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Fig. 4 Example of descent profiles.

a = a + b1 + C12

Speed Advisory System

In this algorithm, four numerical integrations
are typically required to generate each 4D trajec_
tory. Numerical integration is computationally
more demanding for real-time applications than
other schemes, such as table look-up from a large
number of stored trajectories. However, this dis­
advantage is far Outweighed by the fleXibility of
the integration scheme to model realistically air­
craft performance and complex wind profiles, which
are crucial for accurate time prediction .

By analyzing the results of air-traffic­
control simulations conducted in our laboratory,
we have arrived at an initial design of an opera­
tional system for ground-based time-control of
unequipped aircraft. Figure 5 is an example of
simulation results that contributed to the selec­
tion of the design parameter. It is a composite
plot of ground tracks generated by 1.5 hr of
heavy traffic flow into a terminal area similar
to that of the JFK airport. Traffic arriving at
the three feeder fixes or start points was ini­
tially handled by an arrival controller. The
entry point into the arrival controller's air­
space was about 120 n. mi. from touchdown for the
two jet routes and about 70 n. mi. for the low­
speed route. It is clear from the small spread
of the flight paths, as well as from the speed
profiles (not shown) in the airspace where air­
craft are descending from cruise altitude to the
final controller hand-off points, that the arrival
controller issued few, if any, vectors that caused
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s ynthesis is not feasible, and an appropriate mes­
sage is presented to the human operator. After
transforming the time variable to a dimensionless
quantit y 1, 0 ~ 1 ~ 1, using the transformation
1 = (t - tmin)/(tmax - tmin) we choose a quadratic
function as an estimator of the unknown a:
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Fig. 5 Composite trajectory plots from simuJ.lti.·::,
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The three pairs of known relationships between t
and 0 , (tmin' 1), (tmax' 0), (tnom' Gnom), are
used t o determine the constants a, b, and c in
the estimator function . Finally, 0fe' the esti­
mate of the a value that results in the speci­
fied landing time tf' is calculated by substitut­
ing 1f' 1 f = (t f - tmin)/(tmax - t mi n), into
the estimator.

The ability of the estimator to predict the
correct value of a depends on how well the
quadratic function approximates the actual, but
unknown, relationship between Of and tf' To
check the accuracy of the estimate, the equations
of motion must be integrated a fourth time in
order to compute the actual landing time tfe
corresponding to the estimate 0fe' If the time­
error t e = (tf - tfe) exceeds a specified error
tolerance, the coefficients in the estimator can
be updated and the procedure repeated. However,
experience with the algorithm has shown that the
accuracy of the initial estimate 0fe is suffi­
cient for this application. For example, a land­
ing time-error of less than 5 sec is obtained for
a 110-n. mi. descent trajectory with a nominal
descent time of 1100 sec.

Figure 4 plots true airspeed versus touch­
down distance for the maximum, minimum, and nominal
speed profiles. The names of profile segments,
and the landing time and the fuel consumption of
each profile are indicated in the figure.
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aircraft to deviate from their nominal descent
trajectories. In this region the controller is
not able to visualize or predict future spacing
conflicts at the merge point of the three traffic
streams and, therefore, cannot participate in
the ordering and spacing process. Thus, all such
vectoring is performed by the final controller
during the last 25-30 n. mi. of flight. This gen­
erates the broad spread of flight paths in the
final control sector characteristic of present-day
vectoring procedures. Although this method con­
trols traffic successfully, it demands high skill
and workload for the final control position. Fur­
thermore, fuel is wasted and runway capacity is
lost by the limitations inherent in concentrating
ordering and spacing control within the confined
airspace region close to touchdown.

The procedural profile algorithm described
earlier was incorporated in a system that gives
the arrival controller the ability to participate
effectively in the spacing control proc~ss. The
intent was to derandomize and coordinate the traf­
fic flow from the three directions before the
final control sector. With inputs of desired
landing time, current position, altitude, and
speed, the speed advisory system (SAS) computes
and displays the required Mach-number CAS that
will cause the aircraft to land at the desired
touchdown time. The arrival controller, who is
presented with a table of speed advisories on his
display, is responsible" for issuing the advisories
to pilots as early as possible in the descent. As
an aircraft descends, SAS continuously compares the
predicted position with the actual position of
the aircraft along its approach route in order to
track the time-error. If the error exceeds a
specified bound (:20 sec) at any time in the
descent, SAS updates the speed advisory shown on
the controller's display about once per minute.
The update feature makes it possible to control
the growth of time-errors owing to uncertain winds
and other disturbances and to pilot tracking
inaccuracies. Perhaps most importantly, it gives
the controller the flexibility to scan the display
and issue the speed advisories during a less busy
time period. In practice, the number of profile
updates the arrival controller can give is limited
to three per aircraft, one at the top of descent,
another at the midpoint, and a final one before
the aircraft is handed off to the final controller
at a distance of about 30 n. mi. from touchdown.
After the hand-off has occurred, SAS data are
removed from the controller's display. The final
controller then uses traditional vectoring tech­
niques to correct residual spacing errors in the
merging zone.

A recent evaluation of the system in a real­
time air-traffic-control simulation has shown
promising results. l o In general, traffic flowed
smoother and was less difficult to control with
SAS operational than without. There was a sig­
nificant reduction in the spread of flight paths
compared to that of the baseline case shown in
Fig. S. A time-control accuracy of :20 sec at the
final controller hand-off point appears to be an
achievable goal. Further evaluations using
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a joint piloted and ATC simulation are planned for
the near future.

Concluding Remarks

The terminal-area traffic management system
proposed in this paper performs two major func­
tions that operate in sequence. One function
establishes the landing order and assigns landing
times for all aircraft scheduled to land. The
second generates control commands that cause air­
craft to achieve their landing times accurately.
Two algorithms, one designed for onboard, the
other for ground-based computer implementation,
were derived for generating the necessary control
commands. Time-control commands generated by
the ground system must be transformed into a com­
pact form that minimizes the information trans­
ferred between controller and pilot. The speed
advisory system described in this paper shows
promise as an effective method of time-control
for unequipped aircraft.
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