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ABSTRACT 
 
The Joint Advance Missile Instrumentation (JAMI) program has developed a Time Space 
Position Information (TSPI) unit (JTU).  The JTU employs a novel use of GPS technology and 
inertial measurement units (IMU) to provide a real time trajectory for high dynamic missile 
systems.  The GPS system can function during high g maneuvers that an air-to-air missile might 
encounter.  The IMU is decoupled from the GPS sensor.  The IMU data is a secondary 
navigation source for the JTU and will provide platform attitude.  The GPS data and IMU data 
are sent to the ground in a telemetry packet called TUMS (TSPI Unit Message Structure).  The 
TUMS packet is sent to a computer that hosts the JAMI Data Processing (JDP) software, which 
performs a Kalmam filter on the GPS and IMU data to provide a real-time TSPI solution to the 
range displays.  This paper focuses on the equipment and software needed at a telemetry ground 
station to display the real time TPSI solution on the range displays.  It includes an overview of 
the system data flow.  This overview should help a potential user of the system understand what 
is involved in running the JAMI system.  The post mission tools to provide an accurate trajectory 
and end-game scoring will not be discussed in this paper. 
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BACKGROUND 
 
JAMI has taken advantage of GPS technology to provide the test ranges missile TSPI and end-
game scoring (EGS) between the missile and target.  Figure 1 gives a simple overview of how 
this is done.  The missile and target have a JAMI TSPI Unit (JTU) that receives GPS signals.  
The GPS sensor collects raw measurement data for each Satellite Vehicle (SV) and creates a 
GPS message.  The JTU also has an inertial measurement unit (IMU).  The JTU processes the 
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IMU data and adds it to the GPS measurements to create a TSPI Unit Measurement Structure 
(TUMS).  See reference 1 for a detailed explanation of the JTU.  TUMS is a telemetry packet 
which conforms to IRIG-106 Part II [2].  A detailed explanation of the TUMS format can be 
found in references 3 and 4.  The TUMS packet is transmitted to the ground via the telemetry 
data stream. It is then received and decommutated from the telemetry stream and sent to the 
JAMI Data Processor (JDP) via RS-232 or User Datagram Packet Internet Protocol (UDP/IP).  
The JDP can be thought of having three parts.  One is processing the TSPI of the missile, another 
is processing TSPI for the target, and the last is end game scoring (EGS) between the missile and 
target.  The TSPI for the missile and target are to be done in real time and sent to the range 
display via UDP/IP.  The display will be used for range safety.  The EGS solution is a post 
mission product of the JDP.   

 
FIGURE 1.  JAMI TSPI System Overview 

 
he JDP can use other tracking sources to help provide missile TSPI in the event the missile 

here are two modes the JTU can operate in: navigation or sensor mode.  In navigation mode, 
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T
cannot track GPS SV’s prior to launch, such as, in the case where it is carried under the wing or 
internal carriage.  The existing range TSPI sources, radar, aircraft GPS, laser, and optical 
tracking can be used by the JDP to cal align the IMU prior to launch.  For the few seconds after 
launch, the JDP will use the IMU to provide missile TSPI until the GPS starts tracking Satellite 
Vehicles.  When the unit is in sensor mode, the time to acquire 4 to 5 SV is less than 3 seconds. 
 
T
the GPS Sensor Unit (GSU) in the JTU acts as a typical GPS receiver and outputs the Missile 
Application Condensed Message (MACM) as defined in reference 3.  The MACM and IMU data 
are combined and formatted in the data formatter, and the output of the JTU is TUMS Type I.  
The JDP accepts the TUMS Type I message and can directly produce a TSPI solution in real-
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time.  In sensor mode, the GSU outputs a vendor-defined message that allows the GSU to 
provide the data needed so a GPS solution can be made in a very high dynamic environment 
and/or when fast acquisition of SV’s is needed.  The GSU in sensor mode can acquire enough 
SV’s to provide a TSPI solution in less than three seconds.  The vendor-defined message is 
combined with the IMU data and the JTU output is TUMS Type II.  Since the JDP can only 
accept TUMS Type I data, a ground segment is required to convert TUMS Type II into TUMS 
Type I.   
 
 

JTU TELEMETRY STATION SETUP 
 

here are hardware and software components that need to be added to a telemetry ground station 

 
FIGURE 2. JAMI Equipment Interfaces with the Range 

 
ote that the range’s decommutators need to be able to output the TUMS data as either a RS-232 

presented.  

T
to be able to process and display the TSPI solution.  A range survey was done at four of the 
major Research Development Test and Evaluation ranges to see what capabilities they have and 
what would be needed to support a telemetry stream with TUMS data.  A simple block diagram 
of the range interfaces required by the JAMI ground equipment is shown in Figure 2.   
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N
data stream or over an Ethernet Local Area Network (LAN) using UDP/IP.  The output of the 
JAMI ground equipment needs to be a LAN with a protocol that support the respective range 
displays.  The range survey showed the ranges will be able to support either a RS-232 or a LAN 
using UDP/IP output from the decommutators.  For all the ranges, the range display is a LAN 
input using UDP/IP.  The data format for the range displays are all different.  The JAMI ground 
equipment therefore needs to support the LAN requirements for the hardware, but the software 
will need to be able to handle different data packet protocols for each of the ranges.  After an 
overview of the of the JAMI equipment, a more detailed explanation of the interfaces will be 
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JAMI HARDWARE 

The JAMI system has both hardwa onents.  The JAMI hardware is a 
ersonal Computer (PC) that houses a GPS reference receiver and the GPS sensor unit (GSU) 

A good GPS antenna that umed that the range will 
ither already have a GPS antenna feed available or one will be installed.  The GPS antenna 

 
re and software comp

P
ground segment.  Since both the GPS receiver and GSU ground segment need to be connected to 
a GPS antenna, a power splitter is installed as well.  A future upgrade will enable the GSU 
ground segment to serve as the reference receiver.  This will eliminate the GPS receiver and the 
splitter.  Figure 3 is a block diagram of JAMI hardware elements. 
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FIGURE 3. JAMI Hardware Block Diagram 
 

 is accurately surveyed is required.  It is ass
e
needs to have a built-in preamp with about 30 dB of gain and a noise figure of better than 1.5.  
The GPS antenna feed from the power splitter supplied by the JAMI equipment will supply +5 
Volts with 60 mA of current on the center conductor to power the preamp.  The antenna needs to 
be accurately surveyed to within a couple of feet of truth.  The accuracy of the JAMI software 
depends on the accuracy of the survey.  If the survey is more that 50 feet off in any axis it will 
cause the JAMI software to not function correctly.  The antenna needs to be positioned such that 
multipath is minimized.  The use of a choke ring antenna might be required for some 
installations to help reduce multipath. 
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The ground segment is required for the TUMS Type II data coming from a JTU in sensor mode.  

he ground segment is a PCI card that plugs into one of the PC’s PCI slots. Its input is TUMS 

nt has a reference receiver as part of the card.  The navigation engine of the 
round segment needs the reference data to be able to convert the binary sensor data into 

ow 
000 or Windows XP as its operating system.  The minimum requirements for the PC are a 

INTERFACE WITH THE DECOMMUTATOR 

There is an Interface C ent’s interfaces with 
e range [5].  The interface between the decommutator can either be RS-232 or a LAN using 

e data rate is 230.4 Kbaud with one stop bit, 8 data bits, no parity, and one 
top bit.  The data bits are bytes from the TUMS message.  No additional data is sent.  The 

T
data packets via a RS-232 data stream.  For those ranges using a LAN connection from the 
decommutator to the JAMI PC, the LAN data is converted into RS-232 data in the PC and routed 
to the ground segment card.  The purpose of the ground segment is to convert the GSU sensor 
data contained in TUMS Type II data into MACM data and TUMS Type I.  The ground segment 
uses the sequence number in the TUMS header to keep track of which set of IMU data belongs to 
which GPS data set.  The IMU data is set-aside in memory while the GSU data is processed and 
converted into MACM.  The MACM and IMU are then put back together with the original 
sequence number and the TUMS type bit is changed from a one to a zero in the status word.  The 
TUMS Type I packet is then sent out via RS-232 to the PC to be processed and archived by the 
JDP software.  If a TUMS Type I packet is sent to the ground segment, it will sense the message 
type and pass the data through without modification.  When the JTU is in navigation mode (i.e., 
TUMS Type I packets), the data can either be sent through the ground segment or sent directly to 
the JDP software. 
 
The ground segme
g
MACM.   There is a second GPS reference receiver installed in the JAMI hardware.  It is an 
Ashtech G12.  In the future, the GSU ground station reference receiver will replace the G12. 
 
The PC that houses the ground segment and the GPS reference receiver uses either Wind
2
Pentium 4 processor running at 3 GHz with 512 MB of RAM, 80 GB hard drive and USB ports.  
Since data comes in either through a LAN or RS-232, an Ethernet card and eight high-speed 
COM ports (230.4 Kbaud) and five regular COM ports will be needed.  At the present time the 
PC houses only one ground segment card so only one player that is using sensor mode can be 
processed at a time.  The future plan is to have four ground segments housed in one PC.  The 
ground segment is not needed for the navigation mode, so it can handle as many players as there 
are high-speed ports for those decommutators outputting TUMS as RS-232 and as many as eight 
players if the decommutators are outputting the data over a LAN.   
 
 

 
ontrol Document (ICD) that defines the JAMI equipm

th
UDP/IP protocols.   
 
For the serial data, th
s
TUMS specification document [2] explains in detail the data structure of the TUMS message.  
Figure 4 shows the contents of one TUMS packet.  Figure 5 shows the details of the TUMS 
header.  The decommutator needs to pull the TUMS data from the telemetry data stream, search 
for the TUMS header, check the length and the overall checksum and send out one complete 
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TUMS packet via RS-232.  Only one packet should be sent at a time and the rate should be at the 
GSU epoch rate, which is currently 64 ms.  
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FIGURE 4. TUMS Overall Message Structure
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Those decommutators using Wind m should be aware that it is not a 

ue real time system.  Consequently, when data is sent to a COM port, Windows may decide to 

rface between the decommutator and the JAMI equipment is defined in 
ference 5.  The TUMS data is wrapped with a “2064 Message” envelope.  One “2064 

r 

ows for their operating syste
tr
hold that data for a certain length of time before it is sent out.  During the developmental stage of 
JAMI, it was found that Windows would store up to four TUMS messages before it decided to 
send them out the COM port even though the decom software told it otherwise.  This will not 
work well for the JAMI system since it needs the time between messages to be able to process 
data.  If four messages are sent at once, only one message will be processed and the other three 
will be ignored.   
 
The UDP/IP inte
re
Message” does not need to contain a complete TUMS packet.  The JDP software will be 
responsible for collecting all the bytes from the different “2064 Messages” to assemble a 
complete TUMS packet.  Therefore, for this situation, the decommutator does not need to collect 
a complete TUMS packet before sending the data.  Even though the ICD does not require a 
complete TUMS packet to be sent, it would be preferred.  The “2064 Message” envelope needs 
the additional information of the associated source Ethernet address, a source IP address, a 
source port number, a destination Ethernet address, a destination IP address, and a destination 
port number. 
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RANGE DISPLAY INTERFACE 
 
The output of the JAMI equipment is a LAN connection to the range display.  The UDP/IP 
message is different for each of the different types of range display.  The Test and Evaluation 
Command and Control (TECCS) message format conforms to the 2061 message envelope [5].  
The JDP/TSPI software has a window that will specify which range display message will be 
output.  Besides TECCS, it will presently support Range View, Range Front End (RFE), and 
Gulf Range Drone Control System (GRDCS). 
 
 

INTERFACE BETWEEN THE RECORDER AND THE JAMI HARDWARE 
 
The GSU ground segment has a reference receiver that it uses to convert the sensor data into 
MACM data.  This process is done in real time where it compares the sensor data from the GSU 
with the reference receiver in order to determine the GPS time of the GSU data.  Once it finds 
time, then a position solution can be determined.  In order to be able to replay this data or use a 
second source of the telemetry data post-mission to see if the better telemetry coverage was 
available, the GSU ground segment reference receiver data needs to be recorded at the same time 
the telemetry data is recorded.  This requires the reference data to be recorded on the same tape 
as the telemetry data since timing between the data is critical.  Even if the JTU is in navigation 
mode, this process is necessary since the reference receiver data is needed to do differential 
correction of the data in post mission. The almanac and ephemeris data are needed from the 
reference receiver for post mission processing.  It takes about 12 minutes to download a 
complete almanac from the GPS satellites.  So a good practice is to record at least 15 minutes of 
reference receiver data prior to the start of the mission. 
 
The data from the GSU reference is RS-232 data at 38.4 Kbaud with one stop bit, 8 data bits, no 
parity and one stop bit.  The RS-232 data can be recorded directly on a digital telemetry recorder.   
On a Metrum recorder, an analog input is used.  The RS-232 signal is attenuated to meet the one-
volt peak-to-peak requirements of the Metrum.  To play the data back, the signal is amplified to 
meet the RS-232 spec.  At the present time, a modified GSU ground segment is needed to be able 
to do the playback.  A future improvement will allow a standard GSU ground segment to accept 
the playback data. 
 
 

SOFTWARE 
 
There are three software programs that are needed to setup, collect, and process the TUMS data 
for real time TSPI display.  A summary will be presented for each of these programs.  Manuals 
are available which will go into greater detail into how to setup and use them.  This summary is 
meant to give a potential user a feel as to what is involved in running the JAMI equipment in a 
range situation for real-time TSPI display.  At the time this paper was written, only Beta versions 
of the programs were available.  The final versions might not necessarily fit the present 
descriptions. 
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GSUview Program 
 
The GSUview software is used to setup the GSU ground segment, archive the GSU data, and 
monitor the status of the GSU ground segment reference receiver as well as the status of the 
processed sensor data.  The beta version of this program is called HSTSSview.  The HSTSSview 
program has been very useful in troubleshooting problems with the system during the 
developmental phase of JAMI.  If the JDP/TSPI software is reporting that no TUMS data is 
being received, the HSTSSview software is used to check the status of the GSU ground segment 
to see that the reference receiver has a sufficient number of SV’s tracked and whether the ground 
segment is receiving and processing the data being received from the decommutator. 
 
An operational note on the GSU ground segment.  The ground segment needs to be turned on 
and tracking SV’s for 15 minutes before trying to process the decom data.  All the ephemeris and 
almanac data from the SV’s need to be acquired before it can process the data.  If the ground 
segment does not have the ephemeris data for a given SV, the processed solution will not have 
that SV in the solution.  This can be verified with GSUview.   
 
JDPCR3 Program 
 
The JDPCR3 software was developed by Edwards AFB to support the JDP/TSPI software.  
JDPCR3 stands for the JAMI Data Processor Continuous Reference Receiver Recorder. It 
provides the differential corrections the JDP/TSPI software needs to perform real-time 
differential-corrected GPS solutions.  By differentially correcting the GPS data, the GPS solution 
error is greatly reduced.  It archives the reference receiver data for use with the post mission 
software, JDP/EGS. 
 
The JDPCR3 software needs to be started at least 15 minutes prior to the TUMS data coming in.  
The ephemeris data for the SV’s will take 15 minutes to acquire.  Until then, the JDPCR3 
software cannot output corrections to the JDP/TPSI software.   
 
JDP/TSPI Program 
 
The JDP/TSPI software creates the real-time differential-corrected TSPI data and sends it to the 
range display via a LAN.  The output message structure is selected by checking the appropriate 
boxes in the System Configuration window.  The choices for the range display message are 
TECCS, Range View, RFE and GRDCS. 
 
The JDP/TSPI program can accept up to eight sources.  For each source, a real-time display is 
available that shows position, velocity and acceleration.  There is a go/no-go indicator for each 
player.  For the beta version, the go/go-no criterion is based on the estimated position accuracy.  
If the estimated position error is less than 30 feet the indicator is green.  Between 30 and 60 feet 
the indicator is yellow.  Anything greater than 60 feet, the indicator will be red.  In the future, the 
IMU alignment error and shooter alignment error will be included. 
 
Both the raw TUMS data and the trajectory file are archived.  The trajectory file contains the 
data sent to the range display as a tab-delimited file. 
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POST MISSION 
 
The post-processing software is not discussed in this paper.  Post-processing of the data will 
improve the accuracy by performing Kinematic processing of the GPS data.  Kinematic 
processing involves applying differential correction on the carrier phase.  This is where a good 
reference antenna is needed.  If there is multipath present on the reference data, the post mission 
software might not be able to do the Kinematic processing on the GPS data.  For the real time 
display, a small amount of multipath is not as big a concern since the differential corrections are 
done on the GPS code data and not on the phase data. 
 
The trajectory files archived by the JDP/TSPI program can be plotted with Quicklook to produce 
some quick-look plots of the mission.  Quicklook can load and plot the whole file.  This program 
is included with the JDP software and will be able to provide plots within minutes after a 
mission.  For post-mission, the data required to be saved to a CDROM are: the TUMS Type II 
data and the GSU reference data archived by GSUview, the reference receiver files archived by 
JDPCR3, and the TUMS Type I data and the trajectory file archived by the JDP/TSPI. 
 
 

CONCLUSION 
 
The JTU has been developed and is in production.  To be able to use the JTU in a test 
environment, the JAMI ground equipment is needed to process and display the data.  Although 
the hardware and software have not been finalized, a description and explanation are needed at 
this point in time.  Several of these PCs with JAMI equipment have been fielded.  This paper was 
written to provide an overview of how the JAMI equipment interfaces with the ranges and how it 
is used. 
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