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ABSTRACT

Optical trackers are often used at the Air Force Flight Test Center (AFFTC) and at other
Department of Defense (DoD) ranges to collect video and trajectory data for real-time
display and postflight processing. When optical trackers are used in remote areas,
pointing data from radar is utilized to enable the trackers to initially acquire targets. To
enable the trackers to use radar-pointing data, offsets to true north must first be known.
This offset is taken into account given the current position of the optical tracker. During
postflight processing, when determining the trajectory of the target, the offsets are also
taken into account to produce an accurate trajectory solution. Current methods of
determining offsets to true north are time consuming and involve a lot of guesswork.
Typically, a map and a known landmark are used to determine the offsets to true north.
Another method is to look for the North Star (Polaris) and input an estimated offset. This
paper will describe an inexpensive, stand-alone system that utilizes the Global
Positioning System (GPS) to determine these offsets. This device may be modified and
integrated with other systems that may need to point accurately. For example, a gun
barrel on a tank may need to point accurately to within a degree. This device may also be
used to accurately position telemetry antennas.
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INTRODUCTION

Today’s ever expanding mission requirements continuously stretch the capabilities of
Test Range support systems. One of the ways they do this is by requiring a larger
geographical area to test new and existing weapon systems. As the test area gets larger,
Range support systems must adapt and expand their coverage to document these test
events. Typically, this means moving these Range support systems to remote
geographical areas. For clarity, Range support systems are assets required to support
missions locally at the AFFTC and at remote geographical areas. The most common



Range asset used to support the testing of weapon systems is the optical tracker. An
optical tracker consists of a tracking mount, infrared and color cameras, fixed focal
length and zoom lenses, communication equipment and other equipment required to
support the collection of visual data for real-time and postflight evaluation.

To support a mission, an optical tracker must first acquire the target and then optically
track the target until the end of the mission. To acquire a target, the tracker operator
would visually acquire the target and engage the optical tracker. The operator’s task
would then be to keep the target centered in the tracking scope (See Figure 1).

Figure 1 - Operational Scenario

Acquisition of targets can also be done with assistance from a tracking radar. Data
coming from radar is commonly referred to as ‘acquisition data.’ Acquisition data can be
used to point the optical tracker in the direction of the target. The intent is to use the
acquisition data to point the optical tracker close enough so that the target is acquired
visually by the operator or is within the field of view of the tracking camera. When a
target is visually lost while tracking, acquisition data is used to easily reacquire the target.
To use acquisition data, every time an optical tracker pedestal is moved, the new position
will have to be surveyed. Using a GPS receiver can easily do this. This information is
entered into a device called a Site Interface Unit (SIU) which translates and rotates the
acquisition data based on the optical tracker’s location.

Since acquisition data is referenced to true north, optical trackers need to be oriented to
true north as well. Referencing to true north allows the optical tracker to point to the
target by translating and rotating acquisition data based on the optical tracker's location.
Overall, the utilization of acquisition data requires that the location of the optical tracker
and the true north offset be known. With these two pieces of information, acquisition data
can be used to acquire targets.
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CHALLENGE

The current challenge with using acquisition data is knowing what the true north offset is
(see Figure 2). Typically, the true north offset is determined using a map and a known
landmark. This, however, becomes difficult when the optical tracker is moved to remote
geographical locations where there are no known landmarks. Solutions may already exist.
However, our operators continue to struggle with setting up optical trackers. Current
methods used to determine the offset to true north are time consuming and inaccurate.

     Figure 2 - True North Determination

CURRENT METHODS

The methods used are different depending on the system used. For manual optical
trackers, a map and a known landmark are used to obtain the offset. If well known
landmarks are not available, the North Star (Polaris) is used to estimate the offset. This is
time consuming since operators would have to wait until Polaris is visible. If it happened
to be a cloudy night then finding Polaris would also be next to impossible.

PROPOSED METHOD

The method proposed would need to eliminate time-consuming steps and simplify the
process of determining the true north offset. It would also be advantageous to the optical
tracker operator if determining the location of the tracker, and its offset to true north,
were done using an inexpensive portable unit.

The optical tracker operators would prefer a unit that is integrated into the tracking mount
since this simplifies the whole setup process. However, due to budget constraints, an
inexpensive portable unit will suffice. The portable unit should be a handheld device that
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is lightweight and rugged. The unit should also be accurate enough to allow targets to be
acquired within the field-of-view of the optical tracker’s acquisition camera.

POSSIBLE METHODS

Magnetic Compass
This device points to magnetic north. To determine true north, the location of the optical
tracker must be known and then looked up on the map to determine the deviation from
magnetic north to true north. This type of compass is also available in a more
sophisticated electronic unit. These direct sensing compasses are frequently claimed to be
far superior to ‘old fashioned’ fluid compasses. In fact, electronic compasses have been
in use for over 70 years and their limitations are well known to compass experts. They
are in common use today, mainly because they are less expensive to manufacture than the
conventional fluid-filled compass with its floated card, magnets, pivots, jewels, and
sealing system.

Flux Gate Compass
The flux gate consists of a field sensor, usually an inductor, mounted to a gimbaled
platform that is intended to sense the horizontal component of the earth's magnetic field.
A few electronic compass manufacturers fill their compass sensor with heavy oil to
dampen the gimbal action and minimize vertical field errors. Others resort to electronic
damping or more sophisticated signal processing but the end result is roughly the same.
This type of compass typically will not work in high temperature environments. Also,
similar to the magnetic compass, this device is sensitive to surrounding magnetic objects.

Gyrocompass
This is a navigational device in which the interaction of a gyroscope’s angular
momentum with the force produced by the earth’s rotation maintains a north-south
orientation of the gyroscopic spin axis, thereby providing a stable directional reference.
Unfortunately, the cost of the gyrocompass precludes its use and the units are usually
bulky.

Global Positioning System
This type of system is readily available from several commercial vendors but is more
expensive and is less available if one looks for units that are rugged or have a wide
temperature range.

REQUIRED SYSTEM DESIGN

The device required needs to be handheld to make it easy to carry. It has to be rugged
since it will be in desert environments where temperatures are typically over 100 degrees
Fahrenheit. This unit will be exposed to blowing sand and might be dropped occasionally



by its operators. This unit may also be used by the coast and will be exposed to air with a
high salt content. This unit may also be subjected to cold temperatures around 0 degrees
Fahrenheit. It would be beneficial to have an inexpensive unit that is easy to use to
accommodate optical tracker operators with diverse backgrounds.

OPERATIONAL SCENARIO

An optical tracker will be moved to a remote site and will be used to collect the video
data of a target. A GPS receiver is used to survey the optical tracking mount and the
coordinates are entered into the SIU. The true north offset is determined and entered into
the SIU as well. The SIU can now translate and rotate acquisition data based on the new
location.

Another scenario would be for a remote satellite communications terminal. The user sets
up a satellite communications terminal at a remote site and needs to accurately point the
antenna to a satellite. This device may be a modified version of the Self-Orienting and
Locating Unit to allow the user to position the antenna.

POSSIBLE GPS-BASED CONFIGURATIONS

After numerous discussions with GPS experts, it was suggested that a handheld GPS
receiver with the ability to take waypoints might provide a solution to the challenges
described above. The Rockwell Precision Lightweight GPS Receiver (PLGR) has the
capability to do this. The PLGR is a five-channel differential GPS receiver that weighs
less than 3 pounds, has built-in or remote antenna capability and uses RS-232 and RS-
422 data ports.
A good unit that was investigated is the Trimble Advanced Navigation Sensor (TANS)
Vector GPS Attitude System. The TANS Vector System is a four-antenna sensor that
provides three-axis orientation (pitch, roll, and azimuth) of an object, as well as three-
dimensional position, velocity, and time. The system requires no attitude or position
initialization, tracks up to six satellites, and its hardware, display data, and record
solutions may be controlled and calibrated with its own PC-based program. This TANS
Vector System is technically capable of providing the desired information. However, the
cost of the unit prevents this solution from being a viable one since the requirements call
for a low cost system.

ViaSat, Inc. proposed a solution (See Figure 3) where a system would be integrated into
an automated tracking receiver. This unit is accurate to approximately 1/2 degree, and
also determines attitude (tilt). The system speed is determined by GPS acquisition time,
which is approximately 2 to 5 minutes. The GPS and compass are rugged, commercial
off-the-shelf, original equipment manufacturer components with a cost of approximately
$1,000 in parts. To integrate with a controller and display (and/or serial I/O to SIU)



             Figure 3 - ViaSat Solution

would result in a unit roughly $2,000 in total cost, depending on the volume or quantity
ordered. The International Geomagnetic Reference Field (IGRF) model is a description of
the magnetic declination based on latitude/longitude data.

Another possible configuration is a unit similar to SRI International’s Deployable Force-
on-Force Instrumented Range System (DFIRST). DFIRST is being utilized by the United
States Army to determine gun barrel orientation on the M1A1 tank. This device is a GPS
receiver equipped with two antennas one meter apart. The relative positions of the two
antennas are obtained and a vector is derived.

From this vector, true north can be determined. This device needs to be interfaced to a
laptop or a handheld computer for display purposes. The GPS receiver is a Course
Acquisition (C/A) code receiver making the unit inexpensive. It is expected that the cost
of this configuration would be anywhere between $1,000 to $2,000.
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EXPERIMENTS CONDUCTED

An experiment was conducted using the PLGR GPS receiver. Two waypoints along the
same vector were measured 30 feet from each other. However, it was soon discovered
that based on the accuracy of this particular PLGR, the two waypoints needed to be at
least 2,000 feet from each other just to stay outside each waypoint's margin of error. An
alternate technique to consider, assuming costs will continue to decline in the future,
would be to have two technicians simultaneously obtain waypoint measurements. This
could be done through bore sighting methods to obtain the required distance along the
same vector. The key is to have each technician hold a GPS receiver in one hand while
holding a radio in the other hand. This way both technicians can communicate with each
other in order to take measurements simultaneously.

CONCLUSIONS AND RECOMMENDATIONS

Clearly, current methods of determining offsets to true north are unacceptably time
consuming, inefficient, and involve a lot of guesswork. This paper offers several
alternatives in quickly determining offsets to true north. This system should be an
affordable handheld device that can be placed on top of a tracking mount to quickly
obtain the desired data. In the long term, it is recommended to look into integrating this
unit onto the optical tracker trailer and for the unit to perhaps have a leveling capability
as well.

ACKNOWLEDGMENTS

The authors wish to thank Mr. Rodney Bennett of TYBRIN Corporation and Mr. Terry
Powell for their support and contributions to the GPS solutions and field experimentation.
The authors would also like to thank Dr. Chuck Pateros and Dr. Alan Del Tredici of
ViaSat, Inc. for their design input and support during our visit to their facilities.

Rodney Bennett
TYBRIN Corporation
306 E Popson Ave
Edwards AFB CA 93524-6680
Tel: (805) 277-3294

Terry Powell
Range Engineering
306 E Popson Ave
Edwards AFB CA 93524-6680
Tel: (805) 277-6120


