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Concept PTP Team

N/Seagull Technology

* Overall program management

* Integration of Concept PTP sub-concepts

* ATM automation sub-concepts development

¢ Flight ops sub-concept development

* Scenario development and evaluation planning
* Cost/benefit analysis

* Coordination with VAST toolbox development
« Documentation and reporting

WUNITED

* Demand demographics

* AOC sub-concepts development
* Fractional jet operations

* Project review

Federal Express

« Demand demographics

¢ Airport automation requirements
* Project review

Honeywell

» Flight deck avionics sub-concepts
* Flight crew human factors analysis
+ System security sub-concepts

System Resources Corp. ='|m

ATk Compuny

* NAS transition planning

* NAS architecture
« Concept evaluation planning

« Traffic controller/manager human factors
* System safety

I TT Industries

* CNS infrastructure
* \Weather information infrastructure
* NWIS infrastructure
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“.( Outline

 Expected Concept PTP Potential Benefits
 Core Ideas
e Self Assessment Plans
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How Concept PTP Will Work

Current Hub-Spoke Design:

Spoke

Terminating
- C-A

e B-A
C-A-B
B-A-C
me==r ReturnC-A-B
sssms ReturnB-A -C
ssnns  Direct Return
- A-C

- A-B
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How Concept PTP Will Work

Point-to-Point Design Has Two Mechanisms to Increase NAS Capacity:

Legend
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* More direct for customer efficiency
* Unload impacted Hub

Terminating
- C-A

e B-A
C-B

B-C
Return C - B
Return B - C ., 050
Direct Return

* Unload impacted Hub
* Provide mobility/efficiency options



"{ Concept PTP Premise

* Increase National Airspace System (NAS) Capacity by:
— Facilitating and Incorporating Massive Use of Point-to-Point
(PTP) and On-Demand Air Transportation between Non-Hub
Airports —
» 1.e., Broaden the number of nodes and connectors within the grid

* Requires Augmenting NAS Components to Implement
the Concept

— Air Traffic Management Systems
— Fleet Operations, CNS, and Weather Information Infrastructure
Aircraft Equipage, Fleet Mix and Number

— Commercial Aircraft Operations Management Processes
» Large scheduled air carriers (travel and shipping)
> Regional carriers, charter carriers, and air taxi operators
> Business and fractional jet ownership organizations
» Other aircraft operators (e.g., UAV, rotorcraft)
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"{ Key Concept Benefits

 Harness underutilized public (and private) airports
plus the potential of ATM and AOC automation,
advanced avionics, and CNS technologies potential to
increase overall NAS CAPACITY

— Benefits analysis will estimate potential overall capacity gain
— Greater number of airports in use can also relieve capacity-
limited hub-spoke airports

* By-product of concept is an increase in overall
transportation system EFFICIENCY

— Benefits analysis will measure a reduction in total travel time
— Facilitates more direct and timely door-to-door service
(mobility)

January 15, 2003



"{ Enabling Concept PTP Core Ideas

To Mechanize Concept PTP Requires Development of Six Core Ideas:

ATM Automation

1. Provide Non-Towered Airports with ATM Automation

e 2, Utilize Expanded Terminal Area Time-Based ATM

* 3. Mechanize Strategic En Route ATM in New Airspace Structure
* 4. Expand Traffic Flow Management Capability

Airline Operations Automation
5. Expand Fleet Operations (Dispatch) for Collaboration and Flight Timing Control

Advanced Avionics
6. Accommodate Broader Aircraft Spectrum and Exploit Advanced Avionics Equipage

Incorporate CNS, NWIS, and Weather Information Infrastructure and
Technology Advancements to Enable Core Ideas
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./ Core Idea 1 - Provide Non-Towered
Airports with ATM Automation

* Provide same traffic advisory, sequencing, weather and
airport information as towered airport

 Provide LAAS and smart airport lighting for precision
approach/departure

 Enable same capacity during IFR as in VFR

* Provide mechanism for the Greater NAS to monitor and
incorporate small airport operations into emerging ATM

decision support tools and automation
— Monitoring small airport operations — additional benefit to
provide system security

e Increase small airport safety and perceived safety as well
as capacity and travel efficiency
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Core Idea 1 - Non-Towered Airport ATM

Automation
Increase Uncontrolled Airfield Safety, Capacity and Efficiency %.
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“Aircraft zero zero four, number two,
following aircraft on five mile final”

ATM Automation Hub

January 15, 2003 10



Core Idea 1 - Non-Towered Airport ATM

Automation

Flight Plan Requests, ATM Collaboration

Remote Regional Operations Status . Pre-Departure
Monitoring and Planning
Traffic Management
o * Flight Plans c
Mm-S ST SmsSSssss—oo—-------e :f:’ « Amendments -_8
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1
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1

___________________________

Integrated Airport ATM Automation — Flight Deck Functional Architecture
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Core Idea 2 - Utilize Expanded Terminal
Area With Time-Based ATM

Broaden terminal (TRACON) region to encompass smaller
surrounding airports

Redesign terminal airspace and corner-post feeder fixes

— Flexible runway anchor (way) points

— Flexible climb and descent corridors

— Direct paths for 4D equipped aircraft
Expand Traffic Management Advisor (a la Multi-Center TMA)
concept to set non-conflicting required time-of-arrival (RTA) at
anchor points and intermediate waypoints for transitioning aircraft

Use aircraft 4D FMS and CDTI to follow assigned transition
to/from en route, approach/departure paths and RTAs (non-
conflicting cells move along precise paths)

Work with Regional TFM to respond quickly to changing runway
and airspace conditions
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"{ Core Idea 2 - Terminal Area Time-Based ATM

3 13
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Arrivals
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—{ Core Idea 3 - Mechanize Strategic En Route ATM

e Use 4D guidance (either FMS or Operator PCT provided) to meet flight
plan destination RTAs

* Airspace segregated into three altitude bands to exploit three aircraft
equipage levels for separation assurance and increased en route capacity

— Sectorless airspace for FLL350 and above — equipped for self separation (“Well
equipped,” or Class C aircraft); “Z35”

— Dynamic sectors for FL270 to FLL34S — air-ground trajectory negotiation
(“Moderately equipped,” or Class B aircraft) and self separation (Class C);
sector sizing adjusted to traffic densities and complexities

— Sectored altitude bands below FL270 used by non-equipped managed aircraft
(“Standard equipped,” or Class A aircraft) plus climb/descent transition for
Classes B and C

* Harness aircraft self separation (a la DAG TM CE-5 and CE-6) with ADS-
B and 4D trajectory intent/guidance — for Class C and Class B aircraft

« ATM continues to provide tactical separation assurance backup, for self-
separating aircraft
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Core Idea 3 - Mechanize Strategic En Route
ATM

January 15, 2003
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/ Core Idea 3 - Mechanize Strategic En Route

/ FC Responsibility: Eegsne
Separation, Adherence to TFM ADS-B, TIS-B, FIS-B, ADL,
>FL350 .e( Initiatives, Maintain 4D-UPT AOP, 4D FMS, RTSP
S " ADS-B, ADL, 4D FMS, RTSP
= Z35 ATC Responsibility: e _
@ Monitoring Compliance '(-( No Additional Requirements
<
§)< FC Responsibility: FC Responsibility:
% <EL350 Separation, Adherence to TFM UPT, Maintain 4D-UT Envelop
3 ’ .(_( Initiatives, Maintain 4D-UPT +
WL 20 ATC Responsibility:
ATC Responsibility: Separation, Neighboring 4D-UT,
N Manitaring Compliance Adherence to TFM Initiatives
/ FC Responsibility: FC Responsibility:
_e( UPT, Maintain 4D-UT Envelop Route, Maintain 3D-Route Envelop
s | <FL270, -(—«
é =FL180 ATC Responsibility: ATC Responsibility:
%) Separation, Neighboring 4D-UT, Separation, 4D-Route, Adherence
< < Adherence to TFM Initiatives to TFM Initiatives, Advisory Info
®
é FC Responsibility: FC Responsibility:
Q ‘(_( UPT, Maintain 4D-UT Envelop Route, Maintain 3D-Route Envelop
. <FL180 ‘e(
= ATC Responsibility: ATC Responsibility:
Separation, Neighboring 4D-UT, Separation, 4D-Route, Adherence
K Adherence to TFM Initiatives to TFM Initiatives, Advisory Info
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{ Core Idea 4 - Expand TFM Processes

« National (N-TFM) and Regional Traffic Flow Management (R-
TFM) review submitted pre-flight plans and compute suggested
path and timing adjustments to lower statistical potential of
conflict and to even spatial density

_ Fleet Operators submit optimal flight plans with desired time of
arrival

_ TFM collaborate on plan adjustments with Operators

_ Adjustments include flow control measures

_ N-TFM focus on international and transcontinental flights

_ R-TFM focus on high density shorter flights

e During flight:
_ Provide flow control input to account for shifting weather, SUA status,
traffic congestion and destination runway conditions
_ Provide timely assistance to recover flight plans due to AAR and
airspace recovery, in accordance with Operator business priorities
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Core Idea 4 - Expand TFM Processes

Aircraft Communication Interfaces

<+ Individual

>
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>
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Fleet

* Flight Deck Directives

>
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______________________

________

Status

>

* Flt. Plan Adjustements
* Flow Control Directives

* FP Adjustment
* ETA Impact

* TFM, ATM
Constraints

Flight Following

and Re-plan Monitoring‘ >

Flight Timing
Precision Control

* Flt. Deck Tactical Change
- Wx, SUA rerouting
- Winds aloft changes

- Self & ATM conflict avoidance

* ATM Adjustments for Flow
Control

- Traffic congestion mgt.

- Convective Wx mgt.

- AAR recovery mgt.

- Severe Wx recovery mgt.

Air Transportation Fleet Operator (AOC)

« Aircraft Surveillance and Weather Data

* Departure Status Monitoring
* Flight Following
* FIt. Path Adjustment for RTA

Fused Surveillance & Weather Information

Aircraft and Crew
Schedule Mgt. <«

January 15, 2003

Integrated TFM-Fleet Operator Process Functional Architecture
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./ Core Idea 5 - Expand PTP Fleet Operations
(Dispatch)

e Fleet Operator/dispatcher optimizes individual aircraft/crew
schedules to meet transportation demand and business priorities

e Aircraft flight plans optimized but with timing and path
constraints or adjustments (from both N-TFM and R-TFM)

e Operator uses Precision Control Tool to regulate estimated time of
arrival in accordance with submitted flight plan and business
priorities

e Operator works closely with TFM, en route ATM, and flight crews
to keep information on flights current and flight priorities
managed

e Coordinated flights include both scheduled and on-demand (taxi)
cases
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i/ Core

Idea 5 - Expand PTP Fleet Operations

(Dispatch)

Yes

Check Flight Factors

Sample Scenarios
Check Flight Check Flight Questions to Evaluate S1 S2 S3 S4
gi‘;ﬁt Status Yes No Factors Flight status relative to projected trajectory? On-timé Late | Early | Late
Flight has passenger requirements or connections to maintain? Yes Yes No
Operator business goals of "bank pct" override individual flight block arrival gopls? | | Yes
. . . Indicated Action v l l l
Update Flight| Fllght Monltorlng Continue monitoring *
Plan, Link to Bias flight to speed up, consider use of EA and LE tools *
Flight Deck ProceSS LOOp Bias flight to slow down, consider use of LA and LE tools *
Identify flight as flexible and eligible to assist other flights as needed *

- ) L3
. Update | | oo | | i ]
Coordinate . Select e
with TFM [* Predicted Controls
Trajectory

Individual Flight Controls Inventory

(EA) Earlier Arrival Time

Select Individual Flight Controls

AN

P it |
Flight Regime Pushl Taxil Climb | » Crui

;' | TOD| Desce‘nll TRACONl. Taxi

Time to planned blocks:

241+ 240 220 200 180 160 140 120

100 80 60 40 20

Tradeoff LPR HPL MCP

Feasible Scope of Tools Over Complete Flight Trajectory

Captain communicates "we'll be ready" attitude

Captain requires x-wind runway better aligned to destination

Requires faster than 250Kt below 10 thousand AGL

Bird risk 1.0 110 :03

Departure climb at BROC to cruise flight

ATC coord overhead| 1.0 110 :03

Require coord for dest. FMS RTA and var. from 10Kt rule

ATC coord overhead| 1.0 :20 :08

Crew training 1.0 :01 :05
X-wind risk 1.0 110 :08
—
—
rreese——
[

(LE) Toggle Arrival Time Later or Earlier

Taxi queue sequence priority (same company) Other flight delayed| 1.0 120 | +/-:08 |
Push earlier / later than :05 prior to scheduled departure Crew training 0.5 110 | +/-:05
Program FMS cost index for either time or fuel savings ? ? ? ?
Note: LPR = likelihood of producing results despite obstacles (scale 0.0 to 1.0), HPL = highest probability lead time required (minutes), and MCP = maximum correction or gain probable (minutes).
Figure 2-21. Content of the Precision Control Tool (PCT)
January 15, 2003 62
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«-{ Core Idea 6 - Exploit Advanced Avionics

 Economic benefits promote use of highly equipped aircraft

Precise 4D (multi-RTA) guidance to follow timed flight plans
Required total system performance (RTSP) for precise path
control and optimal (reduced) spacing for separation assurance
Strategic conflict detection and collaborative resolution (CD&R)
» Leverage NASA’s Autonomous Operations Planner (AOP)
Flight re-planning ability to adapt to changing winds/weather,
traffic, SUA status, and arrival/departure RTAs
ADS-B for total airspace surveillance, CD&R, and flight plan
monitoring
Full data link capability
» ATM/Operator information exchange with aircraft FMS
> Collaborative flight/traffic management automation
Wake vortex sensing/mapping/display for separation safety

* Fleet size and types optimally fill the O-D demand

January 15, 2003
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Core Idea 6 - Exploit and Promote
Advanced Avionics Equipage

.Air_Data& . . o
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|:| Communication
.
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1 Ssurveillance Advanced
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[ oisal
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point of
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Radios  <ning Position, Velocity, winds, etc. N track, (hd"-'s‘- approach
i {0 i airspee
Air Data Navigation Guidance 4L):/l$
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A
Flt Plan Trajectory ———
oo = Ad d FMS Capability Used fi
vance apability Used for

== Precision Trajectory Control
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i/ Enable Concept PTP via Integrated CNS and
Weather Information Infrastructure

« Communications - Data links, wireless, and land lines tie all

nodes of system together at all times
— NAS-Wide Information System (NWIS) realized
— All aircraft have continuous communications coverage

* Navigation - GNSS enhanced with redundant ground system
— All aircraft guided and monitored to be within flight plan envelopes
for increased airspace capacity (plus security benefit)

* Surveillance - All aircraft under continuous surveillance
— Either ADS-B or radar transponder equipped
— Linked ground stations provide seamless aircraft state and intent data

* Winds/weather/atmosphere - Integrated meteorological

sensor system provides common weather data to all nodes
— Collaborative flight planning, re-planning, trajectory timing, weather
avoidance based upon common data set
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"{ Concept PTP Evaluation Plans

* Determine increase in capacity possible from Concept PTP

January 15, 2003

Define capacity as number of passengers and tons of freight hauled

Examine urban regions that are capacity constrained
» ORD and ZAU
» West Coast Corridor (Bay Area and LA Basin)

Select an array of suitable auxiliary airports to complement Hubs
Use two mechanisms to provided increased capacity while capping

traffic in/out of impacted Hubs
» Direct PTP flights between Spokes and smaller airports (bypass Hub)
> Direct flights into auxiliary airports in same urban area as Hub

Develop city-pair flight plans to and from region
Estimate types and numbers of aircraft involved
Compute parametric measure of concept’s ability to provide

capacity increase
» Treat percentage of on-demand flights as system parameter
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Concept PTP Evaluation Plans
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Concept PTP Evaluation Plans

NAS Baseline Concept PTP

Airports Airports

S

Good/VMC Badimc _U9Y/IMC+

Thunderstorm
l i h 4

——2022 Pax/Cargo Levels—p

Demand
Schedule
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General Self-Evaluation Methodology

Environment ‘ ‘
NAS Baseline Concept PTP
Capabilities Capabilities
v v v v
Flight Plan System
|
|
v v y

Fast-Time Operational

Benefits Simulation

l

2.022 Concep.t PTP Concept PTP
Airport and Airspace ~ Capabilities
Capacity Increases

E"“cept, 2022 Concept PTP
COH(;_.mlc —® Reductions in
Bene lt. Trip Costs
Analysis
C oncept Cost 2022 Net Present
. —»  Value of PTP
Analysis Life Cycle Costs
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"{ Concept PTP Evaluation Plans

* Design high fidelity model of expanded terminal area
- Set up to examine technical feasibility of PTP 2

» Use of 4D FMS and ATM automation to interweave complex
trajectories
» Examine effect of parametric separation requirements on
capacity
» Examine effect of good, bad, and ugly weather days

- Collaborate with other terminal area concept developers

- Make compatible with ACES design

- Use ORD/ZAU for starting scenario

« Attack highest priority safety issues

- For example, reduced separation with ADS-B and measures of
Required Total System Performance (RTSP)

* Take next step in human performance analysis
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