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System-Wide Safety

"y .ﬁ‘

: .‘lgltal-Tq-ansformatlon —> InfoCentrlc Alrspace

»a

:
x o

’-
i

g"v‘“ . - e ’.o

rs AAM = New vehlcle'types and new operatlons 5

bler

Automation and Autonomy — Improve eX|st|ng
-and enable new, scalable aV|at|on missions

-

?.Al‘\ A

A/1/28




2, Transformed Airspace
SSSSS A Complex Challenge
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More Operations = Increased risk potential
New Missions = Increased Integration Complexity
Sustainability = New Constraints

.~ Digital Transformation — Changes to Existing Systems
g and Integration of New Systems is a Known Challenge
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Automation and Autonomy— Means of Assuring
Automated/Autonomous Systems Needed
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System-Wide Safety
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&y  system-Wide Safety Project Goals (@

System-Wide Safety

To explore, discover, and understand the impact
on safety of growing complexity infroduced by
modernization aimed at improving the efficiency of
flight, the access to airspace, and/or the
expansion of services provided by air vehicles.

To develop and demonstrate innovative solutions
that enable this modernization and the aviation
transformation envisioned for the global airspace

S-curves

& oolicd . _Collaborative
B ot S — system through proactive mitigation of risks in
e, e e @ccordance with target levels of safety.
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&  Achieving Aviation Safety Today W

International Civil Aviation Organization, "Safety Management, Standards and
Recommended Practices - Annex 19," in Convention on International Civil
Aviation, 2" Edition, 2016
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& Safety Management & Safety Intelligence

System-Wide Safety
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Responds to events that have
already happened, such as
incidents and accidents
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Actively seeks the
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conditions through the
analysis of the
organization’s processes
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identify potential/future
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& National Academies — IASMS

System-Wide Safety

Outlines need for evolution of the existing
Safety Management System

In-Time Aviation Safety Management
System (IASMS)

Identifies 4 Fundamental System
Element Development Areas:

1. Concept of Operations and Risk
Prioritization

2. System Monitoring
3. System Analytics

4. Mitigation and Implementation
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This PDF is available at http:/inap.edu/24962 SHARE 0
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IN-TIMEAATION SATETY MAMGEN tAT
S L

FIND RELATED TITLES

In-Time Aviation Safety Management: Challenges and Research
for an Evolving Aviation System (2018)

DETAILS

84 pages | 8.5 x 11| PAPERBACK
ISBN 878-0-308-46880-0 | DOI 10.17226/24962

CONTRIBUTORS

Aviation Safety Assurance Committee; Aeronautics and Space Engineering Board;
Division on Engineering and Physical Sciences; National Academies of Sciences,
Engineering, and Medicine

SUGGESTED CITATION

National Academies of Sciences, Engineering, and Medicine 2018. In-Time
Aviation Safety Management: Challenges and Research for an Evolving Aviation
System. Washington, DC: The National Academies Press.
https://doi.org/10.17226/24962.
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&y Safety Management System Evolution

System-Wide Safety
Safety Management System S ——————
R ommeddP t gAnnex19, nCy ven grneIt IC il
Aviation, 2nd Edt n, 2016
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r= Safety Policy Management Assurance Promotion
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£ Can you improve safety management by developing
& new Services, Functions, and Capabilities (SFCs)
s - that dramatically increase responsiveness (“In-Time”)?
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Ref: National Academies, In-Time Aviation Safety Management: Challenges and Research for an Evolving Aviation System, 2018. 11




@ How We Achieve Aviation Safety Tomorrow @

Safety Management System

International Civil Aviation Organization, "Safety Management, Standards and
Recommended Practices - Annex 19," in Convention on International Civil
Aviation, 24 Edition, 2016
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Quickly manage known operational risks at scale
Quickly identify unknown risks
Quickly inform design 12
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System-Wide Safety

Operational Needs

Increasingly In-Time Safety Assurance

‘ Improve in-time safety Improve scalability Improve accessibility Increase participation

Transformation Goals ‘ In-time Safety Assurance Tailored Safety Interoperability
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System-Wide Safety

Distributed Digital Systems Architecture @
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& SFC Assurance of Functionality

System-Wide Safety

Assure Design

» Assurance requirements are specific to flight rules, operation complexity

and risk criticality Building Confidence

* SFCs must be assured to an appropriate level via an acceptable process

SFCs that
Manage Operational Risks:

[ ] % 5 3
DESIGN OPERATIONS Must mitigate risks with an
o ) acceptable level of certainty
L o
SAFETY \ FUNCTIONAL
REOUIRFMFNTS REQUIREMENTS

Aircraft System Development Processes

SYSTEM and hazards in the system
| Development of /\ Ly
Hazard Analysis l OPERATIONAL S F CS t ha t
Preliminary System

SFCs that

OPERATIONAL Identify Unknown Risks:
REQUIREMENTS r K ’
Must correctly identify unknown anomalies

FUNCTIONAL

N Inform System Designs:

REQUIREMENTS | J)  REQUIREMENTS Y Must correctly assess performance and
ALLOCATED TO / ALLOCATEDTO Aircraft in Operation deficiencies of the existing design
HARDWARE SOFTWARE (ARP 5150/5151)
Hardware Design Life Information Software Design Life N
Exchange
Cycle Process =) Cycle Process

(DO 254) (DO 178)
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&% Design Safety vs. Operationa
DESIGN | OPERATIONS

SAFETY FUNCTIONAL
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OPERATIONAL
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OPERATIONAL
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ALLOCATED TO / \ ALLOCATED TO Operation
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Hardware Design Life Exchange Software Design Life

Cycle Process — Cycle Process
(DO 254) (DO 178)
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& Design Safety vs. Ope

System-Wide Safety
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System-Wide Safety
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&5 Two Research & Development Threads

High Altitude Space
Long Endurance Launch * LargeUAS

Traditional Aviation AAM
JASMS b IASMS

Modernization of 5] Y SMS Capability and Process
Existing SMS Processesiand oA oo Development for
Capabilities o CAFAA Emerging Operations
S S - . TR e R N
GAP: Effective safety strategies " & .= GAP: Effective safety strategies
and technologies to predict and 5 i 1 o3 and technologies for AAM
mitigate safety threats in-time ~ “-.. % Lo operations that are acceptable
to prevent accidents in an i . 2 to regulators S—
increasingly complex airspace e X g 3 : —
W
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In-Time Aviation Safety Management Systems

Needs

In-Time Safety Risk Mitigation

Proactive -> Predictive Safety

Management Systems

Adopt ML/AI for predictive
analysis and advanced data
mining

Build'upon existing IT
architectures for increased
access to data and tools

Improve system agility and
responsiveness

System
Description
(Analysis)

Hazard
Identification

Risk
Analysis

Risk
Assessment

Risk
Control

Assure

System
Monitoring

Data
Acquisition

Analysis of
Data

System
Assessment

Corrective
Action

Description
and
Context

Specific
Information

Assessment

Action:
Problem
Resolution

\Vienitor

Assess

Vitigate
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R&D Required:

= \ew Safety Databases
= Non-traditional data

= Data'Fusion w/existing
services

= Required vs. Voluntary Data
= Synthetic Data Generation

= VIL/Al Anomaly Detection

= Predictive Risk Assessment

= [Vlulti-Risk Safety Prognostics
" |ntegrated Risk Assessments
" Digital Twin Assessments

" Data Exchange Architecture

= Digital Information Service
Integration

= Pre-Flight Mitigation

®= |n-Flight Mitigation

= Post-Flight Mitigation

= Re-Design Consideration

Figure from FAA AC No: 120-92B, Safety Management Systems for Aviation Service Providers
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System-Wide Safety
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Dr. Kyle Ellis
NASA

Dr. Kyle Ellis is an aerospace research engineer at NASA Langley Research Center and currently
manages research supporting NASA's Aeronautics Research Mission Directorate as the deputy project
manager for the System-Wide Safety Project under the Airspace Operations and Safety Program.

Kyle currently leads a team charged with developing a vision and Concept of Operations for In-Time
Aviation Safety Management Systems (IASMS). The concept of an IASMS is envisioned to be an
evolution of SMS, designed to safely integrate emerging aviation markets with those already in place
and is being developed and demonstrated by leveraging strategic partnerships across industry,
academia, and government. His work identifies, matures, and integrates methods and technologies in
the areas of increasingly automated and autonomous systems, verification and validation methods
for certification, and future-gen aircraft and airspace management concepts to transform the global
aviation industry.

Kyle currently serves on multiple committees and working groups related to safety, technology, and
policy for the aviation industry including the International Forum of Aviation Research (IFAR), the
CAST Joint Implementation Measurement Data Analysis Team (JIMDAT), the Flight Safety Foundation
Autonomous and Remotely Piloted Aviation Capabilities (ARPAC) safety working group, the AIAA
Human-Machine Teaming Technical Committee and the ICAO Safety Management Panel as a
technical advisor.




