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Motivation: New Operational Systems 
Envisioned

from: Joint Planning and Development Office, Concept of Operations for the Next Generation Air 
Transportation System, Version 3.0, October 2009
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Safety 
approval

Safety Assessment and Approval of New 
Operational Systems

Safety assessment required before approval and implementation of most 
new operational systems in air transportation

Decisions made in safety assessment significantly influence cost and 
performance of new operational systems

Research conducted to understand expected challenges in safety 
assessment of new operational systems
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Systems-Level Safety Assessment 
Approaches

Risk Matrix

Target Level of Safety

Reference System

Risk ranking defined by severity and 
likelihood of each hazard in an operational 
system

Risk threshold defined for a single hazard 
decomposed from an overall accident rate 
target

Performance of reference system 
characterized by several factors, which 
are required in the proposed system
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Instrument Landing System, ILS (1961): Glideslope guidance 
to aircraft landing in poor visibility

North Atlantic Organized Track System, NAT OTS (1966-1981): 
Air traffic routes with aircraft separated by self-reported 
position

Traffic Alert & Collision Avoidance System, TCAS (1993): 
Onboard avionics displaying surrounding traffic and providing 
midair collision avoidance

Precision Runway Monitor, PRM (1981): High update rate radar 
used to separate aircraft on closely-spaced approaches

European Reduced Vertical Separation Minima, EUR RVSM 
(2002): Reduction in vertical separation from 3,000 to 1,000 ft 
enabled by improved altimetry precsion

Automatic Dependent Surveillance, Broadcast, ADS-B 
(pending): Broadcast of aircraft-derived position & other 
states for multiple applications

Unmanned Aircraft Systems, UAS (pending): Aircraft without 
onboard flight crew
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No Case Implemented Assessment 
Approach

1 Instrument Landing Systems (ILS) 1961 TLS

2 North Atlantic Organized Track System 
(NAT OTS)

1966-1981 TLS

3 Traffic Alert and Collision Avoidance 
System (TCAS)

1993 TLS (Risk Ratio)

4 Precision Runway Monitor (PRM) 1997 TLS

5 Automatic Dependent Surveillance, 
Broadcast (ADS-B) Alaska Capstone

1999 Risk Matrix

6 EUR Reduced Vertical Separation 
Minima (RVSM)

2002 Risk Matrix
TLS

7
Automatic Dependent Surveillance, 
Broadcast (ADS-B) System-Wide 
Deployment

(pending)
Risk Matrix

TLS
Reference System

8 Unmanned Aircraft Systems (UAS) (pending)
Risk Matrix

TLS
Reference System

Implemented 
Changes

Pending 
Changes

Three
Assessment 
Approaches
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EUR RVSM Risk Budget Limiting Scope 
of Analysis

Vertical 
Dimension

1 x 10-7

Technical Height-
Keeping Perf.

2.5 x 10-9

(all other 
performance)

2.5 x 10-9

Lateral 
Dimension

Longitudinal 
Dimension

En-route 
Accident

Fatal 
Accidents

Other 
Phases

RVSM TLS

1.5 x 10-8 Midair 
Collision

4 x 10-8

Other 
Accidents

5 x 10-8

1/3 to each dimension

equal division

all risk values are events / flight hour
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Year

1970 1980 1990 2000 200519951985197519651960

ILS
-Approach phase
-Aircraft/ground 
equipment

NAT (1968,1971)
-Enroute phase
-Navigation 
Precision

NAT (1981)
-Enroute phase
-Certified 
Navigation 
Precision
-ATC Op Errors

TCAS (v6)
-Enroute NMAC
-Collision avoidance/ 
alerting logic
-Interaction with 
multiple aircraft

RVSM
-Enroute phase
-ATC, Pilot, 
Procedures
-Interaction with 
TCAS

TCAS (v7)
-Enroute NMAC
-Collision avoidance/ 
alerting logic
-Interaction with 
multiple aircraft
-ATC Control 
characteristics

PRM(1981)
-Approach 
phase
-Worst case 
blunder/ 1 
hazard

???

UAS
-All phases
-Fundamentally 
new capability
-Detect, Sense, 
and Avoid
-Command and 
control
-Interaction with 
other aircraft

ADS-B
-All phases
-Multiple 
applications
--Interaction with 
other aircraft
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Increasing Safety Performance Demands 
from TLS in Reviewed Cases
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Factors Driving Increased Scope of 
Safety Assessment

High safety performance demands
Increased evaluation of more hazards
Increased fidelity of models and use of data

Increased scale of changes
Large number of conditions evaluated

Fundamentally new types of operation
Reduced similarity to current safety experience

Interactions between systems
Legacy system performance limiting acceptable operations
Coupling in interaction between systems in failure conditions
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Analysis of NextGen Operational 
Improvement Approval Risk

Code Definition & Basis

No operational approval required
Non-operational or process improvements (e.g. scheduling, security, 

environment, SMS, etc.)

Minimal risk of operational approval
No significant safety impact or depends on approved capabilities or 

operations already approved

Minor risk of operational approval
Similar application/operation already approved, or minor safety impacts

Major risk of operational approval
Large changes, but limited to one domain (e.g. airborne, ATC, etc.) and 

hazardous or major safety consequences

Significant risk of operational approval
Large amount of analysis required, limited operational experience with 
concept, or significant change in roles (human/automation)

Green (G)

(Not 
Applicable)

Yellow (Y)

Red (R)

Green/Yellow
(GY)

119 Proposed Operational Improvements Assessed from NextGen Integrated Work Plan (2008) 
based on summary descriptions
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Code Number of 
OIs

Percent of 
OIs

NA 53 45%

G 19 16%

GY 11 9%

Y 21 18%

R 15 13%

Total 119
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Safety assessment will be key capability to achieve future 
operational changes

Increased demands for safety assessment quality can be 
expected

Emphasis on structured approaches can expand the scope of analysis
Obtaining operational data will be a critical capability to qualitatively and 
quantitatively characterize safety behavior

Significant challenges in safety approval of new operational 
systems can be expected

Risk that increased scope can lead to intractability of analysis
o Long time scales of change
o Risk of failure to close safety case
Risk that tractability may limit changes to functionally similar capabilities
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Thesis available at http://dspace.mit.edu >> air transportation research


