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e

* Air traffic management research of future
concepts needs to address all players
including flight crews, air traffic controllers/
managers and airline dispatchers adequately

 Among the ways of addressing the problem
are

e Include many participants (pilots, controllers,
dispatchers) in a given air traffic simulation to work
all sides of the problem adequately.

e Include automated agents for side aspects and
human participants only for the focus area of the
research.
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’ *Aeronautical Datalink and RADAR Simulator

Distribution of communication load:

— Unlimited number of servers and clients can be
connected by adding identical ADRS processes to
the simulation network that share their information

« Host emulation
« Radar simulation
 Datalink simulation

 Aircraft state and trajectory data
harmonization and maintenance

* Process control and monitoring
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’ Full mission flight simulators Desktop based flight simulators
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Multi Aircraft Control System

MACS pilot station
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/ Cockpit Display of Traffic Information
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/! ATC Simulation
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e

6 Center Controller positions
3 full size Radar displays (not shown)
3 wide screen Radar displays

1 Traffic Management postion
Timeline Gui, Overview, Planning GUI

1-3 TRACON controller positions:

Up to 12 pseudo pilot positions on MACS
stations



ATC stations in
21 Airspace operations laboratory (AOL)
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 Decision support tools accessible

A . for Air Traffic Controllers

« CTAS Traffic Management Advisor (TMA)
« Descent Advisor (DA)
 Final approach spacing tool (FAST)

* Include:
— Scheduling and sequencing support
— Conflict probe
— Trajectory visualization tools
— Trial Planning and Advisories on controller request

e Controller Pilot Data Link Communication
(CPDLC)

 ADS(B) state and trajectory intent information

e




)«” ATC Automation examples
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< Operator Tracking
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* Crew Activity Tracking System (CATS)

— Model-based tool capable of analyzing subject
activities in real-time

— Compares expected to actual behavior and
detects deviations

— Produces visualizations of salient operator-
automation interactions

— Data replay for Post-run debriefings
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 CATS can act as model-based agent for

Automated Agents

certain aspects of the simulation
« MACS can be configured for automatically

performing tasks or prompting operators

_,&6\[\5 Event Control
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f.f TAP ATM Simulations (1997-2000)

Ames Research Cemler

e

/

CTAS/ FMS Integration studies conducted in this
environment:

« Full mission study of flight deck human factors using the
Advanced Concepts Flight Simulator (ACFS) at Ames
— Data link interfaces, FMS usage in terminal area, Vertical Situation
Display
* Initial demonstration with pilots and controllers using the
Airspace Operations Lab (AOL) at Ames

— Operational concept, Controller automation interaction

 Main demonstration with pilots and controllers using the
ACFS and AOL at Ames and the Research Flight Deck at
Langley

— Operational concept, Controller automation interaction,
Pilot/controller interactions, Flight crew factors



/y.{ DAG Simulations (Ongoing)

e

7« CTAS/FMS 2002 data collection. Evaluation
of trajectory based vs. sector based concepts
of managing arrival traffic with FPL controllers
and air traffic managers.

— AOL, MACS, PAS, CTAS

* Frequent workshops, demonstrations and
evaluations of distributed concepts that
investigate free-flight concepts with airborne
and ground-based concept resolution
techniques, new separation responsibilities
and airspace restructuring with Controllers,
pilots, dispatchers and researchers.

— AOL, ACFS, PC-Plane, MACS, CDTI, PAS, CTAS
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/ Distributed Concept (DAG)

Automation: Flight Crew Role:
« CDTI *Assure separation en route
- Conflict probe Flight Plan conflict free flight paths

- EMS Deck % *Follow FMS flight paths precisely
« Data link - Self-merging and spacing

Automation tools
* Planning |

Automation

 Traffic Management
» Conflict probe

* Descent Advisor

» Scheduling
» Data link

X - Data link
Controller Role:
Airline Operational Control Air Traffic Control .

» Assure separation in

AOC Role: i

Det i ; Planner Role: Terminal area
» Determine preferences : ]
P » Generate Schedule » Adjust flight paths

» Coordinate _ _
* Assist flight crews and ATC
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e

» Realistic human-in-the-loop simulations of future
distributed air traffic management will require
participation of numerous pilots, controllers, airline
dispatchers, researchers and the operational
community alike

« The multi-fidelity simulation environment at NASA
Ames has been successfully used for many
demonstrations and evaluations

* The simulation will be upgraded and expanded to
include more research facilities on and off-site as
active participants, observers, or data analysts.

* We have not yet discovered architectural limitations
on the number of involved facilities in any given
simulation.
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/ Information on the World Wide Web

http://human-factors.arc.nasa.qgov/ihi/research groups/air-ground-integration

http://human-factors.arc.nasa.gov/ihh/cdti/DAG TM WEB/dag2001.html

http://www.arc.nasa.gov/aatt
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