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ABSTRACT 
 
Last year (2005), a paper discussed the efforts of integrating Joint Advanced Missile 
Instrumentation (JAMI) Program components (JAMI TSPI Unit - JTU, and the Flight 
Termination Safe & Arm device - FTS&A), commercial off the shelf parts (Flight Termination 
Receivers, Telemetry Transmitter, Encryptor and Thermal Batteries) and in-house developed 
devices (PCM Encoder and Tri-band Antenna with integrated Limiter, Filter, & Amplifier) into a 
five-inch diameter Missile Telemetry (TM) Section.  This retrofitted missile would be captive-
carried on a F/A-18 jet.  This paper is a continuation of that one presented at the 2005 
International Telemetry Conference (ITC) Symposium.  It annotates the latest status of the 
JAMI Effort, as well as the Follow-On Effort to qualify the Missile TM Section for an actual 
missile firing.  This would include the developmental and flight qualification efforts for the 
Explosive Train (Detonation Cord-to-Cutter Ring Assembly) and Thermal Batteries.   
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BACKGROUND 
 
In order to satisfy the Office of the Secretary of Defense (OSD) requirements to demonstrate 
that all of the JAMI developed components can be housed in a five-inch airframe as part of 
their Tri-Service (Army, Navy, Air Force) Central Test and Evaluation Investment Program 
(CTEIP) effort, the Weapons Instrumentation Division (Code 52J000D/E) was tasked by the 
JAMI Program Office in April 2004 to develop a proof-of-concept TM that can be used for the 
AIM-9X missile.  This design is to provide all of the functionality of the current AIM-9X AN/DKT-
86/87 TM system, but include a fully-functioning, dual-redundant flight termination system 
(FTS) that employs two of the JAMI-developed FTS&A devices, two JAMI-qualified flight 
termination receivers (FTR), and independent thermal batteries - one for powering only the 
primary flight termination components and the other for powering both the secondary flight 



termination components and all of the TM electronics.  In addition, this TM design is to include 
a GPS capability utilizing the JTU.   
 
This TM design is fully interchangeable with the existing AN/DKT-86/87 both mechanically and 
electrically.  The only exception is with regard to the warhead Electronic Safe and Arm Device 
(ESAD).  Normally in a non-tactical missile configuration where a TM system replaces the 
warhead, the ESAD is not used.  However, the AN/DKT-86/87 is designed to accommodate 
the ESAD if necessary, which attaches to the Active Optical Target Detector (AOTD) located 
forward of the warhead section and protrudes into the cavity of the warhead.  Due to the 
addition of the dual-redundant flight termination components and the JTU, it is physically 
impossible to accommodate the ESAD in this design.  Both the existing data transmission bit 
rate and the Pulse-Code Modulation (PCM) frame format are maintained. 
 
Another added feature of this new TM design is the use of a field-programmable RF 
transmitter.  The center frequency can changed to any value between 2200.5 and 2289.5 MHz 
in 1 MHz increments.  In an effort to reduce the transmission bandwidth to accommodate more 
missiles airborne and radiating simultaneously, a Shaped-Offset Quadrature Phase Shift 
Keying (SO-QPSK) modulation scheme is also employed, thus replacing the traditional 
PCM/FM modulation used by the AN/DKT-86/87. 
 
 

TELEMETRY SYSTEM DESCRIPTION 
 
A detailed account of the TM and FTS System Description can be found in Reference [1]. 
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Figure 1.  Functional Block Diagram of AIM-9X/JAMI Secure Telemetry System



PCM ENCODER CIRCUITRY 
Figure 1 is a simplified functional block diagram of the TM system to show basic signal flow.   
The PCM Encoder Circuitry serves as the master controller for the entire TM system 
electronics.  It controls the sampling of all data - determining what signals are looked at, when, 
and how often.  It also controls the operation of all A/D converters located on the analog signal 
conditioning board.  The PCM encoder is also responsible for formatting all data into a pre-
defined PCM frame structure.  This frame consists of 16 minor frames.  Each minor frame 
consists of a combination of 16-bit, 14-bit, and 8-bit words.  The data is then merged into a 
single 12.0 million bits per second (Mbps) Non-Return-to-Zero Pulse-Code-Modulated (NRZ-L 
PCM) serial data stream that is sent differentially (RS-422 interface) to the encryption circuitry. 
 
 
DIGITAL DATA PROCESSOR (DDP) 
The Digital Data Processing Circuitry serves as a pre-processing interface for the two 
asynchronous serial data streams originating from the Electronics Unit (EU) in the Guidance 
and Control Section (GCS) - the Seeker Video and the Operational Flight Software (OFS) data.  
 
Video data is sent over a single twisted pair with no clock to the TM via Cypress 
Semiconductor’s HotLink® high-speed serial data link running at a bit rate of 200 Mbps.  Each 
frame is comprised of two fields of pixel data sent at the missile frame rate, referred to as the 
clear-compensated field and the blurred field.  The TM receives all pixels from both fields.  
However, approximately only two-thirds of those pixels from the clear-compensated field are 
stored and transmitted by the TM in accordance with a pre-defined pixel mask.  Embedded 
within the clear-compensated field are certain data that must be extracted and transmitted by 
the TM.  Due to the asynchronous nature of this data and the fact that this video data is 
transmitted at a rate slightly faster than it is received, there are periods when a full field of 
video data will not be buffered within the DDP at the start of the TM major frame.  During this 
occurrence, the TM will retransmit the previous frame of video data. 
 
The OFS data is sent to the TM over a serial RS-422 interface at a data rate of 10 Mbps along 
with a continuous bit clock.   Frames of data are sent at the missile frame rate as a series of 
messages that can vary both in length and in number.  Each message is comprised of a series 
of 16-bit words - the first of which are synchronization words, followed by a message tag ID 
word that defines the total length of the message.  The remaining words make up the actual 
message data and checksum variables.   Due to bandwidth restrictions associated with the 
incorporation of the JTU TSPI data that is embedded within the PCM data stream, the length of 
the OFS frame has a limited number of 16-bit words.   
 
The DDP buffers all messages between words that contain a specific message tag ID.  This 
defines one complete frame of OFS data.  The DDP then strips all synchronization words and 
transmits the frame of messages in the order they are received.  If the total number of words in 
the frame is less than the maximum, then any excess words are padded with zeros.  As with 
the video data, there will be periods when a full frame of OFS data will not be buffered within 
the DDP at the start of the TM major frame.  During these events, the TM will transmit zeros for 
all OFS words in the TM major frame. 
 



The DDP also monitors the OFS data traffic for the occurrence of another specific message 
tag ID word which enables or disables the transmitter depending on the data contained within 
the message.  When the message data contains a predefined value, a signal is sent to the 
encryption circuitry to enable the transmitter.  When the message data contains another 
predefined value, a signal is sent to the encryption circuitry to disable the transmitter. 
 
The DDP interfaces directly to the PCM encoder circuitry by means of a single, 8-bit parallel 
data bus.  Three separate enable lines from the encoder select video, OFS, or embedded data 
within the video.  Data words are then read by the PCM encoder logic as a two-byte data 
transfer. 
 
 
ANALOG SIGNAL CONDITIONING CIRCUITRY 
The analog signal conditioning circuitry serves four different functions.  First, it is responsible 
for scaling all analog signals being monitored down to a level that the Analog-to-Digital (A/D) 
converters can accommodate.  Second, this circuitry provides anti-aliasing filters utilizing 
simple, single-pole passive RC networks to those signals which require them.  Third, it 
provides adequate isolation between the TM circuitry and the source of each signal.  Due to 
the requirement that TM signal ground must be isolated from both the AOTD and GCS signal 
returns, differential instrumentation amplifiers are employed for all AOTD and GCS functions 
being monitored by the TM.  Finally, the analog signal conditioning circuitry provides the A/D 
conversion of all analog signals through the use of three A/D converters.  Each converter has 
an integral, eight channel analog multiplexer where the output of each is tied together to form a 
common 8-bit parallel, bi-directional data and control bus to the PCM encoder. 
 
 
DIGITAL DISCRETE CONDITIONING CIRCUITRY 
The digital discrete conditioning circuitry is responsible for converting all bi-level analog signals 
into Transistor-Transistor Logic (TTL) level signals.  The discrete bits are then combined to 
form 8-bit parallel words that are digitally multiplexed to form a single, 8-bit parallel data bus to 
the PCM encoder circuitry.  In this design, there are a total of 32 bi-level analog signals that 
are converted to digital discretes, forming four 8-bit words designated as Digital Port (DP) 1 
through 4.  
 
 
ENCRYPTION CIRCUITRY 
The encryption circuitry is contained on its own circuit card assembly separate from the rest of 
the TM electronics as part of the TEMPEST design.  The KGV-68B encryption hybrid is used 
and is contained on a separate daughter card that can be removed from the encryption card to 
mitigate Communications Security (COMSEC) control issues that may arise in a production 
environment.  The encryption circuitry contains all the necessary support circuitry for the 
operation and key management of the KGV-68B as well as provides the necessary 
RED/BLACK isolation to satisfy National Security Administration (NSA) TEMPEST 
requirements. 
 



The key variable is managed by control logic, which allows it to be loaded from a standard 
keyloader into a non-volatile memory for infinite key retention.  Upon system power-up, the 
encryption key is automatically transferred from non-volatile memory into the KGV-68B hybrid.  
When power is removed from the system, the key is erased from the KGV-68B, but retained 
within the non-volatile memory.  If and only if the TM system receives the MISSILE LAUNCH 
CMD from the GCS, the control circuitry will actively erase the non-volatile memory by over-
writing its entire contents with consecutive ones and zeros, multiple times, in accordance with 
NSA requirements.  The key will be retained within the KGV-68B until the thermal batteries in 
the TM system have been expended.   
 
The encryption circuitry receives the plain-text (PT) serial data in differential form from the 
PCM encoder circuitry.  It then converts this to cipher-text (CT) serial data that is sent to the 
RF transmitter differentially along with a bit clock. 
 
 
POWER DISTRIBUTION CIRCUITRY 
The power distribution circuitry is contained on the same board as the analog signal 
conditioning circuitry.  It is responsible for filtering the external power and return coming from 
the launcher through the use of a couple of EMI filters to suppress any ripple-currents that 
could be generated by the TM electronics and fed back into the aircraft power system.  The 
power distribution circuitry also generates the other voltages necessary for the TM electronics 
through the use of a DC-DC converter module and linear regulators.  In addition, this circuitry 
provides single-point grounding for all power returns within the TM system. 
 
All electronics are referenced to TM signal return with exception to the signal conditioning 
circuitry associated with the instrumented signals originating from both the AOTD and GCS.  
Here, separate AOTD and GCS signal reference returns provide the required isolation 
between TM signal ground and the signal grounds for the rest of the missile. 
 
 
TRI-BAND ANTENNA 
Developed in-house by the Weapons Instrumentation Division at Pt. Mugu, the AIM-9X/JAMI 
TM system employs a single-piece, conformal wrap-around antenna that contains three 
separate antenna systems.  First, it has a TM transmit antenna that covers the 2200 - 2900 
MHz frequency range.  Second, it contains a GPS receiving antenna centered at 1575.42 MHz 
with a bandwidth of ± 10 MHz.  Finally, there is an FTS receiving antenna centered at 425 MHz 
with a bandwidth of ± 265 kHz. 
 
The FTS antenna has two separate feeds - one for the primary flight termination receiver 
(FTR) and another for the secondary FTR.  The Wilkinson Power Divider is incorporated within 
the antenna substrate, which eliminates the need for an externally mounted one.  Likewise, a 
Low Pass Filter is also contained within the Feed Network Board to prevent the TM output 
signal from the transmitter from coupling into the GPS Receiver.  The Limiter & Low Noise 
Amplifier for the GPS Receiver are active devices embedded within the antenna substrate as a 
space saving measure, which receives its power from a DC bias voltage applied to the RF 
signal input to the receiver. 



 
 

FLIGHT TERMINATION SYSTEM DESCRIPTION 
 
The Flight Termination System (FTS) design is a true dual-redundant system developed in 
accordance with Range Commanders Council (RCC) document 319-99.  It employs two Herley 
Flight Termination Receivers (FTR), two JAMI-developed Flight Termination Safe and Arm 
(FTS&A) Devices, and two independent Eagle-Picher Thermal Batteries.  Due to funding 
restrictions, the development of the explosive train and cutting ring is not scheduled to begin 
until FY07.    
 
For missile tracking purposes, the TM incorporates the JAMI JTU to provide real-time 
positional information (TSPI) accurate to within a few meters (this is reduced to a few 
centimeters after post-processing of the TM data).  The JTU is capable of tracking up to 12 
satellites simultaneously, and is guaranteed to acquire a minimum of four satellites within three 
seconds after the antenna has clear line-of-site with the satellites (referred to as Time-to-First-
Fix). 
 
 

RECENT ACCOMPLISHMENTS 
 
Several products of the JAMI Demonstration Effort have been completed and are detailed as 
follows.  A Digital Data Simulator has been designed, fabricated and tested.  It has been used 
to emulate missile’s GCS and AOTD interfaces and to generate known video pixel data and 
Operational Flight Software (OFS) message traffic.  It has proven to be a valuable tool in the 
design of the Brassboard Developmental TM System.  There has been a successful integration 
of this “Brassboard” TM System with the AIM-9X Guidance Control Section.  Raytheon 
personnel using their own decommutation system have verified the operational requirements.  
The two sections (TM and GCS) were able to successfully communicate with each other on 
the first try.  This Brassboard TM design is now in the process of being transitioned into an 
Engineering Prototype TM System that will be flown as part of an actual AIM-9X Missile.  This 
requires that the electronics on the Brassboard System be significantly reduced in size.  The 
FTS and GPS components will be integrated as well.  This section will then undergo 
TEMPEST and environmental screening prior to being captive carried on a F/A-18 jet. 
 
 
TEST BED CONFIGURATION #7 LAUNCH 
The JAMI Test Bed Configuration #7 was configured as a simplified JAMI/AIM-9X TM System 
integrated with a modified AIM-9L Missile.  This TM section included JAMI components (one 
JTU, one FTS&A, and the Tri-Band Conformal Wraparound Antenna), Commercial-off-the-
Shelf items (a Herley FTR and an Emhiser/Quasonix SO-QPSK RF Transmitter), and a 
simplified version of the electronics mentioned in the “Telemetry System Description” above.  
Specifically, this system had no encryption capability and was not configured to process video 
or OFS data.  Only GPS and FTS data was processed and transmitted by this particular 
system.  It should be noted that there were no Detonation Cords or Cutter Ring in this 
configuration.   



 
The Launch Objectives were as follows.  For the JTU: verify the real-time position, velocity and 
acceleration measurement accuracies during the missile launch and fly out.  For the JAMI 
Ground Station: verify the successful integration with the China Lake Range, and then verify 
the missile trajectory and Range Safety Officer (RSO) display.  Also, verify the ability for data 
archiving and future retrieval for post processing of the flight data.  Finally, for the Flight 
Termination System: verify FTS operation during missile flight (using only one FTR and 
FTS&A). 
 
The Test Launch was successfully completed on 10 November 2005 at China Lake, California.  
The modified AIM-9L Missile was launched from a ground based test stand located on the 
China Lake North Range Test Site.  Prior to the launch and throughout the flight the Config 7 
telemeter transmitted data that was received by the China Lake Range Control Center (RCC).  
A JAMI Ground Station was installed in the RCC.  The Ground Station processed the JTU data 
and generated TSPI, which correlated with the missile trajectory.  The system enabled the 
missile trajectory to be displayed in real-time on the monitors in the RCC.  The accuracy of the 
real-time missile position was determined by comparison with video tracker (KTM) data.  The 
video tracking system has been in use for several years at the China Lake Land Range and 
can produce highly accurate position information.  For this test, the post flight data accuracy of 
the KTM solution was estimated to be two meters (6.6 feet).  This is what was used as a “Truth 
Source” for the GPS data.  During the entire length of the flight, the real-time position solution 
was well within the Test Capabilities Requirements Document (TCRD) range safety 
requirement of 250 feet for a real-time TSPI solution.  The post flight missile positional 
accuracy was determined by utilizing the JAMI Data Processor / End-Game Scoring 
(JDP/EGS) Software.  This accuracy is also well within the TCRD Test and Evaluation 
Requirement of 25 feet.  The Flight Termination Components were sequenced during the test 
event.  The Range Safety Officer (RSO) issued the monitor, arm, and destruct commands.  
The FTS components received and correctly interpreted these commands and responded as 
expected.  This test event demonstrated that the JTU/ JAMI Ground Station combination 
produces a viable missile tracking system for the test and evaluation of missile systems. 
 
In summary, the following items have been accomplished as a result of the JAMI Configuration 
7 launch: First, it proved out the antenna design and SO-QPSK modulation scheme.  Second, 
Range Safety successfully tracked the real-time position of the missile using the JTU & Ground 
Station.  Third, it verified the operation of the flight termination system (excluding the explosive 
train).  Fourth, it verified the structural integrity of the JAMI-AIM9X prototype mechanical 
packaging design.  Finally, it demonstrated the GPS system met the real-time and post-
processed positional accuracy requirements of the JAMI program.  A detailed account of the 
Ground Launch Test can be found in Reference [2].   
 
 
ANTENNA STATUS 
The antenna assembly is designed to be conformally wrapped around the TM Missile Section.  
It contains three antenna arrays: Flight Termination, GPS and TM.  The antenna assembly is 
constructed of multiple layers of RT/Duroid® (either 5870 or 6002).  There is one antenna 
board (6002) where all of the elements (FTS, GPS & TM) are laid out.  The feed network board 



(5870) contains the three corporate antenna feed networks as well as the GPS Limiter, Band 
Stop Filter (to suppress the TM frequencies from the TM transmitter from entering the GPS 
Receivers), and Low Noise Amplifier Circuitry; FTS Wilkinson Power Splitter; and the TM Band 
Stop Filter (which prevents the TM transmitter from emitting spurious signals at the GPS 
frequencies).  The dielectric cover board (5870) acts 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 board has been chosen for its’ tight mechanical 
tolerances as well as its’ stable in electrical properties (mainly dielectric constant) over 
temperature.  
 
As mentioned above during the Ground Launch Test, all three antenna arrays proved out 
successfully and met all operational requirements.  However, due to the tight radius of 
curvature of the missile body, the stiffness of the conformal wraparound antenna assembly 
caused some difficulty in installation.  This has shown to be unacceptable for mass production 
of these antennas.  In the next phase of development for the TM Section, the antenna 
assembly will be split into two pieces: one that contains only the FTS antenna array and the 
other containing the GPS & TM antenna arrays.  This should alleviate the stiffness issue and 
allow for the ease of installation.  In addition, a Band Stop Filter will be incorporated onto the 
FTS antenna feedline to prevent the TM transmitter output from being coupled into the FTS 
antenna. 
 
 

SUMMARY AND FUTURE PLANS 
The current developmental status of the TM section to provide GPS and FTS tracking 
capability to the AIM-9X Missile has been discussed.  The JAMI (Proof-of-Concept) portion of 
the development (Phase I) is scheduled for completion by the end the 2006 Fiscal Year.  There 
will be a slight overlap with the Phase IIA Pilot Program stage in which the flight qualification 
(GPS and TM portions only) of the Phase I design will be accomplished.  Additionally in Phase 
IIA, there will be Ground Station infrastructure installation to support AIM-9X at the following 
Air Force and Navy bases:  Tyndal AFB, Eglin AFB, NAWC-China Lake and NAWC- Point 
Mugu.  The work on Phase IIA is just getting underway.  Yet to be started is Phase IIB, which 
will involve the implementation of the dual-redundant FTS.  This will include qualification of the 
TM section with the FTS components along with the development of the Explosive Train 
(Detonation Cord and Cutter Ring) to be conducted by an outside contractor.  
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