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ABSTRACT

A concept for aiding air traffic controllers in efficiently
spacing traffic and meeting scheduled arrival times at a metering fix has been developed and tested in a real-time simulation.
The automation
aid, referred to as the ground-based fourdimensional descent advisor (DA), is based on accurate models
of aircraft performance and weather conditions. The DA generates suggested clearances, including both top-of-descent-point
and speed-profile
data, for one or more aircraft in order to
achieve specifc time or distance separation objectives. The DA
algorithm is used by the air traffic controller to resolve conflicts
and issue advisories to arrival aircraft. A joint simulation was
conducted using a piloted simulator and an advanced-concept
air traffic control simulation to study the acceptability
and
accuracy of the DA automation aid from both the pilot's and
the air traffic controller's perspectives. This paper focuses on
the results of the piloted simulation. In the piloted simulation,
airline crews executed controller-issued
descent advisories
along standard curved-path arrival routes, and were able to
achieve an arrival-time precision of :t.20 sec at the metering fix.
An analysis of errors generated in turns resulted in further
enhancements of the algorithm to improve the predictive accuracy. Evaluations by pilots indicate ge.neral support for the
concept and provide specific recommendations
for improvement. Operational issues concerning how the DA was used for
prediction, inuail spacing, and metering in a mudtiaircraft environment are described in a companion paper. (See Tobias, this
conf.)
INTRODUCTION
In the past several years, the nation's air traffic control
(ATC) system has become increasingly congested, delays have
become common,
and controller workload has increased.
NASA Ames and other research laboratories are investigating
methods for increasing the efficiency of terminal-area traffic
management and decreasing controller workload. The current
work focuses on the potential for using time-based trafficmanagement techniques. The success of this approach is
dependent on its ability to handle aircraft regardless of the level
of sophistication
of the on-board equipment.
Some new
commercial aircraft are equipped with fightpath-management
systems that are capable of generating and flying fourdimensional (4D) trajectories. Although these on-board systems
will be an essential component of a time-based traffic management system, there will be a long transition period in which
both equipped and unequipped aircraft will be flying. During
this transition period, the success of time-based traffic management will be determined by how well controllers can control
the arrival times of unequipped aircraft.
Copyright © 1989 by the American Institute of Aeronautics
and Astronautics, inc. No copyright is asserted in the United
States under Title 17, U.S. Code.
The U.S. Government has
a royalty-free license to exercise all rights under the copy.
right claimed herein for Governmental purposes. All other
rights are reserved by the copyright owner.

The descent advisor (DA) is an automation tool that assists
air traffic controllers
in meeting arrival-time
and spacing
requirements for inbound traffic. The DA algorithm resides in a
microprocessor-based
workstation
that interfaces with and
receives aircraft surveillance data from the National Airspace
Host Computer.
As an unequipped
aircraft approaches
the
descent area, the algorithm predicts the arrival time, taking into
account the aircraft's performance capability, current wind and
weather conditions, and the airline's standard operating procedure. The predicted arrival time is presented to the controllers,
along with predictions for all other aircraft in their sector, by
several graphical techniques. The controller chooses an optimum arrival time for an aircraft by adjusting the aircraft's
descent-speed
profile, using a mouse-based,
menu-driven
interface with the DA algorithm. When the controller accepts a
descent-speed profile that will allow the aircraft to arrive at the
desired time, the controller issues the speed profile advisory to
the aircraft in the form of a clearance. A detailed description of
the graphical controller interface for the DA algorithm is given
in reference (1).
For the work described in this paper, a piloted simulator
was used in conjunction with an ATC simulation to evaluate
the performance of the ground-based, 4D, DA algorithm for
controlling the arrival time of conventional (unequipped) aircraft. Arrival time is controlled to a position about 30 n.mi.
from the airport, referred to as the metering fix or feeder fix.
This is an intermediate point between cruise and touchdown
where commercial jet traffic undergoes a transition
from
enroute descent to terminal area operation. The desired arrivaltime accuracy for unequipped aircraft at the feeder fix is
+_0 sec.
An earlier study evaluated the DA performance for a single
aircraft executing straight-in descents (2). Although the DA
was shown to have considerable promise, pilots felt it was necessary to conduct an evaluation in an operational ATC environment with other traffic. In the current study, the piloted
simulation was conducted
in conjunction
with a controller
evaluation of the DA tool (3), to determine the precision with
which airline pilots could fly curved-path,
advisor-assisted
descents in a realistic ATC environment. Additional evaluations included the effects of different wind conditions on pilot
performance, and procedures for advisor-assisted
route intercepts during descents. This paper first briefly reviews the 4D,
DA algorithm and then describes the results of the piloted simulation studies.
ALGORITHM

DESCRIFFION

In broad outline, the DA algorithm synthesizes a 4D trajectory in the following way. First, the DA predicts the arrival
time of an aircraft following a defined arrival route, based on
the aircraft's
standard operating procedures.
Next, the DA
computes a range of arrival times based on the aircraft's speed
envelope. If the desired time, i.e., the time designated by ATC,
is out of this range, a combination of speed change and path
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