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[] Trajectory clearances and
aircraft data are communicated
between air traffic control and
aircraft via data link

[1 Flight crews follow these trajectories
accurately using the aircraft's FMS
automation.

[1 Air traffic controllers determine an
efficient conflict free plan for arriving
aircraft using the Center TRACON
Automation System (CTAS) in order to:

Center TRACON
Automation System

CTAS Oreduce flight delays

[] increase throughput
[1 ensure flight safety
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Planning controller uses
CTAS tools to create an
efficient conflict free plan for
arriving aircraft on FMS
“~~.lrajectories.
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CTAS/FMS Operational Concept

&7 Ames Research Center

Air/ground information exchange for better trajectory
predictions.

CTAS compatible FMS routes and descent
procedures.

Downlink of user prefered arrival and descent
trajectories for arrival planning in Center airspace.

Uplink of CTAS advised cruise & descent speed and
route modifications in Center airspace.

Uplink of CTAS/FAST routes to FMS aircraft for more
precise control of interarrival spacing in TRACON
alrspace.
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Charts and Procedures

» Operator Task Models
- Cognitive Walkthrough Methodology
- Crew Activity Tracking System
» Charting
- FMS Arrival & VNAV Descent
- FMS transitions
* Phraseology

"Descend via the BOWIE F2 Arrival,
maintain 290 knots in the descent."

 Training Material
- Flight Manual Bulletin

OR NASA RESEARCH PURPOSES ONLY - NOT TO BE USED FOR NAVIGATION

PROOF OF CONCEPT:
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BOWIE F2 ARRIVAL NOTES:

1. Consult Flight
2. "Cleared 10 DFW via the BOWIE F2 Arfival.” orCleared as fled

- The BOWIE F2 Arival includes the aircrais assigned laeral route to BOWIE.
© Thisis a clearance for the laieral rouing only of e BOWIE F2 Artval ©0 ROMA

3. *(maintain Mach .X). Descend via the BOWIE F2 Arival, (descend at XXX IAS)
- This s a clearance I

~ Report leaving altude.
- Comply with assigned speeds.

4. Advise Regional Approach on intal contact that you are on the BOWIE F2 Arrva.
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1. Expect ILS18R.

PREVO (PREVO) FMS TRANSITION

PREVO
Cross ator above 7000
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Cross at or above 3000

PREVO FMS TRANSITION NOTES:

1. "Descend via PREVO FMS transiton
FMS route discontinuty must be closed
between PREVO and MORRY waypoints.

2. Expect ILS19R.
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FMS ARRIVALS AHD APPROACH TRAHSITIONS

Two FMS amivals (Bowie F2 (UKWFZ), and Glen Rosa F2 (JENF2)) and approach transtions are being tested at Fort

Npith Centerand Callas- Ft. Wibrth Fe gional Aoproach Control. They are designed to enable efident FMS descents to
' top-of-descent to the final approach fix. These i

in combination with an ATC traffic-planning tool, and can be used in conjunction with data link . Data link is not required

to flythese FMS arrivals and approach transitions, but helps to aceurately plan an efident descent. Use oflateral FMS

quidance e.g., LNAY, WAV is required, and use ofwertical Ful S guidance CuMA, PROF) IS strongly recommended.

Thess fur pages describe voice and data link methods r fying the FMS amhal and approach tranaitions.

amivals and appraach transitions are used

Lateral Routs Clearance:
"Cloared fo DFW 162 e Bowie F2Amival " Bl
"Cloaredas ed.”

The airerat is cleared to fiythe assigned orfiled lateral
Fhut S amival mute using coupled Fs guidance.

Deacert Qearance

Both data link and non-data link equipped aireraft must
recefue 3 descent clearance by woice betre descent
maybe initiated:

Dot end via Bowie F2 Amival™

The airerat is cleared to descend wa the WS amival
route to the final charted atitude restriction. The ATC
traffic planning tool has knowledge of the aircrafts FMS
trjectony, and expects the airerat to ramain wihin 10 kts
and 1000 ft of fts werical FMS profle or sk addiional
delay vectors, Use of vertical FMS guidance (z.g.,
WAL, PROF)Is recommended.

FME ARRIMALS FOR DFW [ FORT WORTH CENTER)

De scribed on this page arethe FMS amhal dearances to be issued by wice. This applies to both the Bowie F2 armival
andthe Glen Rose F2 amial, regardless of whether or not data link is used.

PS4 RRI AL CLEARAMNCES

Spesd Aesignments:
In addition tothe crossing restrictions on the S Amival
chart, cruise and descert speeds maybe assigned. For
example:
"Mainfain mack 4. Descend viaBowie F2 Amial
descond at g frot."

If ATC assigns eruise or descent speeds:

- Enterassigned cruise mach or airspeedin the COU
CRZ page

= Enter assigned descent speed inthe COU DES

R20s
= "EiEGWE" e spesd medification.
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PROOF OF CONCEPT: FOR NASA RESEARCH PURPOSES ONLY - NOT TO BE USED FOR NAVIGATION

BOWIE F2 ARRIVAL (UKWF2)

amis 123.77 (/E or IF aircraft, RADAR required)

ROMAH (ROMAH) AND PREVO (PREVO) FMS TRANSITIONS TO ILS13R AND 1LS18R
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REGIONAL Approach 119.87 133.62
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PREVO
N33 14.8 W097 25.8

ALL AIRCRAFT

Cross at orabove 7000 .

PREVO
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ALL AIRCRAFT
Landing 13R:

Expect PREVO FMS TRANSITION.
(see side panel).
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BOWIE F2 ARRIVAL NOTES:
1. Consult Flight Manual Bulletin for procedure details and data link procedures.

2. "Cleared to DFW via the BOWIE F2 Arrival." or"Cleared as filed".
- The BOWIE F2 Arrival includes the aircraft's assigned lateral route to BOWIE.
- This is a clearance for the lateral routing only of the BOWIE F2 Arrival to ROMAH.

3. "(maintain Mach .XX). Descend via the BOWIE F2 Arrival, (descend at XXX IAS)."
- This is a clearance to descend at the VNAV Top-of-Descent to the published BAMBE altitude or other cleared altitude.
- Vertical navigation is not at pilot's discretion. Maintain current altitude until the VNAV Top-of-Descent .
- Report leaving altitude.
- Comply with assigned speeds.

4. Advise Regional Approach on initial contact that you are on the BOWIE F2 Arrival.

ROMAH (ROMAH) FMS TRANSITION
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ROMAH FMS TRANSITION NOTES:

1. Expect ILS18R.

PREVO (PREVO) FMS TRANSITION
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PREVO FMS TRANSITION NOTES:

1. "Descend via PREVO FMS transition."
FMS route discontinuity must be closed
between PREVO and MORRY waypoints.

2. Expect ILS13R.




CTAS/FMS Center Tools & Controller Interface

* Meet time cruise and descent speed advisories
» Multi-aircraft trial planning for transition airspace
» Multi-aircraft trajectory preview display

« Datalink for information exchange & trajectory clearances
* Toolbar for clearance input, datalink and display control.

¥ Timeline [ Sequence List ¥ Deselected List [ Direct-to List [ Map Positioning ¥ Menu Bar
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CTAS/FMS Center Tools & Controller Interface

» Multi-aircraft trajectory preview display
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Common CTAS & FMS Route
T e Databases & Charts
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A Datalink Function
Route Modification Uplink
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CTAS/FMS Simulation Study
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 ATM simulation at Ames
— 3 Center sectors + a planning position
— 3 TRACON sectors
« Aircraft simulators at Langley & Ames
— Full-Mission B757 Simulator
— Advanced Concepts Flight Simulator (ACFS)
* Participants
— 6 controller teams
— 12 flight crews
« Conditions
— 2010 time frame
— CTAS Tools: TMA, DA, FAST
— All aircraft FMS equipped
— 20% & 80% datalink equippage
— Piloted simulators have traffic displays

— A no tool control condition
12



Sources of Potential Benefits
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* Information exchange for trajectory prediction accuracy
o User preferences for more cost effective descents
 FMS routes for more controllable & precise trajectories
 FMS routes for increased safety

 Fewer clearances

Key idea: if an aircraft can remain on FMS trajectory until the
final approach fix a number of sources of arrival time error are
eliminated.
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Concluding Remarks
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What we plan to demonstrate ...

 Center
Increased efficiency of arrival traffic management.
- Reducing average delays
- Accomodating user preferences
« TRACON
Increased throughput.
- Reducing inter-arrival time variability

... with minimal changes to today’s FMS and
datalink systems.
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Plans for FYO1

CE-11 Pilots use traffic displays and guidance
to fine tune spacing.

CE-5 Pilots and controllers both use trajectory
manipulation tools to coordinate
deviations arround weather.
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CTAS/FMS Simulation Components

\f Ames Research Center

Air ACFES PAS
Side \ /
/S5/RFD -—, 3 —" CDTIl Lab
ADRS
A
Ground CTAS Center CTAS TRACON
Side (Df\) (FAST)
; Y
En Route Feeder Final
Controller Controller Controller
PGUI PGUI PGUI

All air-ground datalink communications use a common protocol.
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