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 Operational Issues
Case Study Capacity Factors

« Ground stops * Departure insertion « Corner post traffic
- SWAP routes MIT restrictions TMA arrival / imbalance

« HVR’s En Route Convective weather departure Convective weather

- Forecasting Regional jets transition Airport/SUA interactions
accuracy NRP complexity High altitude wind shear

Regional jets

Chicago

Airside
Capacity

Taxi operations with late bank Factors
Number of gates

Configuration changes
Low visibility taxi

Approach

transition

Configuration changes
Missed approaches
Midway interaction
Final approach length
Radar outages

LAHSO issues
Wet runways
Wake vortex spacing .
Runway occupancy Final

Final approach speed approach /
variability Initial departure
Final approach length transition
Convective weather

. Final Initial
Taxiway

approach departure

 Complex, inter-acting constraints dynamically

change airport and airspace capacities
Source: NASA Sponsored Airspace Preliminary Design Case Study
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System Engineering Context for Operational Concept

System performance
requirements

Strategic objectives

System
Assessment
Architecture

MOM - Measures of Mission

MOE - Measures of Effectiveness

Concept
Iteratio

Operational
Requirements
Document
(ORD)

Required
Technical
Performance
(MOPs)

Modeling
& Tools

Systems &

Architecture Subsystem
Iteration
level specs

ATM_0119

MOP - Measures of Performance
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System Wide Capacity Increasing Concept Context

Landing Navigation
Interfacilities Guidance g
Comm
Facilities
Status
Airport
Management

Flow

Airspace . ¢ > Traffic > Separation
Management »| (Congestion) Management Management @

Management

S
7 Ll
— - A7 TS
2 . 7 Collision ™

Flight ) o : ;
/ Schedule \ II Flight \ >/ anhfﬁ!‘Z@EDQe’

\ Planning / \  Planning y \ Execution /] DoD &
. N S\ P Gov’t Ops
Flight \_/ \s_._’ \\.//

Assistance omeland

Security

Search & aw Enfrc

Rescue

w Information
Management

ATM Ancillary Responsibilities

Air Traffic Domain Core Responsibilities

“““““““““““““““““ B = Moni A Plan, E
:Typical Airspace Operator Responsibilities } Management onitor, Assess, Plan, and Execute
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Integrated Services with Time Partitioning

*Enriched Trajectory Based Flight Plans

===

Airspace

Management
Up to Severa| years

ion
Flight operations Flow Traffic rﬁ:ﬁ:;tmen
management management management

utes
Up to 1 year : Up to 1 day Up to 1 hour Up to 20 min )

Plannlng horizon in advance of actual time
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Time Partitioning of ATM Services

Function
i |
*é’ Flow Management PH
O)
=
3
)
i
g«
® S *Services Time Horizons
|_
. *Prediction Accuracy as a
e Separation Management PH . . .
é, — Function of Time Horizon
a . and Phase of Flight
8 :
5 | Coll. Avoid. PH -D(.at.ectl.on accur.acy and
S Criticality for Air Traffic
< .
_ Services
[o]
Q > Time
Now Now+2 min Now+20 min Now+60 min Now+24 hrs
PH: Prediction Time Horizon DH: DetectionTime Horizon CH: Control Time Horizon
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Air Traffic Management as an Integrated Set of Core Services

A \ *Shared Service Objectives
i  Airlines/Flight | Weather Services

Operations Center DoD *Performance Framework

Homeland Security

I l T —|  Public Safety *Coordinated Flight Replanning

Weather
-» -» -»
. | o NAS Infrastructure statugy e ® ®
Information Aircraft state (positio'% yelpcity, intent)
Management
Historical Schedules User preferences
New Flight Plans o
f Special Resource Navigation
| uset Allocation
requests (airspace, routes,
VYV _ |etc) AAA A VY VY V__ Proposed YVY 4-D Yy
. Proposed Trajectories e Trajectory ¢~~~ T~ >
Airspace Flow m Traffic —| Separation —r‘: Aircraft .
Management Management Management Management I
: : Handoff | ]
Approve/ S—— - _ r’

A Reject request
I

<“——>»
* Coordination | |
| |
I
I

A 1 | ]

| 1t ] N

| | | oted 111

| R Reduest (ai | | Approved/Rejected | | | | fp.p“zve.d/ Rejected | )

| | Resource Request (airspace)_, flight plans R o Sy By B IO .
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‘ Air Traffic Management Printec: 11504



Air Transportation Capacity Increasing @ﬂﬂflﬂﬁ

Airspace Management

*Dynamic Infrastructure Health
Monitoring

*Estimation of Actual Total System
Performance

*Determination of Required Total
System Performance

*Time Horizon Determination and
Allocation to ATM Services

*Dynamic Airspace Configuration

*Long Term Monitoring and Feedback
of System Performance
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Flow Management

*Enhanced Flow Prediction with
Uncertainty Estimation

*Enriched Constrained Resource Set

*Equity Based Allocation of Delay

*Uncertainty Based Flow Planning with
Discounting

*Schedule Connectivity Considerations
Flight Plan Controls
*Back Up Flow Planning
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Traffic Management

(+23mn0

*Multi-sector Traffic Planning

*Surface, Terminal and En Route Planning
Integration

*Complexity and Spacing Management
*Traffic Management Coordination
Flight Plan Controls

*Back Up Traffic Management
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Separation Management

*Sector Based Separation
Management

ooooooo

ooooooo
.........

*Precision Procedural Control

16910001

*Procedural Lateral and Vertical
Separation

Enhanced ETA and RTA
Longitudinal Control

*High Performance Trajectory
Datalink Communication

*Enlarged Sector Span of Control

*Separation Management Monitoring
and Back Up Modes

*Coordination with Aircraft Collision
Avoidance
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Human Roles and Responsibilities

Very High

Human as System Manager

— Human involved, informed and
in command

— Humans and automated systems
able to monitor each other

— Automated systems are
predictable

— Automation is supportive of Automation
human

— Automation guards against
human limitations
Multiple, Selectable Levels of
Automation

Dynamic optimal allocation of
functions between human and

machine Very Low

Air Traffic Management

Failure Conditions
Autonomous
Operation

Mngmt.
by
Exception

Mngmt. by
Consent

Task Loading

Task Criticality

Operator Confiden
Predictability
Time Horizo

Complexi
Mngmt. by T
Delegation Reference
Billings, 1997
Assisted
Control
Unassisted
Control
Very High Human Involvement Very Low
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Preliminary Assessment of Capacity Benefits

Enroute
Volume VMC

Large Impact " Minimal Impact

-Weather effects not already captured

(e.g. snow removal after storms) Most
-Air Traffic Control equipment problems Other MVMC S if t
-Airline operation problems Large Ignitican

-Propagation effects of weather delay

Impact mc  mpact

Large Impact

Convective
Weather
Medium Impact

VMC - Visual Meteorological Conditions
MVMC — Marginal Visual Meteorological Conditions
IMC — Instrument Meteorological Conditions
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Operational Scenarios

0 500 1000
Miles
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Summary

*Enriched Trajectory Based Flight Plans

*Required Total System Performance (RTSP) Based Flight Planning
*Dynamic Flight Plan Updating

Integrated Services with Time Partitioning

*Services Time Horizons

*Prediction Accuracy as a Function of Time Horizon and Phase of Flight
*Detection Accuracy and Criticality for Air Traffic Services

*Shared Service Objectives

*Performance Framework

*Coordinated Flight Replanning
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