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ABSTRACT 
  

Joint Advanced Missile Instrumentation (JAMI), a Central Test and Evaluation Investment 
Program (CTEIP) initiative, is developing advanced telemetry system components that can be 
used in an integrated instrumentation package for tri-service small missile test and training 
applications.  JAMI demonstrated significant improvement in the performance of low-cost 
Global Positioning System (GPS) based Time-Space-Position Information (TSPI) tracking 
hardware that can be used for world-wide test and training.  Acquisition times of less than 3 
seconds from a cold start and tracking dynamics to over 60Gs were demonstrated.  The final 
production designs and flight testing results are discussed along with comparisons to the initial 
project requirements.  A discussion of integration initiatives and implementation issues are 
included. 
 

KEY WORDS 
GPS, TSPI, telemetry, flight termination 
 
 

INTRODUCTION 
 

The JAMI project was initiated in 1997 to address enhancements in missile instrumentation 
primarily through the introduction of GPS as an improved and worldwide tracking source. The 
development of sophisticated post mission processing to obtain End Game Scoring (EGS) quality 
measurements as well as enhancements to Flight Termination including a programmable Safe 
and Arm (FTSA) device and extended environment Flight Termination Receivers were included.  
 
JAMI has progressed from a concept, through demonstrated and working hardware, to an 
operational system and has been integrated onto national ranges in support of missiles and 
targets. 
 
 



BACKGROUND 
 
The JAMI system was developed under a spiral development concept in an effort to reduce risk, 
take advantage of the latest technology available, and in response to the planned project funding 
allocation.  Since the JAMI project included elements of flight safety, TSPI, multiple-band 
instrumentation antennas, and EGS, the government was designated as the system integrator to 
reduce risk.  This approach has its risk however in that the JAMI team is responsible for many of 
the milestones in supporting weapons programs. 
 
The JAMI program leveraged off technology developed under other CTEIP programs such as the 
Hardened Subminiature Telemetry and Sensor Systems (HSTSS) project for the high dynamic 
GPS concept and the IMU sensors needed for the JAMI TSPI Unit (JTU).  In addition, the JAMI 
program investigated the capability of existing flight termination receivers and identified 
shortfalls in their applications to many weapons. 
 
 

2005 PROGRESS 
 
Significant progress has been made during the past year in the areas of high dynamic GPS 
development and ground processing.  Actual flight testing of the JAMI components have 
demonstrated that the original design requirements of the project are attainable including time to 
first fix (TTFF) of the GPS tracking hardware, position and attitude accuracy, flight dynamics 
and packaging constraints.  During the past year a we have received deliveries from the contract 
was awarded for the JTU, the final GPS sensor design was delivered and tested, the safe and arm 
design was transitioned to production and an improved ground station filter was integrated.   
 
The JAMI project has some challenging technical goals covering several technologies.  The most 
challenging are shown in Table 1 and include the dynamics and acquisition time of the GPS and 
other system related requirements.  Other stringent requirements include the environmental 
vibration environment, and the production cost goals.  The JAMI TSPI requirements were 
divided into real-time (RT) and post mission (PM) processing. 
 

JAMI Design Goals Threshold Objective Demonstrated 
Results 

GPS Acquisition Time 3 sec max cold  < 1.5 sec cold 
Attitude Accuracy 5 degree (RT) 2 degree ~ 5 deg (PM) 
Velocity 1500 m/s 2000 m/s > 2500 m/s 
Acceleration 40 G 50 G > 100 G 
Jerk 400 G/s @ 100 ms  > 500 G/s @ 100 ms 
Position Accuracy 80 meters (RT) 0.5 meters < 1 meters 
Velocity Accuracy 8 m/s (RT) 0.1 m/s ~ 0.02 m/s 
Altitude 30,000 meters 60,000 meters 30,000 meters 
Participants 
(missile/target)  

Four on four   

Table 1 JAMI Design Goals 



GPS Tracking Technology-  Over two years ago, the GPS 
Sensor Unit (GSU) developed by the JAMI project 
demonstrated the capability of acquiring satellites and 
performing a first fix within 3 seconds.  The change that 
occurred during the past year was the transition of the GSU 
technology from the original contractor Ceva-DSP Ltd., to 
QinetiQ Ltd.  QinetiQ is a large contractor in the United 
Kingdom that supports all of the UK national test ranges.  
QinetiQ improved the original GSU design and reduced the 
crystal oscillator noise that was present on the RF input.  By 
doing so, the new GSU has an improved sensitivity of about 
5 dB over the original design.  The improved GSU fully 
meets the original specification requirements of acquiring 
at least 5 satellites in less than three seconds while accelerating at 50 G with a signal level at the 
input of –160 dBW. 
 
A second major improvement to the GSU technology was the implementation of a new downlink 
message.  The length of the downlink message was reduced from 980 bytes (for 12 satellites) to 
only 230 bytes.  This message is output every 64 ms for a total GPS downlink bit rate of less 
than 30 kb/s.  This message was proposed based on testing that showed the carrier phase lock 
loops were synchronized in about 3 seconds which resulted in the GPS subframe message being 
decoded in 10 to 12 seconds.  After decoding the subframe message, it was possible to fix the 
local time in the GSU to within the one-millisecond ambiguity that is unknown during the initial 
acquisition period. With the carrier phase tracking loops locked, real carrier phase measurements 
are now sampled and included in the message.  Analysis of the carrier measurements 
demonstrate that the position accuracy of the GSU can now be improved to within 0.030 meter 
using carrier phase processing at dynamics of over 30 G.  In addition, since the phase lock loops 
are now closely tracking the satellite frequency, velocity measurements have also improved to an 
accuracy of centimeters per second.  A comparison of velocity accuracies between the new and 
old message is shown in Table 2. 
 

 Old Message New Message 
 Mean error 

(m/s) 
Std Deviation 

(m/s) 
Mean error 

(m/s) 
Std Deviation 

(m/s) 
East Velocity 0.2  3.7  0.005 0.446 
North Velocity 0.4  2.6 0.014 0.625 
Vertical Velocity 0.2  9.3 0.057 0.969 

 
 
 
JAMI TSPI Unit-  The contract for the TSPI unit with Herley Industries was delayed due to the 
GSU transition from Ceva-DSP to QinetiQ.  The first integration units were delivered to JAMI in 
March 2005 and qualification testing was conducted in June and July.  The gyro bias technique 
developed resulted in typical bias stabilities of about 50 degrees/hour over the temperature range 
of –40 to + 85 Celsius.  The JTU, now available from Herley Industries as their model 6399, is 
available in two mounting configurations, is about 78 mm by 100 mm by 28 mm, and consumes 

Figure 1 GPS Sensor Unit 

Table 2. GSU Velocity Improvement 



less than 4 watts.  The JTU conditions accelerometer and angular rate data and accumulates delta 
velocity and delta theta data during the 64 ms sample period.  The accumulations are then 
combined with the GPS measurement message and output to the telemetry encoder using the 
TUMS message wrapper.  The total bit rate for the TUMS message downlink is less than 52 kb/s 
and is available as an RS-232 serial output at 230 kBaud or a 16 bit parallel output. 
 
JAMI Ground Station-  The JAMI Ground Station (JGS) supports both real-time and post 
mission data processing and analysis.  The JGS consists of a standard PC computer, processing 
software developed for the JAMI project by the range development department at Edwards, 
AFB, and up to four ground processor cards provided as part of the GSU GPS solution by Ceva-
DSP.  The cost goal for the JGS is still $12K per range including the four GSU ground processor 
cards.  The government owned data processing software should significantly reduce the range 
out-year support costs.  The JGS has already been installed and integrated into the range at Point 
Mugu and will be integrated at Tyndall, AFB in late 2005. 
 
The post mission software used for JAMI analysis is based on the Multi-Optimal Sensor 
Estimation Software (MOSES) developed for flight analysis at Edwards AFB.  The MOSES 
tools were delivered to Tyndall AFB and installed to support AMRAAM test flights scheduled 
for early 2006.   
 
The GSU operating in the sensor high dynamics mode require a ground processor card to 
complete the TSPI solution.  A contract was awarded to QinetiQ Ltd. for an improved ground 
processor card that will support two high dynamic participants per card verses the one participant 
per card of the original support design.  The new card interfaces with the JGS using RS-232 
serial interfaces but is packaged in a short format PCI card to facilitate interface into a computer 
card cage.  The ground processor cards also are available from QinetiQ in a small enclosure for 
engineering development support in testing the GSU or integrating it into a telemetry system. 
 
JAMI Test Bed-  The Test Bed Pods were developed as a means to validate the IMU signal 
processing and the complete TSPI unit functionality.  They provide real flight data to the JAMI 
Ground Station in TSPI Unit Message Structure (TUMS) format.  The Advanced Range Datalink 
System (ARDS) pods were selected as the independent tracking “Truth” source since they were 
readily available and were useful for accuracies higher than the JAMI TSPI real-time 
requirements.  ARDS has a position accuracy of about 1 meter and an attitude accuracy of better 
than 0.1 degree.  A final Test Bed flight was conducted in March 2005 to evaluate the QinetiQ 
GSU during flight.  A total of nine different passes were flown ranging from straight and level to 
aileron rolls to a Cuban 8.  The TSPI data was analyzed with both the real-time filter and the post 
mission smoother.  Attitude measurements agreed with ARDS to within 2 degrees, velocity 
within 2 m/s and position within 8 meters.  Real-time velocity errors were caused by a 
combination of the GSU doppler estimate errors or the old GSU message and by a processing 
anomaly in the real-time JGS filter.  A summary of the results is shown in Table 3 with green 
indicating that the JAMI design requirements were met. 



 
 
Unfortunately the new GSU message was not implemented in the March test bed flight and the 
improved doppler measurements were not available.  The real-time velocity errors would have 
been eliminated with the new message.  One final test bed flight is planned for late 2005 that will 
include a JTU, FTSA, and FTR with a minimal telemeter, and will be tested on a ground 
launched, unguided, Sidewinder missile.  This test will validate the JTU production design as 
well as the performance of the new GSU downlink message, the functionality of the JAMI 
qualified FTR and the FTSA in a missile flight environment.  
 
Flight Termination Component Development-  
The primary goals of the JAMI project in the area of 
flight termination technology were the development 
of a programmable Flight Termination Safe and Arm 
(FTSA) and the extended qualification of existing 
flight termination receiver hardware to the JAMI 
composite environmental levels.  The receiver delta 
qualification was completed in 2003 and resulted in 
both the Herley HFTR-60 and L-3 FRT-925 units 
successfully completing the testing. 
 Figure 2  JAMI FTSA 

 MOSES minus ARDS  RTF minus ARDS 

 Item Units Mean Sigma  Item Units Mean Sigma 
card 1 Slant Range m 1.146 0.383 Slant Range m 3.852 1.760
 Total Velocity m/s 0.183 0.081 Total Velocity m/s 2.078 1.159
 Heading deg 3.837 0.556 Heading deg 3.695 0.427
 Pitch deg 1.570 0.242 Pitch deg -1.147 0.491
 Roll deg -0.317 0.197 Roll deg -1.514 1.330
card 4 Slant Range m 4.426 2.977 Slant Range m 7.477 2.865
 Total Velocity m/s 1.244 0.762 Total Velocity m/s 28.085 19.993
 Heading deg -2.508 2.819 Heading deg -5.114 7.801
 Pitch deg -3.329 3.040 Pitch deg 1.117 1.796
 Roll deg -0.289 3.406 Roll deg -16.337 37.901
card 7 Slant Range m 3.149 1.677 Slant Range m 8.154 5.398
 Total Velocity m/s 1.140 0.602 Total Velocity m/s 12.861 8.451
 Heading deg 0.287 1.670 Heading deg 2.899 2.265
 Pitch deg -0.336 2.189 Pitch deg 1.888 3.266
 Roll deg -1.615 2.648 Roll deg 3.987 60.989
card 8 Slant Range m 8.487 2.989 Slant Range m 11.953 6.565
 Total Velocity m/s 1.542 0.843 Total Velocity m/s 27.686 17.656
 Heading deg 4.087 17.781 Heading deg 4.585 26.896
 Pitch deg 1.949 3.531 Pitch deg 1.390 12.962
 Roll deg 1.21518.212  Roll deg 11.570 60.436 

 
Table 3. Test Bed 6 Data Analysis 



The FTSA development was delayed by a requirement to perform an extensive system safety 
analysis and recalculate the Failure Modes, Effects and Criticality Analysis.  Explosive interface 
testing was completed in November 2004.  Several weapon programs have decided to use the 
JAMI FTSA design in improved telemetry systems including HARM and a new Sidewinder 
AIM-9X design.  Qualification testing will be completed by October 2005. 
 
The JAMI FTSA provides the user with the ability to program the arming conditions into the unit 
at the factory.  Parameters that are available for selection include the safe separation time, the 
launch valid time, the acceleration level of launch, and whether failsafe conditions of loss of 
power or loss of tone are used.  The FTSA design was optimized to use in almost any weapon 
requiring flight termination. 
 
Weapon Integration-   The JAMI components have been integrated in several improved 
telemetry systems during the past two years.  These telemeters include new designs for HARM, 
Sidewinder and AMRAAM.  The AMRAAM integration was the leading candidate since over-
the-horizon operations were planned at Tyndall AFB that cannot be supported with the existing 
telemetry system.  The JAMI JTU was integrated into the AMRAAM Non-Developmental Item 
Airborne Instrumentation Unit (NDI-AIU) by Raytheon Corporation in Tucson (the AMRAAM 
system design and integration agent).  The JAMI project provided the JTU units as well as test 
software needed to evaluate the performance of the TSPI system.  The AMRAAM Program 
Office funded changes to the telemetry and missile level test sets that were needed to support the 
GPS enabled NDI-AIU in production.  The first two integration NDI-AIUs will be installed in 
missiles and captive flown at Tyndall in late 2005 as a method of checking out the complete 
JAMI TSPI system at Tyndall AFB.  The first evaluation launch is scheduled for early 2006. 
 
The HARM missile program decided to redesign the RT-1189 telemeter to reduce the production 
cost and delete obsolete components.  The new design will include both the JAMI developed 
FTSA units and the GSU unit for range safety TSPI.  HARM partnered with JAMI to plan and 
fund the explosive interface testing of the FTSA explosive train assembly. 
 
The Sidewinder telemeter development is the most aggressive effort undertaken during JAMI 
system integration.  OSD requested that the JAMI project integrate all of the JAMI components 
into a single system to insure that all systems are compatible.  The AIM-9X program needed the 
capability of terminating flight to allow testing in more aggressing environments and an 
agreement between the Sidewinder program office and the JAMI project was signed in 2004.  
The telemeter design is very aggressive due to the amount of electronics that have to be 
packaged into the warhead section of a 5-inch missile.  The conceptual mechanical design is 
shown in Figure 3.  The telemeter includes two FTRs, two FTSAs, two batteries, the JTU, a 
transmitter and all of the power conditioning and instrumentation electronics that are normally 
included in the telemeter.  A GPS/TM/Flight Termination tri-band antenna is under development 
for this new telemeter.  A System Design Review is scheduled for late 2005 with environmental 
and explosive qualification scheduled for 2006. 
 



 

Integration issues were encountered in all three missile telemetry systems.  The problems were 
all related to the transfer of the JTU TUMS message into the telemeter PCM encoder or the 
timing of the transfer.  Several timing issues were identified.  An example is the timing delay 
between the GPS epoch pulse and the start of the TUMS transfer.  Since JAMI is a 
developmental project, all of the specifications generated were developmental specifications that 
did not precisely identify all of the timing relationships.  As programs begin to use the JAMI 
hardware, Interface Control Drawings and Product Specifications will be generated that will 
specify many of the actual operational interfaces. 
 
 

CONCLUSIONS 
 
The JAMI GPS sensor technology testing results exceeded expectations and resulted in a GPS 
sensor with significant test and evaluation application potential.  The JAMI Ground Station 
demonstrated the capability of processing both real-time and post mission data from the JGS that 
meets the JAMI performance requirements in most cases.  Integration of the JAMI components 
into weapon systems is progressing with performance testing at missile level being one of the 
more challenging issues to resolve.  The flight termination component qualification should be 
completed in 2005 with several projects ready to use the units.  In the next year the JAMI 
components will be integrated into at least three weapon systems with the JGS integrated at three 
Government Test Ranges. 
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Figure 3.  Conceptual AIM-9X Telemeter with GPS TSPI and FTS 




