerations apply to UAS employment in
disaster preparedness as in the other phases, all starting with the need to
define what it is that should be measured, by what means, and at what
time interval.
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Preparedness: UAS for Real-Time
Evacuation Monitoring

« Traffic concentration and flow
* Choke points
» Type, size, load, speed, frequency of vehicles
« Steady flow or cyclic pulses of flow
« Condition of roadway
+ Video may be best for flow monitoring

» Applies to post-disaster traffic monitoring as well

=54

Slide 3-54. Preparedness: UAS for Real-Time Evacuation Monitoring

The operational flow and pattern here is much the same as in the
previous examples, with the addition of the dynamic nature of evacuation
(or any mass movement of people).

observing dynamic factors, rate patterns, and other flow features
less evident in stills.

(‘ Key Point: Motion assessment implies video coverage for
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Unmanned Aircraft Systems
in Disaster Management

+ Large-area scan for observing traffic patterns

* For pre- and post-disaster traffic and evacuation monitoring
« Photo is of the Philippines after Typhoon Haiyan

» Zoom in for TR
details i :

* Fixed-wing

Big-Picture UAS Scan for
Traffic Flow

Slide 3-55. Big-Picture UAS Scan for Traffic Flow

Wide scale, big-picture imaging can provide situational awareness of
traffic flow for pre-disaster evacuation monitoring to identify areas of
traffic congestion and best routes. With these results, local officials are
able to observe traffic patterns in relation to occupant density and
structural state, to quickly identify choked points or traffic incidents to
improve evacuation efficiency.

s 2

Version 1.0

Example: This image happens to be taken after a disaster, but
the concept is the same for pre- or post-disaster evacuation
monitoring. The image, a photomosaic derived from stitched
together UAS images to create one large image, is of a
waterfront area in the Philippines that was hit by Typhoon
Haiyan. The state of the overall traffic patterns—of the
evacuation of survivors as well as the ingress of responders—
needs to be understood quickly by the point-of-contact for the
mission inside of the ICS structure.

A fixed-wing UAS with a consumer-grade color camera was
flown with an overlapping flight path to collect imagery in
sufficient detail to map the entire waterfront area, for quick
field generation of high-resolution photomosaics.
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Detailed UAS Flight for Traffic
Choke Point Evaluation

* Fixed wing in loiter mode

(circle around a point) or

rotorcraft in hover flight ‘%
* Continuous, cyclic, or

periodic re-fly
+ Make sure people's privacy

is maintained during traffic
assessment

Sowce Phyncal Soences inc  2014)
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Slide 3-56. Detailed UAS Flight for Traffic Choke Point Evaluation

If a big-picture mosaic revealed a location with a particular choke point
that was hindering traffic, it might be appropriate to launch a small
rotorcraft UAS (or series of such UAS) to hover over the critical point.
This would provide dynamic information over a set time period to assess
the problems with the delays, while ensuring that this traffic assessment
did not affect people’s privacy. Collecting personal identifiable information
(PIl), such as imagery of license plate numbers and faces, could violate
someone’s privacy. Participants should consult with their agencies to
understand their guidelines on gathering information and whether new
policies and procedures need to be developed to address the collection of
data and imagery, including PII, while using a UAS.

oﬂ Key Point: In most cases of UAS support for disaster
management, it will be necessary to employ both fixed-wing and
rotorcraft systems, as in this case. Rotorcraft can be simple
enough to operate that responder teams can use these systems
as they would their other tactical equipment. Fixed-wing systems
usually are more complicated in mission planning and operation,
requiring at least one specialist to be on the team.
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UAS for Preparedness:
Hazard Analysis
* Gather information on impending hazard

+ Collect imagery of rising river, lava flow, mud flow
+ Analyze location, size, direction, and who and what at risk

* Collect data on approaching hurricane, early volcanic
activity
* Scientists are investigating flying swarms of UAS into
hurricane for meteorological data
« Scientists investigating UAS for data on volcanic gases, other
volcanic activity
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Slide 3-57. UAS for Preparedness: Hazard Analysis

Hazard analysis is the process of looking at an impending disaster
situation from a systems perspective, including the collection of
atmospheric, oceanic, or public health data that can inform the systems
analysis. UAS have the ability to collect that information closely and
rapidly, leading to a highly accurate, predictive data stream that has not
heretofore been available.

As UAS functionality and sensor capability continue to develop, valid data
at the local scale can be collected quickly by UAS for local threat
assessment and for feed upward into the overall disaster predictive
model.

Scientists at several universities in the United States are testing UAS by
flying swarms of very small UAS into hurricane for meteorological data.
Scientists around the world also are investigating UAS for data on
volcanic gases and other volcanic activity.

Version 1.0 Module 3 | Page 116
epic.org EPIC-16-09-09-DHS-FOIA-20180628-FEMA-Production-pt1 000129



Unmanned Aircraft Systems in Disaster Management Participant Guide
Training Support Package

Participant Notes:
Unmanned Aircraft Systems
@ in Disaster Management
UAS for Preparedness:
Early Warning

+ Early warning to remote
locations

* Warning delivered by recorded
warning announcement or siren

« Time limitation of UAS batteries

* May lose flight vehicle in
process...expendable subclass
of UAS

Souce Physeal Scncasine 2010
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Slide 3-58. UAS for Preparedness: Early Warning

Early warning is a function that UAS can provide by delivering audible
messages via siren or other attractor attached to the UAS or by delivering
message material. Commercial business interests are working on several
possibilities for the delivery of items by UAS, which will be usable in
disaster operations.

Message delivery is quite different from imagery collection, to the point
that one-way trips may be necessary with expendable UAS, if there is no
reliable way to re-launch the UAS post-delivery for a return to base.
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National Preparedness:
Other UAS Uses

* Biohazard, chemical, and nuclear assessment

+ Bomb detection and assessment

=59

Slide 3-59. National Preparedness: Other UAS Uses

{(1 Key Point: Virtually any preparedness function currently
performed by manual inspection can be performed by UAS--it
merely requires the intelligent and creative use of sensors,
analytic software, and the UAS itself.

Especially interesting are inspections or data collection where penetration
into the zone itself is hazardous. In these cases, an expendable UAS may
be employed to collect the necessary information and the UAS
purposefully scuttled to avoid returning with contamination.
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UAS in Biohazard, Chemical,
and Nuclear Assessment

* Highly specialized operation conducted by experts
+ May be 'one-way trip’ for UAS
* Avoid back-transporting contamination

« Lightweight sensors for atmospheric chemical
characterization and gamma radiation detection

+ Likely rotorcraft UAS configuration

+ UAS monitored Fukushima Daiichi nuclear power plant
radiation levels after 2011 nuclear disaster in Japan
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Slide 3-60. UAS in Biohazard, Chemical, and Nuclear Assessment

Key Point: Using UAS as one-way sensor carriers into

(f‘ contaminated environments is an important use, even though in
some cases the UAS may not be recovered. In such cases, it is
important that trained specialists be involved so that the UAS, its
electrical system, and its communication system do not become
event triggers or otherwise involved in an extension of the
disaster.

UAS can carry lightweight sensors for atmospheric chemical
characterization and gamma radiation detection, keeping personnel
further away from the contaminated site.

Example: UAS were flown with radiation sensors to monitor
. the Fukushima Daiichi nuclear power plant radiation levels
after the 2011 nuclear disaster in Japan.
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UAS in Bomb Detection
and Assessment

« Highly specialized operation conducted only by experts

* First used by armed services
= Chemical characterization of aerosol traces and visibly-
detectable disturbed earth

* Further development needed

+ UAS radio-frequency emission could inadvertently trigger
a bomb or IED
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Slide 3-61. UAS in Bomb Detection and Assessment

{{t Key Point: Using UAS as one-way sensor carriers into bomb
threat environments is another important use, even though the
UAS may not be recovered.

In such cases, it is important that trained specialists be involved so that
the UAS, its electrical system, and its communication system do not
become event triggers or otherwise involved in an extension of the
disaster.
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Other UAS Uses in
National Preparedness

« Survey snowpack levels, inspect
for potential avalanche paths, drop
explosives to trigger avalanches

» Testing by Washington State DOT
+ Inspect pipelines, rail cars, marine
vessels, etc.
« Detect hydrocarbon gas leaks

» Use forward-looking infrared
cameras (FLIR), gas detection
filters

[Secree Margaret Rawten 2014)
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Slide 3-62. Other UAS Uses in National Preparedness

The future is wide open for progressive miniaturization of sensors,
increasing sensor capability, increasing UAS capability, more
comprehensive software analytics, and cost reduction. At the same time,
operations of UAS will continue to get simpler with more assurance of
mission completion.

{{' Key Point: Washington State DOT has been testing UAS to
survey snowpack levels, inspect for potential avalanche paths,
and drop explosives to trigger avalanches.

UAS also can be used to inspect pipelines, rail cars, marine vessels, etc.,
and detect hydrocarbon gas leaks.
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UAS Advantages in
Disaster Management

Can be rapidly deployed after an event

» Are operated at a fraction of the cost of manned aircraft
Can be easily transported by hand or backpack

« Are relatively easy to use and accommodate various sensors

= Offer real-time imagery on operator's screen, can quickly
disseminate to selected first responders and management systems

« Can fly in conditions when manned aircraft are grounded

* Reduce putting first responders in dangerous situations

* Increase chance of finding survivors

Cost of UAS is “83.36 an hour to operate, which compares to $250 to $600 an hour
for a manned aircraft™ - Mesa County Sherifi’s Office, Colorado

St [aw Trorws Teke o A—wce e v famee U g, ey 30, 2012
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Slide 3-63. UAS Advantages in Disaster Management

Experience in disaster operations with UAS is just beginning in the United
States, following actions taken by Congress and the FAA to make UAS
available to responders.

The advantages of UAS, measured by lower cost, more rapid results, new
and useful sensors, most advantageous placement of sensors, ubiquitous
operations, and higher level of information provided to ICs, are expanding
rapidly as the UAS industry grows at a significant pace.

Small and portable

b. Low cost

c. Many accommodate multiple sensor payloads
d. All of the above

o
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UAS Support Disaster Management

* Provide immediate situational awareness for first
responders, emergency managers
= Imagery of real-time, decision-relevant conditions
* Information digitally disseminated to decision makers

+ Help establish, maintain coordinated operational
structure and communications

+ Support strategic and operational disaster planning

« Support risk assessment, hazard mitigation, and
resilience analysis

+ Support community disaster recovery

=il

Slide 3-64. UAS Support Disaster Management

({g Key Point: UAS can be a critical component in disaster

management, by providing immediate situational awareness for
first responders and emergency managers through imagery of
real-time, decision-relevant conditions. This UAS imagery and
information can be digitally disseminated quickly to decision-
makers, to help establish and maintain coordinated operational
structure and communications. UAS also can be a valuable tool
for risk assessment, hazard mitigation, and resilience analysis.

Understanding the optimum way forward for incorporating or adapting
UAS technology into disaster operations is the next step. Observing the
issues of community awareness, privacy, and citizen rights need to be
addressed as the technology is incorporated. Module 5 in this course will
explore this in greater depth.
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Challenges Come with
UAS Advantages

+ First responders, local agencies, and nonprofit disaster groups
already are using UAS in disaster operations worldwide
* Reduce response time
» Give power to local level response, reducing top-down approach

* But with advantages comes challenges:
« |mportance of ensuring privacy and rights protection, FAA and local
flight approvals, integration into the national airspace
+ Need training and team exercises to fully integrate UAS into most
effective disaster operations

Importance of privacy, community involvement, airspace integration, and
technology will be discussed in the following modules
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Slide 3-65. Challenges Come with UAS Advantages

(g Key Point: First adopters always face new hurdles on the way to
achieving the benefits of new technology, and UAS are no
exception.

Privacy and protection of personal rights are key considerations that
surveillance systems confront. A Privacy Impact Assessment (PIA) and a
Civil Liberties Impact Assessment (CLIA) are tools that can be used to
involve the community both at the outset when they are developed and
later on when the document is posted for the public on a website.

In Module 5, privacy, civil rights, and civil liberties are discussed in more
detail.
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Sample of UAS Use in
Actual Disasters

YEAR DISASTER UAS USE
W_I— Nepal earthquake Damage assessment
2016 | Typhoon Pam, Vanuatu Damage assessment
B M. Sebung volesns: Volcano monitoring
2013 Typhoon Haiyan, Infr cture and damage ass ent,
i Philippines humaniarian assistance logistics, recovery mapping

2013 Sichuan earthquake, China | Damage assessment, power line inspéction
2012 | Hurricane Sandy, New York Detect power line failures using infrared and

ultraviolet filters
2011 Earthquake, tsunami, Monitor radiation levels, damage mapping and
nuclear melidown. Japan _ | imagery
2010 | Earthquake, Hatti Map camp site, survey rebuilding, flood analysis

(used in 2012 and 2013)

Post-disaster reconnaissance and damage
assessment, recovery reconstruction

2009 Typhoon Morakot, Taiwan

=56

Slide 3-66. Sample of UAS Use in Actual Disasters

Key Point: Most documented uses of UAS in disaster operations
have come from international experiences. Now that the FAA is
moving quickly in opening the doors in the United States, we can
expect accelerated development of capability and use in disaster
operations.
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Unmanned Aircraft Systems

in Disaster Management

Checklist: UAS for
Disaster Operations

* MOQUSs, agreements signed

+ Flight, ground, sensor systems in conformance, calibrated
* Analytic software set up

* Operational communications, data flow planned

» Personnel training, certifications confirmed current

» Procedures on managing data developed

+ Transportation and logistics arranged

* Interagency simulated scenarios practiced
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Slide 3-67. Checklist: UAS for Disaster Operations

Moving forward with a UAS program for disaster management requires an
organized approach to ensure integration into the current operational
workflow and address the certification and legal responsibilities. Agencies
that want to establish a UAS program need to think through the needed
agreements, equipment, software, personnel training, and data flow
management, including who will have access and how the information will
be protected, among other things.

Key Point: Now that Congress and the FAA have opened the

({' door to more widespread UAS operations, standards need to be
established quickly by first adopters, generally commercial users.
This standardization will benefit disaster organizations, in that a
degree of socialization will have occurred, giving disaster
managers a place to start.

As these standards develop and the UAS industry becomes more
defined, it is imperative that the disaster management community
provides guidance to the UAS designers. Participating in training is one
way to help inform the design community and can help to assure that all
factors are considered as a UAS program is built.
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Summary: Module 3
UAS in Disaster Management
UAS can be used for all phases of disaster
management
» Response, Recovery, Mitigation, Preparedness
« UAS can support firefighting
* UAS can be sent into hazardous situations

» Biohazard, chemical, and nuclear assessment
* Bomb detection

Understanding what information is needed is the
first step in designing a UAS mission
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Slide 3-68. Summary: Module 3 UAS in Disaster Management

UAS can be used for all phases of disaster management, including
response, recovery, mitigation, and preparedness. UAS can play an
important role in firefighting; bomb detection; and biohazard, chemical,
and nuclear assessment.

It is the users that will best define the utility of UAS in disaster operations
that are most beneficial. Together, the users, developers, and
‘clearinghouse’ functions performed through training can contribute
greatly to the value of this technology in disaster operations.
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Practical Exercise Scenario 4

The Fire Department battalion chief asked your fire department
UAS team to help manage the evacuation of summer camps in
mountainous ravines, as a fire in the lowlands threatens to
move up the ravine. There is one road serving all traffic, smoke
and fire-induced winds, and water bombers are working the
perimeter of the fire.

A. How might UAS be used in the given situation?

B. Which type of UAS and sensors would be best?

C. What other factors should you consider?
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Slide 3-69. Practical Exercise Scenario 4

The exercise at the end of Module 3 presents possible scenarios in which
UAS could be used. Participants will apply information learned in the
modules to help answer the questions.

The instructor will ask participants either to break into groups to discuss
the scenario here and then discuss the possible answers together as a
class, or not break into groups and discuss the questions together, at the
discretion of the instructor.
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