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THE McDONNELL AIRCRAFT TELEMETRY TRACKING
SYSTEM AT EDWARDS AIR FORCE BASE, CA.

J. L. HANEY AND C. O. HILGARTH
McDONNELL AIRCRAFT COMPANY

ST. LOUIS, MO.

ABSTRACT

McDonnell Aircraft Company recently completed installation of a telemetry tracking
system at their Edwards Air Force Base, CA flight test facility. A discussion of the
planning, specifications, acquisition, installation, operation, as well as observations and
comments about the system is presented from a user’s perspective.

INTRODUCTION

McDonnell Aircraft’s telemetry tracking system at Edwards Air Force Base, CA provided
essential support in the conduct of F-4, F-15 and AV-8B aircraft flight test programs. In
1982 however, changes and improvements to this system came under consideration. At
this time, Air Force Flight Test Center regulations, the state of the art of telemetry tracking
system technology, and the need to track more maneuverable aircraft caused us to begin a
study to upgrade our system.

CONDITION OF EXISTING SYSTEM

We began by assessing the capability of our Edwards telemetry system, comprised of two
horn antennas mounted on masts on the roof of the hangar we occupied, and a control
console located in our flight monitoring station in the building. The system had operational
problems, equipment deficiencies, signal drop-out situations, and null points. We found
that a large measure of our success in tracking manuevering aircraft was dependent on the
expertise of our telemetry ground station personnel and their knowledge of local flight
patterns and operations. They were able to obtain maximum performance out of minimum
equipment. Their comments and suggestions regarding the capability of any telemetry
tracking system installation were especially valuable in the areas of tracking capability,
ease of operation, and maintenance.

The impact of new high performance aircraft on our tracking requirements was also
assessed, as well as the state of telemetry tracking system technology.



We quickly established that our Edwards system was obsolete, and due to the age of its
equipment and antenna installation geometry, could not be economically upgraded. The
use of Douglas Aircraft’s Frost Peak tracking station in concert with our Edwards facility
was also investigated. We found, however, Frost Peak unable to effectively track aircraft
over Edwards at altitudes between 2432-2736m (8000 - 9000 ft) due to null situations or
below 912m (3000 ft) due to multipath. This limited the use of Frost Peak to special
situations where their look angle was better than McDonnell Aircraft’s, or line of sight
obstructions blocked our antennas.

NEW SYSTEM SPECIFICATION

At this point, we concluded that a new telemetry reception antenna system was the only
practical solution. From our study, we prepared a specification (Figure 1) for a telemetry
tracking system with a dish type receiving antenna, control equipment, and accessories to
automatically track maneuvering aircraft in azimuth and elevation. Reception capability
was specified as 1435 - 2400 MHz (L-Band). The system would be capable of receiving
telemetry from airborne systems radiating as little as 5 watts while the target was flying
and maneuvering at ranges to 278 km (150 nautical miles) and altitudes to 15,200 m
(50,000 ft). We submitted a request to fund the system on McDonnell Aircraft’s 1983
capital asset budget along with a recommendation regarding source selection based on an
engineering and cost evaluation of proposals submitted by various prospective suppliers.

Our request was approved July, 1983. Electro Magnetic Processes, Inc. was awarded the
purchase order August, 1983. It took a bit over a year to design, assemble, install and
check out the system.

SYSTEM FEATURES

The basic system purchased included a 2.43 m (8 ft) dish antenna equipped with
RADSCAN tracking feed, an ACU-6 antenna control unit, slip rings, rotary joints, filters,
pre-amplifiers, and cabling. The system has a tracking velocity of 30 deg/sec.

As an option to the system configuration, we decided to include additional cabling, slip
rings, and bracketry necessary for the future installation and operation of a television
camera as a tracking aid for the system operator and a visual reference for the test director.
Our decision was based on a cost analysis to retrofit this capability. It proved wise, since
we subsequently purchased and installed a television monitoring system with range time
annotation.



A self test antenna to calibrate our telemetry receivers and verify antenna feed operation
prior to daily operation was another option we included.

To track close-in targets, a sidelobe reference antenna was the final option.

SPECIAL CAPABILITIES

Prior to finalizing the tracking system configuration, we discussed several operational
scenarios that could be encountered with our new system. Two items caused concern:
failure of the ACU-6 controller, and tracking an overhead pass.

Failure of the ACU-6 controller during a flight could cause the loss of a test, necessitating
a re-fly with its attendant cost and scheduling problems. The solution was to add the
capability of joy-stick control of the antenna and pedestal through a by-pass antenna
control panel connected to the ACU-6 antenna control unit. During normal operation, the
by-pass panel is not activated, however, the operator can press the joy-stick thumb switch
and slew either or both the axes of the pedestal, relying only on DC voltages supplied by
the ACU-6. Through this technique the digital servoloop of the ACU-6 is bypassed for
normal and soft failure modes. In the event of catastrophic ACU-6 failure, the by-pass
control is activated, and the operator can control the antenna directly with the joy-stick.
The by-pass control contains all the power supplies for this mode of operation. Through
this mechanism, the ACU-6 antenna control unit can also be removed from the equipment
rack for servicing without shutting down the system.

Tracking an overhead pass became of interest in light of our experience trying to track high
altitude supersonic flights of F-15’s and near supersonic flights of AV-8B’s flying patterns.
We discussed at length an algorithm proposed by Electro Magnetic Processes that would
be designed to cause the antenna to either plunge through or slew around the singularity
point, and automatically reacquire the autotrack mode of operation. McDonnell Aircraft
flight test engineering provided data regarding these flights. Analysis revealed that with 30
deg/sec azimuth tracking rate capability of our system, an overhead pass circuit is required
if the aircraft flies within a 3.33 km (1.8 nautical mile) diameter cylinder centered over the
telemetry tracking system. While the cylinder diameter becomes proportionally smaller as
the aircraft flies higher and/or slower, its minimum diameter is limited to 0.94 km (0.51
nautical mile) which corresponds to the “keyhole” of the tracking system.

Since McDonnell Aircraft purchased a system with the ACU-6 antenna control unit and
the sidelobe reference antenna option, Electro Magnetic Processes solved the overhead
pass problem by developing additional software and parameters monitoring circuitry. The
algorithm:



• predicts the trajectory of the test vehicle (straight line flight and constant velocity
assumed)

• decides when to leave the auto track mode and switch to the high speed slew mode
and sidelobe reference antenna, and

• decides where to slew the antenna and when to start the auto-acquire process leading
to the auto track mode of operation.

The final added feature was to have the elevation and azimuth drive gears plated to reduce
the play of the mechanical movement for the television camera installation.

A schematic representation of the telemetry tracking system is presented in Figure 2.

INSTALLATION AND OPERATION

The two-axis, automatic tracking antenna system was installed on the peak of the roof of
Building 1881 at Edwards Air Force Base. McDonnell Douglas did a site survey,
consulted with telemetry operations, and studied the existing building structure. With the
approval of USAF civil engineering, a platform was designed, fabricated, and installed
positioning the antenna approximately 27m (90 ft) above ground level and 9m (30 ft) from
the edge of the building. The pedestal assembly includes a 1.2m (48-in) riser extension that
places the antenna high enough to clear obstacles on the roof, except for two 6m (20 ft)
metal tri-towers and a 3m (10 ft) diameter microwave antenna.

To date, no problems have been experienced with this installation. The antenna system
routinely tracks, with no loss, through the aforementioned obstacles. The !5 degree
depression capability of the antenna system is sufficient to allow line of sight of an aircraft
as it taxies to the runway and through take-off.

Low angle tracking has been excellent. Numerous lake bed touch-and-goes have been
tracked with no loss, as have other low level missions at greater distances. It is felt that
this performance can be attributed to the nominally 22dB sidelobe levels of the
RADSCAN system and the use of the multipath clipping feature of the ACU-6
microprocessor-based antenna control unit. When enabled, the multipath clipping function
inhibits downward movement of the elevation axis below an operator programmable angle
and slows the response of the elevation servo.

The antenna system has also been most impressive while tracking high angle of attack
missions. During these missions, the test vehicle often shows the antenna system many
rapidly changing aspect angles. To date, no loss of track have ever occurred.



During a recent ferry flight, a test vehicle was auto-tracked out to approximately 425 km
(230 nautical miles). This vehicle was configured with two stub blade antennas having
vertical polarization, radiating 4.5 watts each.

The overhead pass algorithm has not been initiated as yet during actual vehicle testing.
However, three test passes were flown and the overhead pass mode worked. Unlike a
plunge mode, the overhead pass mode keeps the antenna upright. This prevents an inverted
image from the video camera mounted on the antenna.

Operation of the ACU-6 by-pass control was verified shortly after we completed
installation of the antenna. McDonnell Aircraft elected to take delivery of the system
without the ACU-6 antenna control unit so Electro Magnetic Processes could complete
testing of the overhead pass software at their facility. This required that we achieve our
initial operational tracking capability through the by-pass control and joy-stick. We
operated in this manner for several weeks and verified the soundness of providing this
additional control capability.

The functions of the ACU-6 microprocessor based antenna control unit are numerous.
However, time required to train operators is minimal. A thorough reading of the instruction
manual, a demonstration of all the functions, and a sidesaddle flight with an experienced
operator is all the formal training generally needed. This does assume that the trainee is
familiar with the test vehicles and range environment prior to exposure to the ACU-6. This
prior knowledge is useful in deriving the most out of ACU-6 functions such as multipath
clipping enable, rate memory, and position memory.

There are far too many other useful functions of the ACU-6 to mention in this presentation.
However, one that is enjoyed by the operators, that is not associated with auto tracking, is
the immediate designate mode. This function allows the antenna to be instantly
commanded to operate pre-programmed coordinate angles such as antenna stow position,
boresight towers, “last chance”, and other intercept points.

At the time of this writing, the antenna system has been in operation for ten months. Due
to the customization of the system for McDonnell Aircraft, some problems were
discovered during start up. Electro Magnetic Processes quickly diagnosed and corrected
these problems. Only one general maintenance problem has occurred and was corrected in
a timely manner by McDonnell Aircraft.



CONCLUSION

The telemetry tracking antenna system provides an important capability at McDonnell
Aircraft’s Edwards Air Force Base flight test facility. The system represents the results of
extensive study, practical telemetry operating experience, and advances in technology and
performance. We believe that the requirement to provide this capability has been satisfied.
This system will fulfill McDonnell Aircraft’s needs well into the future.
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FIGURE 1  MCDONNELL AIRCRAFT TELEMETRY TRACKING SYSTEM
SPECIFICATIONS

• OFF-THE-SHELF EQUIPMENT AND HARDWARE WHERE POSSIBLE

• OPERATING PARAMETERS

FREQUENCY BAND - 1435 to 2400 MHz

DATA BANDWIDTH - BASEBAND PCM, 5 MEGABITS NRZ OR 5 MHz
BLACK & WHITE VIDEO

DIVERSITY - LEFT & RIGHT HAND CIRCULAR
POLARIZATION

LOCATION - AT PEAK OF 27m (90 ft) BUILDING LOCATED,
608m (2000 ft) ABOVE MEAN SEA LEVEL

RECEIVERS - MICRODYNE 1100 AR SUPPLIED BY
MCDONNELL AIRCRAFT

• TARGET TRANSMITTING SYSTEM

UPPER ANTENNA - CROSSED SLOT, LEFT CIRCULAR
POLARIZATION

LOWER ANTENNA - QUARTER WAVE STUB VERTICALLY
POLARIZED

TRANSMITTER POWER - 5 WATTS TO EACH ANTENNA

• SYSTEM PERFORMANCE

DELIVER C/N OF +24dB WHEN RECEIVING SIGNAL FROM TARGET
MANEUVERING AT ALTITUDE TO 15,200m
(50,000 ft) AND RANGE TO 278km (150
NAUTICAL MILES)

AZIMUTH TRAVEL - 360 DEGREES CONTINUOUS, BI-DIRECTIONAL

ELEVATION TRAVEL - 180 DEGREES CONTINUOUS, BI-DIRECTIONAL

TRACKING VELOCITY - 15 DEGREES/SECOND MINIMUM



MINIMUM TRACKING CAPABILITY - MANUAL SIGNAL ACQUISITION,
AUTOTRACK THEREAFTER, MEMORY TRACK,
SEARCH MODE, MULTIPATH CLIPPING
FUNCTION

VIDEO CAMERA RETROFIT CAPABILITY

• OPERATING ENVIRONMENT

TEMPERATURE - 35EC to +65EC

HUMIDITY - TO 100%RH INCLUDING CONDENSATION

WIND - TO 80km/hr (50 mph) OPERATIONAL, 240km/hr
(150 mph) STOW

MISCELLANEOUS - SAND, DUST, SALT SPRAY AS EXPERIENCED
AT TYPICAL SITES WITHIN THE
CONTINENTAL UNITED STATES, IN
PARTICULAR THE MOJAVE DESERT

A PROTECTIVE DOME, IF COST EFFECTIVE



 FIGURE 2


