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« Advanced Air Mobility is impacting emergency and disaster response
operations
e Unmanned Aircraft Vehicles (UAS) Examples:
e Search and Rescue operations
e Scene Reconstruction for Disaster Damage Assessment

« However, the use of UAS introduce safety risks to the National Air Space
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* Find ways to improve UAS mission safety

e How to find safety practices (“mitigations™)?

e QOperational Manuals

« City, County, State, cross-county, etc

e Advisory Circulars (AC 1072A)

e FAA Orders (Risk Management System Appendix — Waiver Process)
e Recordings of agencies

e \Waiver Provisions

e How to find when things went wrong? (Hazards)

e FAA Accident DB, ASRS, NEISS (“toy” accidents), NTSB — All narratives @

System-Wide Safety
3



.

« Goal: Find ways to improve UAS mission safety
e But how do we “group” this large collection of text containing mitigations

and hazards so we can compare them?

e \We chose to use Model Based Systems Engineering
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Dsstbiand Agencies Standa rd Op erating | ' Waiver Website Activity Diagram

___________________________________________________________________________________

e STANDARD OPERATING PROCEDUNES e JAIVER PROVISIOV\#S

1

: ASRS, NEISS,
. FAAFOIA nciden
P _D tabase ) N rratl

'NARRATIVE DATABASES

Overlayed Activity
Diagrams

o o— &

Subject Matter Expert

Grounded Theory Activity Diagram

.
%um

Activity Diagram

|
I Advisory Activity Diagram
| Circular 107-2A

ADVISORY CIRCULAR SUBJECT MATTER EXPERT

&,

System-Wide Safety
5



« The goal is to identify the gaps between mitigations and hazards, validate through agency
interviews, and make it operational through a chatbot

Step 1. Accumulated Step 2. Identify.where Step 3. Given a manual, compare safety mitigations and
hazards occur in

Mitigations and hazards for gaps

safety procedures
Hazards yPp

Step 4. Validated Step 5. Use findings Step 6. Chatbot answering ”\

; i for larger-scale surve .. .
identified gaps g y mission questions System-Wide Safety

through interviews validation 6
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Modeling Example

An intuition on information overlap across different sources and its
model representation
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AC1072A and Operational Manuals

« Different mitigation statements on loss of Visual Line of Sight

AC 107-2A Fire Operational Manual 1

’ A 10 S i mn I'CT. | el) ! nt(g 1vu. Thesma"
unmanned anrcraft must be operated closely enough to ensure vnsﬂa:llty requlrements are
met during small UAS operatlons Thls re ulrement also ap hes to the VO |f used

dunnthealrcrafto ati 1€ person r 'S may have brief ]

Llall |

1, However, it is emphasized that even

B Should the remote PIC

Fire Operational Manual 2
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* Loss of VLOS due to Battery life checks and

operational awareness
®* Loss of VLOS cross-source overlap

e Actors

AC 107-2A

5.9
The small
to ensure visibility requirements are

unmanned aircraft must be operated closely enou
met during small UAS operations.

hould the remote PIC

Temporary VLOS
due to a dense
column of smoke,

Inspect the
farthest point of
the roof from
ground level

/

Fa
!
,’ Travel behind
’ «extend»;.' obstructions
l’ "’
~ A ’ -

~ A

¥ -
‘i -~ «extend»

Inflight Merged Use Case
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* Loss of VLOS due to presence of smoke and roof

iInspection
®* Loss of VLOS cross-source overlap
* Actors Battery life check

on controlleror
operational
awareness

Fa
!
,’ Travel behind
+ «extend» .-\ obstructions
r ‘-’
ra -

-
s -

A

Fire Operational Manual 1 Nl
‘if’«extend»

Maintain visual
observation of the
UAS while in flight

Visual Observer

Inflight Merged Use Case

&,
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e |Loss of VLOS due to travel behind obstruction

* Loss of VLOS cross-source overlap
* Actors

Fire Operational Manual 2
throughout the entire flight.

However, it is emphasized that even

Temporary VLOS
due to a dense
column of smoke,

Inspect the
farthest point of
the roof from
ground level

Battery life check

on controller or * R
operational S \ ’
\ ’
awareness agxtend» \ ;
~ \ s «extend» .~
«extend» ™ A ’ -
~ s -

A
~ ’ -
~ A -

’ -
‘i -~ «extend»
1
1

Maintain visual
observation of the
UAS while in flight

Visual Observer

Inflight Merged Use Case
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® Preflight Merged Use Case Model

® Use Case Model serves to accumulate

overlapping information

@M/\\
URk

&,
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ostflight Use Cases (Work in Progress)

|
|

i

(}
i

e}

Pre-Flight In-Flight Post-Flight @
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Post-Flight
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Use cases
can be further
expanded in
activity
diagrams

For operations over populated
areas, a defined incident
perimeter must be established
from which people must be
excluded to the extent possible
during UAS flight. The UAS
crew will work with the incident
commander to establish the

boundaries this peri

Conduct
operation
over people

Maintain a safe
distance from
people who are not
directly participating

No]

operation in

Select an
operational

Remain at least 25
feet away from

accordance location where individuals and
wnll'lhon: of there is no people vulnerable property.
e

established - -

t i *ParaZero SafeAir Mavic
cai“sggﬂes parachute system must be ;:;&%Aaﬂg&gﬂhb:n

1077 operational and comply

? 125 feet AGL over any

with the ASTM 3322-18
standard* (Waiver
1 )

non-particioant: * (Waiver

**Individual reported
with a LAC to back of
head after being hit in

[No] the head by a
*Do you helicopter drone™
have a (NEISSID 1 !
Part
107.39
Waiver?* **Individual reported
with a LAC from a

drone landing on
her arm™ (NEISS 1D
1

Operation Over People
Activity Diagram

"Pror 1o cperatons. tha resunsbie
‘anaric

ParaZero SaleAr Mavic parachite
T e e
::I:.munhvdm

ok
e R e

secil rumber nstaled an
o sUA s e In e

‘SalaAr Mac Product Safaty
& Compianca Document.

Pre-Flight

Parachute Requirements
Activity Diagram

System-Wide Safety
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Over People

 The activity diagram aggregates:

Activity Diagram -
- AC107-2A

Operating Over People

A remote pilot may operate a small unmanned
aircraft over a person who is directly participating in the operation of the small unmanned

aircraft. Direct participants include the remote pilot in command (PIC), another person

who may be manipulating the controls, a visual observer (VO), or crewmembers

necessary for the safety of the small unmanned aircraft operation. A direct participant

should be directly involved in the small unmanned aircraft flight operation. The remote
ilot assigns and briefs the direct participants in preparation for the operation.

L]
- for the duration of the operation. If the remote pilot selects a location

where people are present, the remote pilot should have a plan of action to ensure
human beings remain clear of the operating area. The remote pilot may be able to
direct people to remain indoors or remain under safe cover until the small unmanned
aircraft flight operation has ended. Safe cover is a structure or stationary vehicle that
protects a person from harm if the small unmanned aircraft impacts that structure or
vehicle.

+Maintaining a safe distance from people who are not directly partcipating n the

operation of the small unmanned aircraft.

System-Wide Safety
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Over People

 The activity diagram aggregates:
- AC107-2A
- OP Manual

Activity Diagram -
Operating Over People

Fire Operational Manual 2

The use of a “Reverse 911” system or public address system
may be used to aid in securing the area.

Fire Operational Manual 3

3. =
not under a covered structure, and not inside a covered stationary
vehicle.

{E -
&
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Over People

 The activity diagram aggregates:
- AC107-2A
- OP Manual
- Waivers

Activity Diagram -
Operating Over People

ENVIRONMENTAL PROVISIONS

29. During sUA operations over non-participants, the ParaZero SafeAir Mavic parachute system must be
operational and comply with the ASTM 3322-18 standard as described in the waiver application;

30. The sUA may not be operated lower than 63 feet over any non-participant;

31. sUAS operations over open air assemblies of persons is prohibited. Only transient operations over p;::ﬁ,?;oﬁ,ﬁ' mMu:tw:e “The sUA may nothbe
people are approved; Sperationsliand ot phy ?ggrgeef:ém;rtaan
with the ASTM 3322-18 " i
standard* (Waiver non-particinant: * (Waiver
32. sUAS operations over moving vehicles is prohibited, 1 ) i )

[Yes]

33. Operations conducted under this Waiver are limited to the sparsely populated area indicated in the
Waiver application.

System-Wide Safety
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Over People

 The activity diagram aggregates:
- AC107-2A
- OP Manual
- Waivers

Activity Diagram -
Operating Over People

11. Launch or recovery areas must be pre-designated and monitored to keep any human being who is not
directly participating in the operation out of the areas prior to, during, and immediately following flight
operations;

12. Geofencing must be used to confine the Operational Volume;

13. The sUA must be equipped with high visibility markings and/or lighting to increase the conspicuity of

: ; ; i ivi i i *ParaZero SafeAir Mavic
the sUA to 1 statute mile for daytime operations and 3 statute miles for civil twilight and night parachute et he “The seL(J’A may nothbe
operations, 0peraﬁon5aslsatngd comply operated at lower than
125 feet AGL over any

with the ASTM 3322-18

standard* (Waiver non-particinant: * (Waiver
1

14. The sUA may not be operated,; ) 1 )
lower than 125 feet AGL over any non-participant; [Yes]
above 300 feet AGL;

over moving vehicles;

when the wind exceeds 7 m/s (13.6 knots) or gusting 12 m/s (23.3 knots);

at a speed greater than 10m/s over open air assemblies of non-participants;

o a0 oe

System-Wide Safety
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_ Over People

 The activity diagram aggregates:

- AC107-2A
- OP Manual
- Walvers

Mitigation Categories & Subcategories

Part 107 Mitigations
Concepts

Limitations to Operational Area
C1. Area Limitation
and Monitoring

Monitoring Operational Area
Restricted Access to Operaticnal Area
File NOTAM

C2. Communication Communieation

FAA Provided with Information
FAA Management of Operations
Notifying FAA Centers of Authority

C3. FAA Knowledge
and Management

Flight Termination
C4. Failsafe
Measures

Failure Causing Interference
Fallure Notification
Other Failsafe Measures
Limited Number of sUA
Systems to Ensure Control
Physical sUA Limitations
Other Hardware Requirements

C5. Hardware and
Software

C6. Operation
Knowledge

Information Available During Operation
Participants Informed Prior to Operation

C7. Training and
Planning

Training and Testing for Participants
Operation Planning

Maintaining VLOS
Participant Visual Identification
Waypoint Confirmation

C8. Visibility

Operation at Night/Twilight

*ParaZero SafeAir Mavic
parachute system must be
operational and comply
with the ASTM 3322-18

standard* (Wah:er)
1

Activity Diagram -
Operating Over People

*The sUA may not be
operated at lower than
125 feet AGL over any

non-particinant: * (Waiver

1 )

Textual and N i i
. Notwork Analyis of ar 107 Wahers [Yes]
K8

DASC'24

Textual and Network Analysis
of Title 14 CFR Part 107
Waivers

System-Wide Safety
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 The activity diagram aggregates:
- AC107-2A
- OP Manual
- Waivers
- Hazards
1 05/02/2015

Activity Diagram -
Operating Over People

DX LAC SCALP 27YOF

PATIENT WITH LAC TO BACK OF HEAD & LT UPPER FH

*ParaZero SafeAir Mavic
parachute system must be
operational and comply
with the ASTM 3322-18

standard {Walver

*The sUA may not be
operated at lower than
125 feet AGL over any

n0n -particinant: * fWawe

SHE WAS HIT IN HEAD ACCIDENTALLY BY A
HELICOPTER DRONE FLOWN ANOTHER PERSON

1 08/26/2018

**Individual reported
- g S with a LAC to back of
o e head after being hit in
¢ —— B the head by a
" —_— — helicopter drone**
12 YOF C/O T s = ‘ (NEISS ID 1
_hgé = _: T - “Individual reported
FOREARM LACERATION S/P A R —— ;‘ wih a LAC fiom 2 | & ij
rone landing on
her arm** fNEISS »]
FREIND'S DRONE LANDED ON HER ARM WHILE THEY é“"at'o” 24
rounded Theory of UAS System-Wide safety
WERE BOATING DX LACERATION OF LEFT FOREARM Reported Accidents




Over People

« Hazards are included in the Activity Diagram -
diagram so we can see where Operating Over People
they occur

standard (Wahxer non -particinant: * (Wai Ne,

pa;'::ﬁ??sys:tf:rﬁ' mMu:twlfe “The sUA may not be
rational and comply operated at lower than
mmgASTM 3322-18 125 feet AGL over any

**Individual reported
with a LAC to back of
head after being hit in
the head by a
helicopter drone**
(NEISS ID 1

“Indnﬂdual reported
with a LAC from a
drone landing on
he a rm** fNEISS 1D

System -Wide Safety




For operations over populated
areas, a defined incident
perimeter must be established
from which people must be
excluded to the extent possible
during UAS flight. The UAS
crew will work with the incident

commander to establish the

boundaries this peri %(:)

Remain at least 25
feet away from
individuals and

Conduct
operation
over people

Maintain a safe
distance from
people who are not
directly participating

Select an
operational
location where

operation in
accordance

bl ==/ with one of there is no people vulnerable property.
: the 4
rit 4 . established . " -
< k_ 1 P O St - FI | g ht categories ParaZero SafeAir Mavic *“The sUA may not be
_ﬂ:ﬁi‘{ TR in Part parachute system must be operated at lower than
i g = 1077 operational and comply (4
. ? with the ASTM 3322-18 125 feet AGL over any

standard" (Waiver non-particioant: * (Waiver
1 )

“Individual reported
with a LAC to back of

head after being hit in
[No] the head by a
\ *Do you helicopter drone™
have a (NEISSID 1
\ Part
107.39
\ Waiver?* “Individual reported
\ with a LAC from a

drone landing on
her arm™ (NEISS 1D
1

Operation Over People
Activity Diagram

* Constructed N
Activity A
Diagrams can s
be used to N
Identify
Operational
Manual Gaps

"Pror 1o cperatons. tha resunsbie
‘anaric
ParaZaro SaleAr Mavic parachuie
o

secil rumber nstaled an
o sUA s e In e

‘SalaAr Mac Product Safaty
& Compianca Document.

ooy v sy
8 Gomplance Document must A
Pt )
s :
T e Wt sysiam mus be epacked

parkchut tytam whs opa
SR ot ran &

Parachute Requirements
Activity Diagram

System-Wide Safety
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Non-participating

Halt aperations if the
safety of human beings or
property threatened

For operations whera GPS'
signal is necessary, Pilot in
Command mus atety
recoveriand the sUA upon
degradation of GPS'

ff sUA command or control link is 108t
the SUA must follow a predetermined
route to reestablish link or immediat

Battery lite’
check on
controller or

operational
awareness

FIRE
DEPARTMENT
MANUAL

Inspect the
farthest point of
the roof from

ground level

o

sustained flight
over

vehicles

Maintain visual
observation of the
UAS whila in flight,

Manual
Evaluation

- N
Pre-Flight \

N s omarver
Pilotifl Comping hger

foral
t====={ aviation related
communications

" instant relaying of
information

Operational
Manual

If voice communication is lost
between the VO and the PIC, the
operation must cease until the
gcommunication issue is resoNed,

Coordinate and

between the Pilot in
‘Command and Incident
\ Ifcident Commander
Commander

ive way o all ather’

sufficient time when necessary

System-Wide Safety
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| Manual — New information added to the model

FIRE
DEPARTMENT
MANUAL

Battery life
check on
controller or
operational

Inspect the
farthest point of
the roof from
ground level

due to a dense

Travel behind
obstructions

The number of personnel assigned to the UAS operation affects the
ability to successfully complete the mission and the ability to comply
with the requirement to be able to see the unmanned aircraft
throughout the entire flight. The FAA recognizes that the person
maintaining visual line of sight (VLOS) of the air vehicle may lose sight
of the unmanned aircraft for brief moments of the operation. This may
be necessary either because the small unmanned aircraft momentarily
travels behind an obstruction or to allow the person maintaining VLOS
vLos to perform actions such as scanning the airspace or briefly looking

down at the UAS control station. However, it is emphasized that even
Pilot if COm though the RPIC may brietly lose sight of the unmanned aircraft, he or

she is responsible for the see-and-avoid provisions set out in Federal
Aviation Regulations (FAR) Part 107.

Visual Observer

ommunicate
with Pilot in
Command

Hover Mode

Return-to-
Home

UAS System

System-Wide Safety
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| Manual — Information that could be added to Manual

FIRE
DEPARTMENT
3;‘“;"!!5;9 MANUAL
Inspect the
controller or .
. farthest point of
operational A e oot rom
ground level
Temporary VLOS 1 s
due to a dense ! e
column of smoke/ } ' /" «extemas -
\ «<extepti»
«exterd» s 1 ¢
* ! e Travel behind
NG The number of personnel assigned to the UAS operation affects the

ability to successfully complete the mission and the ability to comply
with the requirement to be able to see the unmanned aircraft
throughout the entire flight. The FAA recognizes that the person
maintaining visual line of sight (VLOS) of the air vehicle may lose sight
of the unmanned aircraft for brief moments of the operation. This may
be necessary either because the small unmanned aircraft momentarily
travels behind an obstruction or to allow the person maintaining VLOS
to perform actions such as scanning the airspace or briefly looking

\ down at the UAS control station. However, it is emphasized that even
Pilot i Com g though the RPIC may briefly lose sight of the unmanned aircraft, he or
she is responsible for the see-and-avoid provisions set out in Federal
Aviation Regulations (FAR) Part 107.
m\

ommunicate
with Pilot in
Command

Visual Observer .

Restablish
VLOS

UAS Sys Return-to-
Home

System-Wide Safety
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nual — Document Traceability

We preserved the source data references to serve as context for the

chatbot model

Battery life
check on Inspect the
controller or _
operational farthest point of
awareness ’ the roof from
e ground level

Travel behind

) I
' I A 0
AN : ,/ «extend»
I
I
I
obstructions

\ 4

We o o-----
_«extend»
Brief loss of

Name
Inspect the farthest point of the roof from ground level

Abstract

Note

[fire-sop-city_ , p.17]

Internals of focused item

Presentation:
class: gaphor.UML.diagramitems.UseCaselt

id: 4123936¢c-9646-11ef-838a-6254babcdd39

Model Element:
gname: Inflight.Merged UC.Inspect the fa

&,
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Chatbot (Work in Progress)

Matching ASRS Results

Text Query: How can | fly a UAS Mission for Structured Fire safely?
Model: Word2Vec + Llama

Based on the given context and ACNSs, | can provide the following answer to your question on how
to fly a UAS (Unmanned Aircraft System) mission for a structured fire safely. From ACN 359890, it

Scitech’25
Kaona: Deep Searching and Curating Data - -
from Aviation Safety Reporting Systems System-Wide Safety




B 0

Hurricane Recovery
Example

An example using our methodology on a hurricane scenario




—— | 20:47 [..]

21:03 [...] you had multiple drones and we had beyond visual
— A . | lightof sight[...]

Flying Flying
Beyond multiple
VLOS sUA

System-Wide Safety
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4 N\~ 21:28 [...] one drone would fly with LIDAR [...]

21:42 [...] another would perform property damage assessment [...]

—
- - N\ 21:52 [...] and another for road assessment [...]
Property
Damage
Assessment
Flying Flying
Beyond multiple — fg.t
VLOS sUA

System-Wide Safety
31
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4 Y | 22:12]...] the data could be passed to ESF [...] and then to logistics [...]

— N
A \
\
Property
Damage
Assessment
i iy ®
VLOS sUA to ESF to Logistics
System-WIde Safety

Road
Assessment



B 0

Hurricane Recovery
Example

An example using our methodology on a hurricane scenario




Provisions — Beyond VLOS and Multiple sUAS

LIST OF WAIVED REGULATIONS BY SECTION AND TITLE
14 CFR § 107.31—Visual line of sight aircraft operation

Visual Line of Sight Operations Special Provisions The remote PIC may conduct sUAS operations without
the ability to see the unmanned aircraft throughout the entire flight, provided:

14. The remote PIC must ensure:

a.  Prior to conducting operations under this Waiver, the RPIC must perform a documented site survey
to:

1) Identify flight operational area obstacles and boundaries so as to avoid collision with,
or damage to property;

2) Validate C2 signal strength is sufficient for control through the entire route;

3) Validate suitable launch/recovery site(s); and

4) Complete and document a Flight Risk Assessment;

b.  Routes are preplanned (using waypoints) prior to flight and aircraft are programmed to
automatically follow the route. Manual flights are allowed as necessary;

c.  Geofencing is used to confine the Operational Volume. (defined as the property lines of the assets
or perimeter boundaries of the controlled access area or right of way specified in the Waiver
application + maximum allowed altitude);

d. Return to Home/Return to Land feature must not allow the sUA to deviate from the defined
operational volume;

Textual and Network Analysis of Part 107 Waivers
Enn sorsan Catca Pt ety Dwven G

DASC'24

Textual and Network Analysis
of Title 14 CFR Part 107
Waivers

Programmed
to follow
preplanned

Limited to 4 sUA
equipped with
redundant control
and transmission

Multiple
UAS

LIST OF WAIVED REGULATIONS BY SECTION AND TITLE

14 CFR § 107.35—O0peration of multiple small d aircraft sy
Operation of Multiple sUAS Special Provisions sUAS operations with multiple sUA may be conducted,
provided:

12. The remote PIC must ensure that an individual system failure must not interfere with the operation of
any other sUA or cause incidents, accidents, or loss of control involving any other sUA that are subject
to this Waiver;

13. The remote PIC may conduct operations of up to 4 sUA, equipped with redundant flight control and
transmission systems, and must ensure adequate simultaneous control of the sUA so they remain inside
the area of operation, as described in the waiver application;

14. Communication between the remote PIC and VO must allow for the remote PIC to light the sUA and/or
ground the sUA with sufficient time to yield right-of-way in accordance with §107.37 as described in
the waiver application;

Property
Damage
Assessment

Data Pass
to ESF

Data Pass O
to Logistics

Road
Assessment

&
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ost Signal

Your search returned 0 ACNs

Search Criteria:
Text contains (BVLOS UAS)

Results Online (in HTML)
» View all reports( 50 per page )
» View only the 0 most recent reports
» View a list of ACNs

Export Results
] Excel File
[il comma Separated File(CSV)
Word File

Export Search Criteria
W Text File

Modify Search
» Go back and edit current search

» Start new search

Display your results:

Matching ASRS Results

ASRS Report Number.Accession Number: 1840720
Aircraft Operatol

Aftitude.AGL.Single Value

Configuration (UAS): M 1 Contributing Factors / Situations: Software and Automatio

Control Mode (UAS) ontrol Crew Size: 2
Detector: Pe! Experienc
Flight
Flight Condition: ] Flight Operated As (UAS): £
Flight Operated with Visual Observer (UAS): Y Flight Phase: Cr(
Flying In / Near / Over (UA!
Human Factors:
Local Time Of D:
Locale Referenc To Location Of Pers:
Make Model Name: ydio 2 Mission: Test Fl
Number of UAS Being Controlled (UAS): Number of UA!
/ Exemptions / Authorizations (UAS): Y

Result: Aircraft Lost L

State Reference: US

Waivers / Exemptions / Authorizations (UAS): 1 Weather Elements / Visibility: 10
Weight Category (UAS): Small When Detected: In-flight
Callback: Reporter stated this was a test flight to find limitations of Skydio 2 flying BVLOS underneath a bridge.

Anomaly: Aircraft Equipment Problem Critical; Deviation / Discrepancy - Procedural Published Material / Policy

Narrative 1: 2 Pilots were inspecting their third bridge under a BVLOS waiver from [Goverment agency] when the drone had lost its signal/connection. Eventually during the return to home phase
connection was regained. Most likely due to bridge obstruction interference.

Scitech’25

Kaona: Deep Searching and Curating Data
from Aviation Safety Reporting Systems

Narrative 1: 2 Pilots were inspecting their third bridge under a BVLOS waiver from [Goverment agency] when the drone had lost its signal/connection. Eventually during the return to home phase

connection was regained. Most likely due to bridge obstruction interference.

Programmed
to follow
preplanned
routes

Initiate
Return-to-

Property
Damage
Assessment

(" Limited to 4 SUA
equipped with
redundant control

Multiple
UAS

\_and transmission

. lYes]
Is the signal

maintained?

Road
Assessment

Data Pass
to ESF

Data Pass
to Logistics

System-Wide Safety
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Appendix B: Contingency Plan Checklist

Event ’ Result ’ Procedure
Battery depletes | Unmanned aerial system (UAS UAS return to base (RTB) as soon as
incapable of continuing flight practical; cease data collection.
operations.
Ditch UAS incapable of continuing flight Identify safe landing area; attempt a
Procedures operations. controlled landing; if able, land UAS in water
(shallow preferred for ease of recovery) away
from public.
Fuel Depletes UAS incapable of continuing flight UAS RTB as soon as practical; cease data
operations. collection.
Hazardous UAS incapable of continuing flight UAS RTB as soon as practical; cease data
Weather operations. collection.
Hostile Mission impacted by hazard (for See and avoid; take evasive action as
Environment example, air traffic, public activity). required with safety taking precedence; UAS
RTB as soon as practical.
Loss of Mission impacted by lack of Maintain visual line of sight (VLOS); take
Communications | communications hazard. evasive action as required with safety taking
precedence; UAS RTB as soon as practical.

- UAS not controllable. [Maintain VLOS]

Property
Damage
Assessment

Programmed Limited to 4 sUA
to follow equipped with Data Pass Data Pass O
preplanned redundant control [Yes] to ESF to Logistics
routes . and transmission Is the signal
Multiple maintained?
UAS

System-Wide Safety
36
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d Return-to-Home/Base (RTH/RTB)

Appendix B: Contingency Plan Checklist

Event ’ Result ’ Procedure
Battery depletes | Unmanned aerial system (UAS UAS return to base (RTB) as soon as
incapable of continuing flight practical; cease data collection.
operations.
Ditch UAS incapable of continuing flight Identify safe landing area; attempt a
Procedures operations. controlled landing; if able, land UAS in water
(shallow preferred for ease of recovery) away
from public.
Fuel Depletes UAS incapable of continuing flight UAS RTB as soon as practical; cease data
operations. collection.
Hazardous UAS incapable of continuing flight UAS RTB as soon as practical; cease data
Weather operations. collection.
Hostile Mission impacted by hazard (for See and avoid; take evasive action as
Environment example, air traffic, public activity). required with safety taking precedence; UAS
RTB as soon as practical.
Loss of Mission impacted by lack of Maintain visual line of sight (VLOS); take
Communications | communications hazard. evasive action as required with safety taking

UAS not controllable.

precedence; UAS RTB as soon as practical.

Does not apply

Programmed
to follow
preplanned
routes

Multiple
UAS

Property
Damage
Assessment
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equipped with

redundant control
and transmission
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and Return-to-Home/Base (RTH/RTB)

[/ R43: he was not sure what happened to the controls.

| he said the drone had an obstacle avoid feature and he
thinks that may have caused him to lose control.

/ R49; uncommanded fly away into building destroying
uas and damaged win

/ R53: about five (5) minutes into the second flight, the
aircraft lost command link and initiated a pre-planned

Appendix B: Contingency Plan Checklist e e o
/ Res: ;hz phantom drone ascended to approximately 25
\ Combined it max height reachad 1 orone
Event | Result | Procedure \ Drone Takeover | iﬂ?'f:%’l:ﬁ‘!.':.’ﬂm"f“.ﬂ:};ﬁ" -%:"gf?;{?::;h:
Battery depletes | Unmanned aerial system (UAS UAS return to base (RTB) as soon as o 4 drona rorwalably Wioked ke AV| at| On’ 24
incapable of continuing flight practical; cease data collection. (o Eorrol over i movamAnts,
operations. Thematic Synthesis v Grounded Theory of UAS
Ditch UAS incapable of continuing flight Identify safe landing area; attempt a Reported Accidents
Procedures operations. controlled landing; if able, land UAS in water (Grounded Theory) P
(shallow preferred for ease of recovery) away R3: when the UAS lost link to the controller and
i) o activated a return to home sequence ~
- q . ~
Fuel Depletes UAS incapable of continuing flight UAS RTB as soon as practical; cease data - . ~
operations. collection. _ -~ R7: The takeoff was approximately 35 seconds after ~
Hazardous UAS incapable of continuing flight UAS RTB as soon as practical; cease data -~ ~ ~
Weather operations. collection. - -~ ~ ~
Hostile Mission impacted by hazard (for See and avoid; take evasive action as P ~
Environment example, air traffic, public activity). required with safety taking precedence; UAS - ~
RTB as soon as practical. -~ ~
- 3 GLO3 2021115022639  7/28/2022 12:00:00 AM 1 CHICAGO, IL ~
Loss of Mission impacted by lack of Maintain visual line of sight (VLOS); take Remarks: FSDO INCIDENT NUMBER IS: IGL0320220022 ATQA ACCIDENT NUMBWACTNM NUMBER(S) ASSOCIATED WITH THE EVENT T-GLO3-FY22-0240 AIRCRAFT: DJI MATRICE
icati siag ; F : : : 300 RTK FA3N7T77RM S/N 1ZNDH9GO00C1FH6 WHEN: 11/15/2021 2118Z WHERE: * INJURIES: NONE DAMAGE FROM EVENT: MAJOR AIRCRAFT DAMAGE POST EVENT FIRE OR
Communications | communications hazard. evasive action as required with safety taking Rl b s TTT0 BALIERY A E T N PAE = : : L
precedence; UAS RTB as soon as practical. 7 CONTROLLER AND ACTIVATED A RETURN TO HOME S ‘ E
UAS not controllable.

Programmed
to follow
preplanned

routes .
Multiple

UAS

Maintain VLOS;

Sg;&l‘gczme Additional
UAS spun out of Hazard Context
control and

impacted a window

Property
Damage
Assessment

(" Limited to 4 SUA
equipped with

redundant control

\_and transmission

[Yes] to ESF to Logistics
Is the signal
maintained?
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al and Return-to-Home/Base (RTH/RTB)

LIST OF WAIVED REGULATIONS BY SECTION AND TITLE " ::1 he was not sure what happened to the controls.
. . N . . said the drone had an obstacle avoid feature and he
14 CFR § 107.31—Visual line of sight aircraft operation thinks that may have caused him to lose control.
| R49: uncommanded fly away into building destroying
uas and damaged window.

Visual Line of Sight Operations Special Provisions The remote PIC may conduct sUAS operations without  s2cabous o ) ey o he second Wt the
the ability to see the unmanned aircraft throughout the entire flight, provided: | T to-hofle prockdirs, while i o e i
14. The remote PIC must ensure: ‘ 5 e et iy
a. Prior to conducting operations under this Waiver, the RPIC must perform a documented site survey e o s s i i o g e
to: Coninged v aseend and aporosmatey 15 seconds T ,
1) Identify flight operational area obstacles and boundaries so as to avoid collision with, \ :{:"‘;"E";,;'T,:%me‘:“p:"‘“ s AV|at|On 24
or damage to property; . .
2) Validate C2 signal strength is sufficient for control through the entire route; Thematic Synthesis Grounded Th?OI’y of UAS
3) Validate suitable launch/recovery site(s); and (Grounded Theory) y 4 Reported Accidents
4)  Complete and document a Flight Risk Assessment; R3: when the UAS lost link to the controller and
b. Routes are preplanned (using waypoints) prior to flight and aircraft are programmed to activated a return to home sequence ~
automatically follow the route. Manual flights are allowed as necessary; A -~ : ~
c. Geofencing is used to confine the Operational Volume. (defined as the property lines of the assets ~ [ R7: The takeoff was approximately 35 seconds after ~ ~
or perimeter boundaries of the controlled access area or right of way specified in the Waiver -~ ~
application + maximum allowed altitude); P ~ o
d.  Return to Home/Return to Land feature must not allow the sUA to deviate from the defined - ~
operational volume; - ~
- ~
- ~
s’ 3 GLO3 2021115022639 7/28/2022 12:00:00 AM I 0 CHICAGO, IL
Remarks: FSDO INCIDENT NUMBER IS: IGL0320220022 ATQA ACCIDENT NUMBWACTNM NUMBER(S) ASSOCIATED WITH THE EVENT T-GL03-FY22-0240 AIRCRAFT: DJI MATRICE
300 RTK FA3N7T77RM S/N 1ZNDHIGOOC1FHE WHEN: 11/15/2021 2118Z WHERE: * INJURIES: NONE DAMAGE FROM EVENT: MAJOR AIRCRAFT DAMAGE POST EVENT FIRE OR

DAMAGE: FIRE RESULTED FROM LITHIUM BATTERY IMPACT ON PAVEM
T}'E CONTRG.LER AND ACTNATED A RETURN TO HOME S

— During RTH -
Initiate Sequence, the Use geofencing RTH must not allow
4o ! to coninfe the UAS to deviate
Return-to UAS ggml'l c:::jt of operational from defined
conmofia volume operational volume

impacted a window

Property
Damage
Assessment

] 2

(" Limited to 4 sUA

Programmed
to follow equipped with Data Pass Data Pass O
preplanned redundant control [Yes] to ESF to Logistics
routes . \_and transmission Is the signal
Multiple maintained?
UAS System-Wide Safety
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The three-year partnership aims to:

1. gather safety metrics to identify patterns and

common risks, along with proposed solutions to
prevent or lessen the impact of the hazards.
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