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Proposed Concept of Operations

e Responsibility for problem
prediction moves from
controller to automation

e Controllers resolve problems
with automated resolution
assistance

e Problems are predicted and
resolved strategically

e Routine ATC tasks are
automated

e Time-based metering used to
manage traffic to constrained
resources

e Airspace designed to optimize
service and productivity
Improvements
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Automation assists with
sequencing, merging,
and spacing

En route flow
management directives
smooth transition

Automated, high-precision
operations with deconflicted
RNP/RNAV routes

e Additional routes designed to
increase flexibility, efficiency,
and capacity
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e NextGen Integrated Plan
and Concept of Operations

Next Generation Air Transportation System
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NextGen Integrated Plan
and Concept of Operations

| NextGen

Trajectory-Based Operations
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— Realizing NextGen

|Current Programs | Mid-Term Capabilities | NextGen

Trajectory-Based Operations Trajectory-Based Operations

ERAM Improved flight intent ) L
Improved/integrated weather information Aircraft Data Communications
TEM-M Net-centric infrastructure services

Performance-Based

.. : ) Operations and Services
Precision Navigation P

STARS/C-ARTS High-precision flight execution

Separation Management

RNP/RNAV Separation Management Collaborative ATM
Automation responsible for problem detection
Initial ADS-B Automated problem resolution proposals Precision Navigation

Aircraft Data Communications
Initial SWIM Automated complex clearances

Weather Integration

Downlink of intent Surveillance Services

Airspace Management
Program Collaborative Strategic TFM

Improved predictability

Network-Centric
Information Sharing
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Realizing NextGen

Mid-Term Capability Portfolio

ERAM Enhancements
Automated Problem Resolution
Integrated Controller Suite
A/G Data Communications Integration

TFM-M Enhancements
Enhanced Time-Based Metering
Probabilistic Prediction of Congestion
Enhanced Departure Sequencing Tool
Automation for Collaboration with Users
Automation for Flow Initiatives

STARS/C-ARTS Enhancements
Merging and Sequencing Tools
Route Adherence Monitoring

A/G Data Communications Integration

Avionics Equipage/
Flight Planning Systems

RNP/RNAV Expansion
Precise Navigation

Air/Ground Data Communications
Complex Clearance Delivery
Flight Intent Downlink
User Requests

ADS-B
Aircraft Separation

SWIM
Net-Centric Information Sharing

Airspace Redesign
Optimize Improvements

Procedures, Training



En Route Operations
Changes in the Controller’s Job

« Manual scanning of

Baseline Capabilities _ _ _
situation display
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« Manual detection and
resolution of problems

 Performing routine ATC
tasks
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« Handling TFM initiatives
and pilot requests
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e \Voice communications
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En Route Operations
Changes in the Controller’s Job

Mid-Term Capabilities
J"| .' | 3

|
UL egrgs)

Integrated sector display

Action List manages
control events

Routine ATC tasks are
automated

Automation assists with
TFM initiatives and pilot
requests

Data communications
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En Route Concept Validation

Human-in-the-Loop Experiments
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Evaluation ARTCC

10

e Twelve

Supervisors
from three
regions

Compared
baseline and
proposed
operational
concepts

Simulations
with 25%
increased
traffic levels
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En Route Experiment Results
Controller Workload

Aircraft Baseline Operations Workload
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Minutes into Simulation
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En Route Experiment Results
Controller Workload

Baseline Operations vs. Mid-Term Operations
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Minutes into Simulation
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Terminal Operations

Changes in the Controller’s Job

Baseline Capabilities
\ ’ a‘/ ",

 Radar vectoring and
altitude and speed
clearances

e Merging and sequencing

e VVoice communication

» Manual detection and
resolution of conflicts

» Performing routine ATC
tasks
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Terminal Operations
Changes in the Controller’s Job

* Pre-planned RNAV/RNP
routes with procedural
Separation

* Improved traffic management
and automation support

e Automation support for route
adherence monitoring

e Automation/Data Comm to
minimize routine tasks
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Terminal Concept Validation

Human-in-the-Loop Experiments

Baseline

Examined Atlanta TRACON
operations with Atlanta
Supervisors

Compared baseline operations
with proposed mid-term concept
of operations

Evaluated whether one
controller could work both the
feeder and final airspace

Traffic levels at maximum

airport capacity
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é Terminal Concept Validation
Human-in-the-Loop Experiments

Future

« Examined Atlanta TRACON
operations with Atlanta
Supervisors

« Compared baseline operations
with proposed mid-term concept
of operations

e Evaluated whether one
controller could work both the

Fif" B feeder and final airspace
- One Pos o

 Traffic levels at maximum
airport capacity
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UPSETS:
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Workload Rating

Terminal Experiment Results

Controller Workload
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Initial Safety Assessment Underway

Flight Sector ATC Aircraft
Planners Controller Automation Automation

Issue Clearance

P | ot e « Defining detailed operational
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threads and associated system

Process Resolution

for Issuing Amended clearance

— capabilities

Load Clearance
into Flight
Management
System (FMS)

Clearance
«—

 |dentifying potential high-level
hazards and risk mitigations

- -»

OR

(2) Issue Amended
Clearance via
Air-Ground Voice
Communications
Vo)

Clearance

Clearance

Identifier Description Causes Potential Effects Avoidance Mitigation
TFM Terminal En Route ER-2.1 Problem predicted when it

" " hould not have b
TFM-1 | Planned T-1 | Flight Monitoring / ER-1 | Trajectory Modeling and Flight ?Va?sue a?;rm)ave een
Trajectory Route Adherence Monitoring ER-2.2
******** Modeling Monitoring ER-2 | Problem Prediction
TEM-2 | Automated T-2 | Merging and ER-3 | Problem Resolution = .
Congestion Sequencing ER-2.3(a)
Identification and " Problem Notification | az ar en I I C a I O n

Notification H Assisted Trial Planning

TFM-3 | Probabilistic -
Al h,
Decision-Making Sy S t e m ?ir;lz] titude Change

ER-2.3(b)
TFM-4 | Integrated Flow

and Mitigation
Or0 A O est Implementation — _—
Management -
a a I I I e S ver Implementation ER-2.3(d) « Aircraft-to-clear air « Aircraft enters clear air
TFM-5 | TMI Execution for turbulence problem turbulence area that affects

Implementation of turn-to-Route safety of flight

Aircraft-Specific ation
Flow Constraints

ER-2.3(e) « Aircraft-to-MPT + Aircraft needs a more drastic
constraint problem maneuver downstream to meet
MPT constraint

ouna-eron e
Communications ER-10 | Aircraft Transfer Implementation

N g - - - — « Aircraft crosses meter point
TFM-6 izi:yi‘ilsem ER-11 | Routine Information Dissemination outside of 15 ass@nedglm
ER-12 | Cluster Prediction and ER-2.3(f) « Aircraft-to-MIT « Aircraft crosses MIT boundary
TFM-7 | Ground-Ground Simplification constraint problem without enough spacing behind
Data leading aircraft
Communications ER-13 | Sector Resource Management « Aircraft crosses MIT boundary

with too much spacing behind
ER-14 | Air-Ground Data Communications leading aircraft

ER-15 | Ground-Ground Data
Communications
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Additional Experiments Underway

— High-performance airspace
e Severe convective weather

» Failures and exception
events

— Mixed-performance airspace
0o Data communications

Aircraft equipage levels

% RNAV
% Data communications

Position combinations

Departure, feeder, and final
approach positions

Metering performance

Additional decision support
capabilities

Route display aides
Route adherence monitoring
and alerting

Tools to aid merging and
sequencing of traffic MITRE
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Summary

The baseline operational environment will not be able to
handle a 25% traffic increase in complex en route airspace

— Controller workload will become unmanageable

An operational concept and an integrated set of capabilities
have been demonstrated in laboratory experiments to
Increase controller productivity and keep workload
manageable

— Under fairly pristine conditions (e.g., good weather, full equipage,
limited operational upsets, no system failures)

These capabilities form a major step toward NextGen, and
could be achieved in the mid term (resources permitting)

— They are being incorporated in the Operational Evolution
Partnership, along with other important and necessary mid-term
capabilities

The necessary engineering work is underway
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This work was produced for the U.S. Government under Contract
DTFA01-01-C-00001 and is subject to Federal Aviation Administration
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The contents of this document reflect the views of the author and The
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