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ABSTRACT

In the past few years, GPS has proven itself as an effective source of time space position information
(TSPI) data for air vehicles.  Currently, GPS truth systems are used to track aircraft ranging from low
dynamic vehicles to high dynamic fighters.  However, low-cost GPS TSPI instrumentation is not
currently available for stores and weapons delivered by air vehicles.  To date, data is collected by
tracking dropped items using radar or optical means.  This process is costly and time consuming.

The purpose of this project is to leverage the recent advances in micro-electromechanical systems
(MEMS) technology to develop a subminiature, inexpensive, low power, disposable telemetry-
transmitting package.  The purpose of this transmitting package is to up-link the GPS positional data
from the weapon or store to the host aircraft.  This data is then retransmitted by the host aircraft to a
ground station and/or recorded on board for post processing.  The transmission of the data to the host
aircraft can provide near real- time position data for the released object.  The transmitting package must
have a unique identification method for application in tracking multiple objects.  Since most of the
systems used in weapons testing will be destroyed, it is extremely important to keep the development
and maintenance cost low.  In addition, the package must be non-intrusive to avoid any significant
modification to the weapon and to facilitate quick instrumentation of the weapon for test and evaluation.
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INTRODUCTION

As advances are made in the micro-electromechanical systems (MEMS) technology the realization of
creating a low cost subminiature, GPS time-space-position-information (TSPI) system is becoming more
of a reality then ever.  With advances in other technological areas such as unmanned aerospace vehicles
and weapons system, the need for an accurate subminiature GPS TSPI system is more consequential
then ever.  One such area is tracking the trajectory of objects released by aircraft in flight.  Present
means of tracking these objects include the use of radar and optical means.  Unfortunately, radar
accuracy is inferior by today’s criterion.  Optical tracking methods provide much better accuracy than
radar but are labor intensive, making them less cost effective.  The main goal of this project is to create a
low cost non-intrusive GPS telemetry system with a high level of accuracy.  In the past few years, GPS
has proven itself as one of the more accurate and cost effective methods of tracking objects both in the
commercial and military world.  It is common to use GPS to track vehicles and in some cases people on
the battlefield or in a test environment.  However, the tracking of objects released from aircraft requires
breakthroughs in development of GPS systems. Current GPS units capable of the levels of accuracy
needed for this mission are too large or too expensive.  There still remains a significant gap between size
and accuracy that needs to be filled.

SYSTEM DESCRIPTION

The GPS/TSPI system being developed by this project consists of six separate components; GPS
receiver, GPS antenna, transceiver, power supply, IMU and UHF antenna.  The first and most obvious
component of the GPS/TSPI system is a subminiature GPS receiver/antenna, also known as smart
antennas.  The smart antenna will be capable of fast acquisition, integration with an inertial
measurement unit (IMU), and carrier phase differential GPS.  Also, the unit could be mounted on a
circuit card assembly (CCA), making it versatile and adaptable to different environments.  This will
allow the smart antenna to be used in conjunction with the other components or as a stand-alone unit.
The next component in the GPS/TSPI system is the transceiver.  The transceiver will upload the TSPI
data to the host aircraft or to a ground station where the data will be used to display the position of the
drop or record it for post processing.  This feature will allow GPS Method One or Method Three
processing capabilities.  A typical scenario is shown in Figure 1.
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Figure 1: Typical GPS/Telemetry scenario



In order to overcome data loss from packet collisions the transceiver modules will be working in a
TDMA or equivalent mode.  This will allow multiple targets to be tracked by one host aircraft.  Once the
data has reached the host aircraft it is recorded on board and retransmitted down to a ground station.  By
doing this the data can be viewed in real time (Method One) or in a post-processing format (Method
Three).  This method also reduces the chances of lost data points.  The data rate at which the GPS/TSPI
system will operate is dependent on the number of targets being tracked and the transceiver message
rate.  A message rate of greater then ten-hertz for three or four targets is expected for this system.  In
addition, the unit will house the UHF antenna and power supply for the GPS/TSPI system. In order to
achieve the high demands put forth by this program it has been split into two portions, first generation,
and second generation.  The goals of the first generation GPS/telemetry is to develop a system that can
be outfitted inside a bomb dummy unit (BDU)33.  The size constrains for this portion of the
development is not nearly as stringent as those for the second generation.  As a matter of fact most
commercial off the shelf GPS receivers and telemetry systems will meet the requirements set forth by
this portion of the test.  The two main obstacles that must be overcome in the first generation
GPS/telemetry are tracking multiple drops at high data rates, and providing GPS track from point of
drop to point of impact.  Obviously, the first obstacle (tracking multiple drops), the problem lies in
identifying the different drops and preventing or minimizing data packet collisions.  It is common
practice for a B-52 or a B-1 to drop hundreds of BDU 33 with a single pass, which brings us to the next
obstacle.  The drops and stores are often blocked from receiving free air GPS satellite signals.  This is a
major concern when most drops reach the target in less than 30 seconds.  This clearly does not allow
enough time for the GPS receiver to achieve a lock and produce a solution from point of release to point
of impact.  The project is currently addressing these two obstacles.

Under the second-generation development, the goals of the first generation will be kept and the
GPS/telemetry system will be shrunk down to a subminiature level.  The unit, currently refereed to as a
“bandage GPS system”, will be mounted on virtually any platform externally.  The project is currently
leveraging on micro-electromechanical systems (MEMS) technology to achieve its strict size
requirements.  The two stages are being worked simultaneously.  Small Business Innovative Research
(SBIR) projects are currently being used to push the subminiature technology.  The IMU for this unit is
currently being developed in an Air Force Phase II SBIR project with “Waddan Systems”. The IMU is a
low cost high-performance navigation quality inertial measurement unit (IMU).  The IMU used for the
INS is essentially a triad of three bulk micro-machined silicon sensors.  Currently a PCI format is being
utilized for mounting the IMU.  Figures 2 shows the IMU configuration into a PCI board, and figure 3
shows the relative size of the IMU.

Figure 3: A packaging scheme for IMU
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Figure 2: Waddan Systems’ cPCI IMU Board Layout



In addition to the telemetry problem discussed earlier, developing a power supply for the transceiver to
meet the size and cost required set by this project is a challenge in itself.  Cleveland Medical Devices
currently has another SBIR in the works, which addresses the telemetry and power challenges.

COST

In order to make the GPS/TSPI system effective, the cost of the unit must be relatively low for both the
first and second generation GPS/telemetry systems.  The need for the low cost is not only driven by the
fact that the store or drops may be destroyed.  It is also being driven by the fact that the versatility of the
unit will entice more units being purchased than the average GPS system.  Initial cost estimates of the
unit show that the price per unit should not exceed $4,000.  Table 1 shows the estimated price for each
component.  The most costly components of the unit are the IMU and the transceiver, accounting for
more than half of the unit price.  It is estimated that once the units have been developed and large
numbers are produced, the price of each unit will drop significantly.

Component Estimated price
GPS/GPS antenna $500
Transceiver $700
power supply $200
IMU $1,500
UHF antenna $200

Table 1.  Estimated price of separate components

APPROACH

Current technology restricts the size of the GPS system to a 5 in. by 5 in. by 8 in. box.  This is much too
large for our proposed system.  The overall system that meets the requirements of the proposed system
does not yet exist.  However, two current SBIR projects could provide the subsystems required to
upgrade the current system.  One is the Modular Affordable GPS INS (MAGI).  It is currently an Air
Force Phase II SBIR project with “Waddan Systems”.  The GPS/IMU component of the MAGI meets
the size requirements, but its cost is over the estimated cost.  The other SBIR project is handled by
Cleveland Medical, which is developing a transceiver, an UHF antenna, and a power supply.  Once these
subsystems are available, they will be integrated into the proposed system.  In addition, an SBIR
solicitation for FY01 is put forth to develop a miniature GPS telemetry system that would fit in a Bomb
Dummy Unit (BDU) 33.  If this SBIR is successful, its technology development can be transferred and
applied to the proposed system.



APPLICATIONS/CONCLUSION

The capability of an object tracking itself and reporting its position to a ground station is a valuable tool
to the test and evaluation community.  This capability would allow the stores, such as free fall
munitions, fuel tanks, cargo pallets, etc., to be tracked from release to point of impact.  For the war
fighter, the capability could be incorporated into a weapon system to tell the pilot whether the weapons
hit or miss target for battle damage assessment.  Commercially, the proposed system could be applied to
systems for locating vehicles, ships, and people.  In addition, the commercialization of this technology
has great potential and miniature GPS equipment is currently being used to develop a watch based GPS
unit for easy carrying and use in several commercial applications.

REFERENCES

J. M. Cullen, and Ed. Keller, “Subminiature Telemetry for Multiple Munitions (Technology
Transition)”, Proceeding of the 1995 International Telemetry Conference, Volume XXXI, 58-65, Las
Vegas, NV, 30 Oct-2 Nov 95.

William R. Thursby, Jr, and Benjamin M. Shirley, “Low Cost Subminiature telemetry Spread Spectrum
Technology Demonstration/Validation”, Proceeding of the 1995 International Telemetry Conference,
Volume XXXI, 74-78, Las Vegas, NV, 30 Oct-2 Nov 95.

Dr. Mahendra Singh, Stuart McNamee, and Allen Khosrowabadi, “Modular Affordable GPS/INS
(MAGI),” Proceeding of the 1999 International Telemetry Conference, Volume XXXV, 751-763, Las
Vegas, NV, 25-28 Oct 99.




