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ABSTRACT 
 
The Joint Advanced Missile Instrumentation (JAMI) Program involves the integration of Global 
Positioning System (GPS) tracking technology into the Test Ranges.  GPS Technology will be 
used for Time, Space, and Position Information (TSPI) as well as Flight Termination purposes.  
JAMI is currently developing the JAMI TSPI Unit (JTU) and the Flight Termination Safe & Arm 
(FTS&A) devices.  This paper will discuss the current efforts to integrate these JAMI 
components, off the shelf items (Flight Termination Receivers (FTR), Telemetry Transmitters, 
Encryptor and Thermal Batteries) and in-house developed devices (PCM Encoder, Tri-band 
Antenna with integrated Limiter, Filter, and Amplifier) into a five-inch diameter Missile 
Telemetry (TM) Section.  The discussion of the transmission of the data and how the Test 
Ranges process it is beyond the scope of this paper and is covered in [1].  
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BACKGROUND 
 
All missiles that are flown on Government Flight Test Ranges need to be instrumented to 
support the functions of Telemetry/Video, TSPI, and Flight Termination.  At the present time, 
there is no instrumentation section that combines all of these missile functions into one 
package.  Due to cost saving measures, Beacon tracking is being phased out in favor of GPS 
tracking technology.  In some instances, chase aircraft and live video will still be used to track 
a missile.  But due to the existing infrastructure, using GPS to track a missile for TSPI and 
Flight Termination purposes is extremely cost effective.  The Test Ranges need an approved 
common Flight Termination Package (FTR and FTS&A) that would reduce the qualification 
time and cost for missile and missile targets.  JAMI, a Central Test and Evaluation Investment 
Program (CTEIP) funded project, was created to address these very needs.  JAMI is also 
involved with integrating Ground Stations into some of the Test Ranges to process the 
transmitted data.  The details of this are covered in [1]. 



 
 

PRIMARY OBJECTIVES AND DESIGN GOALS 
 
The primary objective is to develop a proof-of-concept TM for a five-inch diameter missile.  It 
will provide all of the functionality of the current Telemeter plus add a newly developed fully-
functioning, dual-redundant Flight Termination System (FTS) with GPS tracking capability.  It 
will be mechanically and electrically interchangeable with the existing TM design and the 
existing PCM frame format will be maintained as well.    In order to conduct initial performance 
evaluations, this TM section will be captive-carried on a F/A-18 platform.  The test objectives 
are to demonstrate that the ground station can process all of the existing TM data, and that 
Range Safety can communicate with the FTS and track the position of the missile.   
 

Design Goals 
There are three design goals for the Proof-of-Concept phase of this development project.  First 
of all increase the number of airborne TM units that can radiate simultaneously.  Currently, 
only three (3) missiles can radiate simultaneously within the 2200 to 2289 MHz band due to 
the 12 Mbps (Megabits per second) data rate.  The existing design incorporates the use of 
PCM-FM (Pulse Coded Modulation-Frequency Modulation).  By switching to the SO-QPSK 
(Shaped Offset-Quadrature Phase Shift Keying) modulation scheme, up to six (6) missiles can 
be tracked simultaneously.  This is accomplished by the fact that less spectrum is occupied 
(thus the transmission bandwidth is reduced by as much as 50%).  This is illustrated in 
Figure 1.   

Figure 1- Frequency Spectrum: SO-QPSK vs. PCM-FM 
 
However, this increase in frequency spectrum efficiency doesn’t come without its drawbacks.  
It should be noted that an SO-QPSK Transmitter normally requires 50% more current than its 
PCM-FM counterpart.  This is due to the fact that extensive digital processing and filtering 
techniques are used to limit the transmission bandwidth.   
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The second design goal is to increase the effective range of the TM System.  The currently 
designed section uses a five-watt (5W) PCM-FM transmitter.  Several possible options exist to 
increase the range (including optimization of the ground station processors).  However, these 
are changes that affect components external to the Missile TM Section.  The only option that 
would affect the TM section would be to increase the Transmitter to ten watts (10W).  Although 
there would be a 3 dB increase in Link Margin, there are significant issues with this approach.  
A 10-watt SO-QPSK transmitter draws almost 40% more current than a 5W version.  When 
compared to the 5W PCM-FM Transmitter, the current draw is more than doubled.  This has 
serious ramifications in heat dissipation and thermal battery capacity issues.  Studies are 
currently being conducted to address both of these issues.    
 
The third design goal is to add frequency selection capability to the TM Transmitter.  This 
would be accomplished by having the flexibility of programming the transmitter center 
frequency in the field to any value between 2200 and 2289 MHz in 1 MHz steps.  This goal is 
currently attainable since at least two vendors manufacture SO-QPSK transmitters with this 
feature. 
 
 

DESCRIPTION OF COMPONENTS 
 

There are three types of components that will comprise the newly developed TM section:  
Commercially available, Off-the-Shelf items; JAMI developed units; and In-house designed 
circuit card assemblies (CCA).  Figure 2 shows the components to be utilized. 
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Figure 2:  Exploded view of components 



 
Off-the-Shelf Items 

The Transmitters, Flight Termination Receivers (FTR) and Thermal Batteries will be procured 
from a commercial vendor.  As mentioned earlier, an SO-QPSK TM Transmitter has been 
selected.  This transmitter also has the capability to switch back to PCM-FM if necessary.  It is 
planned to have both the 5W and 10W versions tested.  The FTR has already completed 
qualification testing, thus saving the program the expense of having them approved for flight.  
More effort needs to be expended prior to a selection of the Thermal Batteries.  The increased 
current load (mentioned in the Design Goals Section above) and Range Safety margin 
requirements have precluded the use of the batteries employed in the existing TM design. 
 

JAMI-Developed Units 
Although the JTU and FTS&A have both been developed by the JAMI Program, units can be 
procured only through commercial vendors.  Both the JTU and the FTS&A are currently under-
going qualification testing and will be available shortly to be included in the integration effort. 
 

In-House Designed Products 
The Tri-Band Conformal Wraparound Antenna; the TM electronics which include the PCM 
Encoder, the Encryption Circuitry, Power Distribution Circuitry, the Analog Signal Conditioning 
Circuitry, the Digital Discrete Conditioning Circuitry, and the Digital Data Processing Circuitry; 
and the Digital & Analog Simulator are currently being developed in-house.  The Antenna and 
TM electronics are explained in more detailed below.  It should be noted that the Simulator is 
not part of the TM Section, but it provides the means to emulate the signals that normally come 
from the Forward Missile Assembly (FMA).   
 
ANTENNA- 
The antenna is designed to be conformally wrapped around the TM Missile Section.  It 
contains three antenna arrays: Flight Termination, GPS and TM.   
 
The Flight Termination Antenna has the following performance parameters: 

Number of elements: 1 
Frequency range: 425 MHz ± 100 kHz 
Polarization: Linear, Horizontal 
Nominal Gain: -18 dBi over 95% of radiation sphere  

It also has a power divider to feed each portion of the dual-redundant flight termination system 
(FTR and FTS&A only). 
 
The GPS Antenna has the following parameters: 

Number of elements: 4 
Frequency range: 1575 MHz ± 10 MHz 
Polarization: Right Hand Circular 
Nominal Gain: -4 dBic over 90% of radiation sphere 
 

The antenna assembly also has a limiter, filter, and low noise amplifier incorporated into the 
feed structure.  The limiter is used to ensure the power of the incoming signal doesn’t exceed 
one watt (1W) so as to prevent damage to the GPS Receiver.  The notch filter’s main purpose 



is to attenuate all out-of-band signals.  The design goal is 40 dB of attenuation.  It is used 
mainly to block the TM transmitter signal to prevent saturating the GPS receiver.  The low 
noise amplifier is used to amplify the GPS signal to aid in the GPS Receiver’s capability of 
detecting the GPS satellites. 
 
The TM Antenna has the following parameters: 

Number of elements: 3 
Frequency range: 2200-2289 MHz  
Polarization: Linear, Horizontal 
Nominal Gain: -7 dBi over 90% of radiation sphere 
 

This antenna also incorporates a notch filter into the feed structure to eliminate any of the 
spurious power in the GPS frequency band from being radiated out by the TM transmitter.  
Once again, the design goal is 40 dB of attenuation. 
 
The antenna is constructed of multiple layers of RT/Duroid® (either 5870 or 6002).  There will 
be one antenna board (6002) where all of the elements will be laid out.  The feed network 
board (6002) will contain the corporate antenna feed network as well as the GPS limiter, filter, 
and amplifier circuitry; FTS power splitter; and the TM filter.  The dielectric cover board (5870) 
will act as a protective shield against the external environmental elements.  It also serves as 
an ablative shield to keep the bondlines of the interior boards from delaminating due to the 
high temperatures produced by the airflow friction created during supersonic flight. The 6002 
boards have been chosen for their tight mechanical tolerances as well as their stability in 
electrical properties (mainly dielectric constant) over temperature.   
 
 
TM ELECTRONICS- 
The TM electronics can be divided into five separate functional blocks - The Digital Data 
Processing Circuitry, the Analog Signal Conditioning Circuitry, the Digital Discrete Conditioning 
Circuitry, the PCM Encoder Circuitry, and the Encryption Circuitry.  Figure 2 is a block diagram 
to illustrate the functional relationship among these and to show the general signal flow 
through the TM system.  Each of these blocks will be described briefly in the following 
paragraphs.   
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Figure 3.  TM System Functional Block Diagram
 
 
Digital Data Processing Circuitry-  
The Digital Data Processing Circuitry, or DDP, is responsible for interfacing with two 
asynchronous serial data streams from the missile’s Guidance and Control Section (GCS), 
temporarily storing this data in memory, then making the data available to the PCM encoder 
logic as needed.  The first data link is a continuous 200 Mbps video data stream that employs 
a Cypress Semiconductor HotLink® receiver/ transmitter pair.  Each ‘frame’ of data contains 
two 128 row by 128 column 16-bit pixel video fields.  Only a subset of the video data is 
transmitted by the TM.  Consequently, the DDP filters the video data by only making the 
desired pixels available to the PCM encoder.  In addition, the video fields contain within them 
certain embedded data that must be extracted by the DDP and stored separately from the 
video pixel data.  The video data occupies approximately 78% of the total transmission 
bandwidth of the TM. 
 
The second stream is a differential RS-422 data link that is sent to the TM at a rate of 10 Mbps 
along with a continuous bit clock.  Frames of this guidance data are sent to the TM as a series 



of messages that can vary both in number and in length.  Each message is a series of 
contiguous 16-bit words preceded by two synchronization words and a message identification 
‘tag’ word that uniquely identifies the message as well as defines its total length in 16-bit 
words, excluding the two synchronization words.  Each frame of data begins with a particular 
message ID where the DDP will buffer this message and all subsequent messages until 
another message with this same ID is encountered, which defines the start of another frame of 
data.  The DDP strips the synchronization words from each message and transmits the frame 
of messages to the PCM encoder in the order received.  The guidance data from this stream 
occupies approximately 20% of the total transmission bandwidth. 
 
Analog Signal Conditioner Circuitry-  
The TM monitors a total of 21 analog signals – nine (9) from the missile’s GCS, three (3) from 
the Active Optical Target Detector (AOTD), four (4) from the Flight Termination System (FTS), 
and five (5), which originate within the TM itself.  Each signal is filtered using a single-pole 
passive anti-aliasing filter with a minimum input impedance of 100 Kohms.  Both the GCS and 
the AOTD provide a separate signal reference for their respective signals to be monitored.  
Consequently, each of these signals is buffered using a differential instrumentation amplifier 
referenced to the appropriate signal return.  Each signal is scaled to an amplitude that can 
accommodate the input of the Analog-to-Digital (A/D) converter - 0 to +5.0V.   The final 
amplifier stage of each signal conditioning circuit is clamped to within 300 mV of the full-scale 
input range of the A/D converter using a pair of high speed Schottky barrier diodes to protect 
the A/D converter in the event an amplifier is driven to its rail due to some catastrophic failure 
upstream.  A total of three 10-bit A/D converters are employed in this design where each has 
an integral 8-channel analog multiplexer.  Having high-impedance digital outputs, the output 
data bus of each A/D converter is tied together where only the eight most significant bits of the 
converted data is sent to the PCM encoder.   All analog channel addressing, sampling, 
conversion initiation, and reading of digitized data is controlled by the PCM encoder. 
 
Digital Discrete Conditioning Circuitry-  
A total of 56 bi-level analog and single-bit digital signals are also monitored by the TM.  One 
(1) originates within the GCS, nine (9) are from the AOTD, thirty (30) are from the FTS, and 
twenty-four (24) are generated from within the TM electronics.  Each of these signals is scaled 
down to a manageable amplitude then fed to an analog comparator circuit to generate a TTL-
level digital signal once the desired voltage threshold is met.   Each of the analog comparator 
outputs are grouped into 8-bit and 16-bit digital data words (ports) that are multiplexed to form 
a single 16-bit data bus, which interfaces directly to the PCM encoder.  The PCM encoder 
controls the addressing and, consequently, the sampling of these digital discrete bits that are 
read and transmitted simultaneously as either an 8-bit or 16-bit digital data word. 
  
PCM Encoder Circuitry- 
The PCM encoder circuitry acts as the ‘brain’ of the entire TM system.  It is responsible for 
controlling, sampling, and receiving data from four different external sources: the JTU, the 
Digital Data Processor (DDP), the Analog Signal Conditioner, and the Digital Discrete 
Conditioner.  In addition, it accesses internally generated data such as frame synchronization 
words and frame counters.  Through the use of a stand-alone Programmable Read-Only 
Memory (PROM), the PCM encoder receives an instruction byte for each word in the PCM 



major frame.  This instruction byte essentially dictates to the PCM encoder logic what data to 
look at, when, and how often.  For the analog parameters, it addresses the appropriate analog 
channel, controls the sampling of that analog signal, and initiates the A/D conversion cycle.  All 
data is formatted into a pre-defined PCM frame structure, converted into serial format, and 
sent to the encryption board via a differential RS-422 Non-Return-to-Zero-Level (NRZ-L) data 
stream running at 12.0 Mbps.   
 
Encryption Circuitry-  
The Encryption Circuitry is a self-contained printed wiring board whose design is approved by 
the National Security Administration (NSA).  This board is responsible for providing the 
necessary electrical and electro-magnetic isolation of its circuitry and data output from the rest 
of the circuitry and signals within the TM system.  In addition, the Encryption Circuitry employs 
the KGV-68B encryption hybrid and associated support circuitry to convert the plain-text (PT) 
NRZ-L data into a secure, cipher-text (CT) data stream to be sent to the RF transmitter along 
with a bit clock via a differential RS-422 interface.  The Encryption Board accepts a key 
variable directly from an approved key-fill device, stores this key into a non-volatile memory, 
and then transfers this key variable into the KGV-68B hybrid automatically upon system power 
up.  Each time external power is removed from the TM system, the key variable is erased from 
the KGV-68B, but retained in non-volatile memory.  Only when the system detects the initiation 
of the missile launch sequence (TM thermal battery ignition), the control logic actively erases 
the key variable from the non-volatile memory by over-writing its entire contents with 
successive ‘1s’ and ‘0s’, multiple times in accordance with NSA guidelines - a process that 
takes approximately 300 ms to complete.  The key variable will then be retained within the 
KGV-68B until the TM thermal battery has been expended.  This circuitry in conjunction with 
the rest of the TM system is TEMPEST certified by an independent government agency 
approved by NSA to perform these series of tests. 
 
 

SUMMARY AND FOLLOW ON DISCUSSION 
 
The current status of the development of the TM section to provide GPS tracking capability to 
a five-inch diameter Missile has been discussed.  This new TM package will provide 
capabilities not previously implemented (mainly Flight Termination and GPS-TSPI Tracking).  
Please note that this is a Proof-of-Concept effort and will only be tested by captive carrying it 
on a F/A-18 platform.  In order for it to be flown in a Missile, a follow-on effort has been 
proposed.  This effort would consist of the full FTS development (Cutter Ring and Detonation 
Cord), the various qualification tests, and the support to coordinate the missile test flights. 
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