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ABSTRACT

FAA is currently evaluating DGPS based CAT III Landing Systems for use as the next
generation commercial aviation landing system standard. Any technique to validate such a
DGPS based system must have at least equivalent accuracy. A laser position tracking
system coupled with a high performance real-time computational capability was developed
providing real-time analysis of performance. This real-time performance measurement
system was key in enabling the quick completion of a large number of test approach and
landings needed to achieve statistically accurate results.
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INTRODUCTION

The FAA has been evaluating DGPS Landing guidance systems as the next generation
alternative to the Instrument Landing System. Aircraft guidance requirements for CAT III
auto-landing as specified by FAA advisory for autolanding present the most critical
challenge to guidance systems.  In October of 1994 a Stanford University DGPS system
was flown on an United Airlines 737 aircraft and its performance was compared to
Measures of Success as specified in the FAA CAT III Level 2 Flight Test plan.  For these
tests it was necessary to have position measurements to be used as the truth data for
evaluation of the new guidance concept.



A laser tracker was selected as the means of determining position because of its accuracy
and immunity to multi-path effects. Real time graphics display of CAT III limits of
operation were a key factor in providing the program a quick assessment of the equipment
validity and test results. Data for 100 approaches were completed within a week to allow
the user to quickly derive a statistical data base to evaluate the test results.

Flight Test

The United Airlines 737 Aircraft was equipped with a DGPS guidance system that
provided the quidance to make 3 degree glidepath autolandings. The support requirement
was to provide precision position data to be used as the truth data in the evaluation of the
guidance system. The aircraft made the approaches following a race track pattern to the
active runway as shown in Figure 1.  The data requirement was to track the aircraft on
final at 5 nm on glideslope intercept to touchdown. Primary requirements were to
determine how well the aircraft stayed on the glidepath and measure the touchdown
dispersion.

Laser tracker

The tracking system at the NASA Flight Facility in the California Central Valley consisted
of a Nike Hercules monopulse X-band radar combined with a Laser tracker. For this
evaluation test only the laser tracker was used and was augmented with wide angle video
for acquisition and visual tracking.

A retroreflector was mounted on the aircraft for tracking and defined a specific track point
on the aircraft to which measurements could be referenced.

The accuracy of the laser tracker based on static surveyed calibration points is 1 ft (1
sigma) in range and 0.2 mr(1 sigma) in azimuth and elevation. These values are based on
taking 500 data samples from each calibration target when the system is in the autotrack
mode.

To validate the tracking performance during the duration of the flight test period track data
of a surveyed target located in the same direction as approach path of the aircraft was
taken at the end of each approach as the aircraft was on its return leg to begin the next
approach. This data was then used to correct any deviations that might occur during the
test period .



Data Acquisition and Processing:

The data acquisition and processing configuration is shown in Figure 2.
Aircraft laser position, Irig A time, and weather information were combined into a single
pcm stream at a 100 samples/second data rate for each approach and landing of the
United Airlines 737. Performance was measured by the degree of conformance to flight
path specified by the FAA CAT III Level 2 Flight Test plan. Real-time evaluation of each
test was completed prior to initiation of the next test run to optimally complete the
required testing. A multiple cpu (Sparc risc, Motorola 68040) parallel-computing engine
was used providing concurrent, multi-task processing to acquire, format, and transform
from tracker polar coordinates to xyz runway coordinates. Use of parallel processing
enabled a low cost, scalable computing power which assured maintaining real-time
currency with the 100-samples/second flow of data as well as functioning as a data server.

For the CAT IIIA autoland evaluation a special graphic display was generated . This
display showed the location of the aircraft relative to the prescribed vertical and horizontal
path and the associated acceptable limits of operation. The touchdown dispersion
specified by the FAA AC 20-57A of +/- 27 ft lateral and 1500 ft longitudinal was also
graphically presented.  The limits of aircraft position relative to the prescribed path must
be met for at least 95% of the time under specific wind direction and magnitude so these
weather parameters were displayed with the track data. The user could instantly determine
the quality of the approach and assess the state of the quidance system. With the graphic
display analysis it was possible for the user to foresee a trend as the number of
approaches accumulated that the guidance system was successful .  The large number of
approaches (100 +) were necessary to ensure a statistically significant results.

Summary:

The laser tracker measurement of aircraft position for the DGPS program and multiple
cpu processing capability made a significant contribution in the successful evaluation of
the CAT III autolanding guidance system.  The laser track data was accurately presented
and provided the user with the data acquisition and display system needed to effectively
run the program. Over 100 data runs were completed in a 3.5 days.
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Figure 2 Parallel Telemetry Acquisition and Processing System (PTAPS)
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