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» Wildfires are becoming more frequent,
complex, and destructive, resulting in
Increases of aerial operations|1]

» Aerial wildfire operations accounted
for 60% of firefighter deaths in 2020

» There is very limited research|2]
analyzing aerial wildfire mishap reports
IN comparison to Aviation Safety
Reporting System (ASRS) research
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» How can we use machine learning to systematically
leverage mishap reports to produce meaningful, safety-
relevant, risk-informed analysis?
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Contribution

» Hazard Extraction and Analysis of Trends (HEAT)
framework for machine learning enabled quantitative risk
assessment

» Apply HEAT to aerial wildfire mishap reports to get a risk
assessment
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SAFECOM Data Set

» Aviation Safety Communigue (SAFECOM) is a system for
reporting aerial hazards, mishaps, and near misses|3][4]

Welcome to SAFECOM
Aviation Safety Communiqué

The Department of the Interior (DOI) and the U.S. Forest Service (USFS) aviation safety reporting system.

Search by Tracking Number Submit SAFECOM

" " Or edit one of your in-progress
e.g., "19-0587 ¥
‘ g ‘ Search & Get Started SAFECOMS 55

Or use our advanced search >>
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SAFECOM Data Set

SAFECOM ID Mishap Description Mishap Category
Type Model Type

Ao EL GO Beech-craft  Fire, Lead 20-1145 The radio frequencies of two aircraft were ~ Communications
BE20 plane too close, resulting in static and noise
when monitoring both. This resulted in a
degradation of situational awareness.

=1l T DouglasDC Fire, 20-1313 A Tanker was leaking retardant during Mission Equipment
-10 Retardant take-off. The leak was due to built up
Drop residue on the tank and floats preventing a
proper seal.
HEST I Bell UH/1H ~ Fire, Water 20-1258 In route to a water drop, a helicopter pilot Dropped Load
Drop felt a “dragging feeling” prior to seeing the (Mechanical)

snorkel fall off the aircraft. Mechanic
determined the snorkel hose detached
from the coupling and found some damage
to the electric pump wiring.

6 @AMA‘%

AMERICAN INSTITUTE OF AERONAUTICS AND ASTRONAUTICS | AIAA.ORG SHAPING THE FUTURE OF AEROSPACE




Method Overview: HEAT

Hazard Extraction and Analysis of Trends (HEAT)

Hazard Extraction Analysis of Trends
Primary Analysis | Graphic Analysis |Secondary Analysis
== |~ N
SAFECOM - Calculate Hazard _ Chi-Squared:
Metrics: m Pie Charts: is there a gfference in

Region, aircraft type, hazard frequency

' . Corrective | Frequency, Rate, Severity
Narrative

: \
. /Acnon J /Calculatve Metric )
Preprocessing A , Time Series: ANOVA:
verages: ™ . is there a difference in
Y . Total average across years, Rate, Severity severity?
TOpiC Modeling \_ Average peryear
Y

-~

Hazard Interpretation f

ompile Table:
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Hazard Extraction

» LDA Topic Modeling:

» For each document,d € {1,2,3, ... D},
there exists a distribution of topics:
0, € dir(a)

» For each topic, k € {1,2,3, ...,K},
there exists a distribution of words:

Dy € dir(p)
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Primary Analysis

» Metrics: frequency, severity, rate

Severity = P x (I + D)

_ | 1if injuries = True 1if damages = True
~ |0if injuries = False’ =~ |0 if damages = False

P = # of Passegers
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Hazard Extraction: Results

Cateqgor Subcateqor
227

Intrusion Intrusion 0.016 0.000 1.000
Communications Radio Malfunction 21 0.001 0.238 0.933
- Communications Jumper  Operations 57 0.004 3561 0.800
Hazards ' ' '
- Communications Helitorch Operations 35 0.002 0171 0.800
Failure ' ' '
- Other Cargo e 459 0.032 0.229 0.800
Failure ' ' '
_ Pilot Action Bucket Drop Failure 1063 0073 0.464 0.733
_ Weather Severe Weather 158 0.011 0.848 0.800
Engine Tanker Loading 84 0.006 0.214 0.733
Failure ' ' '
- Hydraulic Hydraulic Fluid Leak 058 0.018 0147 0.933
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Analysis of Trends

» Graphic Analysis
» Pie charts: how does hazard frequency vary across predictors?
» Time series: how do hazard metrics change over time?

» Secondary Analysis

» Statistics: Does hazard frequency vary significantly across

predictors? Does hazard severity vary significantly between
hazards?

» Risk Matrix: what is the quantitative risk for each hazard?
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Analysis of Trends: Graphic Analysis

I Region 01 Northern Rockies Region
B Region 02 Rocky Mountain Region
Region 03 Southwest Region

Region 04 Intermountain Region

Region 05 Pacific Southwest Region

Region 06 Pacific Northwest Region

Region 08 Southern Area Region
B Region 09 Eastern Area Region
EE Region 10 Alaska Region

Hydraulic Fluid Leak per Region
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Intrusion per Region
19.6%
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Jumper Operations Hazards per Region
20r 7.3%
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27.5%
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Cargo Letdown Failure per Region
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Bucket Drop Failure per Region
10.2% 90%
14.4%

24.5%

21.6%

Tanker Loading Failure per Region

27.5% 7.5%
38%
7.5%
15.0%
10.0%
18.8%

Severe Weather per Region
17.2%
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Analysis of Trends: Graphic Analysis
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Likelihood

Analysis of Trends: Secondary Analysis

Frequent

Probable

Remote

Extremely Remote

Extremely Improbable

Intrusion

Risk Matrix

Bucket
Drop Failure, Cargo
Letdown Failure

Hydraulic
Fluid Leak, Tanker Severe
Loading Failure, Weather
Operations Failure

Radio
Malfunction

Severity
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Jumper
Operations Hazards
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Conclusion and Future Work

» Presented a framework for » Future work:
machine learning enabled > How does this generalize to other
guantitative risk assessment data sets?
using hazard extraction and » What additional analyses can we
analysis of trends (HEAT) perform on this data?

» How can we combine this data with

_ _ external data sources (i.e., weather
» Applied this to SAFECOM data)?

wildfire aviation mishaps to
generate risk assessment
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Contact Information

» Emails: » Additional Resources:
» Sequoia.r.Andrade@nasa.gov » Robust Software Engineering:
» Sequoiaandrade @gmail.com https://ti.arc.nasa.gov/tech/rse/

> hannah.s.walsh@nasa.qov
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