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ABSTRACT 

 

 

Weapons platform testing and monitoring have historically consisted of custom telemetry 

and flight safety system solutions tailored to the requirements (including Title 10 

Mandates) and size constraints of individual platforms.   The size of these individual 

components of these systems has necessitated that warhead replacement to facilitate 

insertion of these units to support test and evaluation activities.  Currently there are no 

products available to meet these requirements in a miniaturized and modular package.    

L-3 Communications Telemetry East (L-3 TE) has developed an extensive background in 

providing solutions to gather vital missile and target information over the last several 

decades.  Under the auspices of Eglin AFB, L-3TE is leading a multi-disciplinary team to 

design and develop the Subminiature Flight Safety System (SFSS) to support existing and 

new weapons applications.   

SFSS is a universal, small, and low cost redundant flight termination system (FTS) that 

incorporates encoding, processing and TSPI capacities that provides critical 

health/safety/welfare monitoring and allows for highly efficient telemetering of all 

weapon application and FTS data. The SFSS is intended as a solution to allow weapon 

system developers, test agencies, and range safety officers the ability to track, monitor, 

and if necessary, terminate all types of weapon systems.  It is designed to interface with 

newly developed weapon systems, while providing backward compatibility to meet 

existing requirements with minimal modifications to the weapon.  The SFSS components 

are intended to significantly reduce the cost and improve the quality of test support by 

providing a highly integrated solution that minimizes physical intrusion into weapon 

systems, by eliminating the need for warhead removal.   In addition, a common hardware 

platform will reduce overall system cost of acquisition and maintenance to the 

government, a key element in today’s world of stressed budgets. 
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PROGRAM REQUIREMENTS 

 

A number of Key Performance Parameters (KPP) and Critical Technical Parameters 

(CTP) had been established for the SFSS program to ensure usability and acceptance 

across the weapon community and services (Air Force, Army and Navy). 

The key performance parameters for the SFSS program were driven by the fact that 

realistic developmental and operational testing has traditionally been significantly 

compromised due to the fact there are no safety-qualified FTS/TM system capable of 

being integrated into existing or emerging miniaturized production-representative 

weapons.  These requirements are being driven to allow for testing with the warheads still 

in the missiles allowing for more relevant tests (an example of which is collateral 

damage). 

Key Performance Parameters 

The KPP are those items for which the SFSS absolutely must meet for the program to be 

successful; failure to meet any of these items would result in likely cancellation of the 

program.  The three items, identified by the SFSS Program Management Office (PMO) 

included: 

1. Certification: Regardless of size, the solution must still be certified to the critical 

safety requirements of RCC 319-07 

2. Size:  Current flight termination systems which include the receiver, safe and arm 

controller and explosive interface typically require volumes in excess of 85 in
3
 

(potentially as large as 125 in
3
).  The target for the new FTS and additional 

encoder, GPS/TSPI, transmitter and encryptor capabilities is 16.5 in
3
, with an 

aspiration for even smaller volume to allow the system to be used for testing in as 

many current and future weapon systems without requiring warhead removal.  

Table 1 shows a comparison of the smallest potential system built with today’s 

readily available hardware and an existing installation. 

 

 

Table 1 Existing FTS Installation Volumes 

Smallest Available                 

COTS Modules

Size 

(in3) # Req Total

Power 

(W)

Sample of an Average                    

Existing System

Size 

(in3) # Req Total

Power 

(W)

Quasonix Tri-Mode TX 6.0 x 1 6.0 33.5 TM Transmitter 3.3 x 1 3.3 30.0

EFTS Receiver 3.8 x 2 7.6 1.7 FTR 3.6 x 2 7.2 15.1

Microsystems 251-2 Beacon 9.3 x 1 9.3 1.8 C-Band Beacon 11.4 x 1 11.4 9.0

L3 PCM320 & ASM 310 8.8 x 1 8.8 9.9 PCM Encoder 12.8 x 1 12.8 10.0

L3 ISM-1000 14.0 x 1 14.0 4.0 Encryption 14.0 x 1 14.0 4

66.7 62.1 89.8 75.1Volume  & Estimated Average Power Consumption

2 21.0 41.1 x 111.2 Interface Module

Volume & Estimated Average Power Consumption

41.1 7.0JAMI FTSA 10.5 x



3. Interoperability: The SFSS shall be interoperable with existing range assets 

including JAMI and TM ground stations, as well as ground Enhanced FTS 

(EFTS) so at to have little or no impact on these capabilities. 

Critical Technical Parameters 

While not as absolutely critical as the KPP, a number of technical/functional 

requirements were specified for which the SFSS has to meet to ensure acceptance and 

usability throughout the weapon community.  For each CTP, two criteria were specified – 

a minimum acceptable threshold value to meet the capabilities of today’s weapon 

systems, and an objective/desired value to meet the requirements of future weapon 

systems.  The CTP and their associated threshold/object values are listed below: 

 Threshold Objective 

Maximum Velocity 5000 ft/sec 7500 ft/sec 

Altitude Sea Level to 100Kft Seal Level to 150Kft 

Acceleration 50g 75g 

Operating Life 1000 hours 

TM Modulation ARTM Tier 0, 1 ARTM Tier 0,1,2 

TM Data Rate 10 Mbps 30 Mbps 

GPS Accuracy 125 ft 30 ft 

GPS Time to First Fix 3 seconds 

FTS Operating Temperature -55
o
C to +85

o
C 

TM Low Operating Temperature -45
o
C 

Qualification Testing requirements based on a composite 

profile of a number of existing weapon 

environmental profiles  

 

Many of the environmental and related parameters are associated with meeting the needs 

for missiles and other high dynamic weapons, and are required to track air-to-air weapons 

during launch and throughout the missile flight.  Functional CTP parameters specifically 

targeted TM and GPS, as the combination of these two items are needed to support TSPI 

and tracking requirements. 

CHALLENGES 

It may seem as if the sole, simple goal of the development effort is to miniaturize the FTS 

and TM components, but there are a number of additional challenges that have 

significantly influenced design decisions.   

Size 



The continuing advancements in commercial technology have been the key underlying 

principle for the SFSS development, cell phones being the most obvious example in 

which size has been drastically reduced while gaining improvements in performance and 

technology. 

Prior to the SFSS program award, Eglin had funded a number of external and internal 

development efforts to validate this philosophy in the FTS and DAS related applications.  

Figure 1 below shows current off-the-shelf products and the risk reduction size efforts 

that have already taken place.   

 

Figure 1 Current FTS versus CFTM 

 

These proof-of-concept Common Flight Test Modules (CFTM) included: 

 Funding Quasonix LLC for miniaturization of their S-Band Transmitter funding  

 L-3 Communications – Cincinnati Electronics for miniaturization of their 

Enhanced Flight Termination Receiver (EFTR) funding  

 L-3 Communications – Telemetry East for miniaturization its standalone 

encryptor used on weapons’ platforms 

 Internal funding for a basic Encoder capability 

 Internal funding for the termination components, including the Safe and Arm 

Controller, Explosive Bolt (EB) Interface Module and Low-Energy Explosive 

Foil Initiator (LEEFI) Module. 

65% size reduction

42% less power 
hungry

Existing COTS modules

Total Volume = 65.2in3

Average power consumption = 62.1W 

CFTM

Total volume = 23.1in3

Average power consumption = 36.0W 

SFSS 
THRESHOLD

Size 16.5in3
Power  < 36.0W



 Directed Use of the Qinetiq QHD20 GPS Receiver 

In unison, these developments gave initial credibility that the volume objectives were 

achievable and led to follow on efforts to define overall program requirements as well as 

obtain funding for the development and initial qualification. 

Size, however, is affected by other program requirements and implementation decisions;  

a few examples of some requirements that have had effects. 

 RCC-319 Pin Derating:  The Explosive Interface Module requires a large current 

surge during arming.  The desired use of smaller nano-connectors to drive size 

smaller is counteracted by the need for more pins and wider connector to carry the 

required current.  The alternative is to use a Micro-D connector, whose pins can 

carry more current, but are higher. 

 The requirement to meet a wider temperature range necessitated the inclusion of 

components to support guaranteed operation below -40
 o

C.  Multiple solutions 

were identified and the one that could be optionally removed for applications that 

have reduced temperature ranges was selected.  However, this  still had an impact 

on volume. 

Temperature 

Most parts used today are industrial grade, that being that they will perform to 

specification over a typical temperature range of -40
o
C to +85

o
C.  This operating 

temperature range makes guaranteed conformance to the low temp requirements 

impossible.  While there has been some growth in the upper temperature limit for some 

industrial components, the low end has not moved and designers have had to resort to 

military grade parts to fully meet this requirement.  

Safety 

Regardless of size, the unit must still meet all applicable range and system safety 

requirements.  The incorporation of the EFTR into the system architecture plays a key 

role in improving the safety of the termination system, by making the communication 

interface digital and encrypted. These new methods make it significantly harder for the 

FTR function to incorrectly decode an uplink command or be spoofed. 

SYSTEM ARCHITECTURE 

Figure 2 shows the SFSS system architecture, in which the gray blocks represent 

differential physical module and their associated functions. Note that the overall system 

architecture closely matches the functional allocation of the traditional FTS and other 

DAS components.  The main unique features of the new system architecture include the 

use of a common communication bus to allow for the modules to communicate, highly 

integrated GTS, and shared power supply/conditioner modules 



 
 

 

Figure 2 SFSS System Architecture 

 

Figure 3 shows the original notional concept for the SFSS, in which all of the modules 

were physically combined into one single block, taking advantage of intra-module 

connectors to help minimize external wiring by the weapon developer/maintainer/user.  

One of the other requirements was to additionally support a modular installation, in 

which each module was of the block was to be separate standalone unit, thus allowing for 

use in weapons that could not accommodate the SFSS as a single large unit. 
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Figure 3 Original Notional SFSS Concept 

 

 

SYSTEM DESIGN 

While most of the functional requirements were well defined, the issue of size and 

modularity has posed a sustained challenge to the program, as any new or changed 

requirement, no matter how minute, can have an impact on the overall volume of the 

SFSS. 

Partially because of the unique physical requirements of the EIM, which includes a 

special high voltage capacitor for the EB-EIM and a special connector for the LEEFI, a 

decision was made to split the single block permanently into three smaller sub-systems 

along functional lines: 

1) TM Subsystem composed of the Encoder, Encryptor and Transmitter.   This 

system operates over a bit rate of 500 kbps to 30 Mbps; some general module 

characteristics: 

 Transmitter: ARTM Tier 0/1 (Selectable), 5W, Programmable over full S-

Band range 

 Encryptor: Type I 

 Encoder: 

i. Programmable Format, Bit Rate, Word Size.    

ii. Supplies five independent serial ports to accept data from weapon data 

sources.  The higher speed differential channels provide handshaking 

signals so as to be able to control and synchronize the operation of the 

weapon source. 

iii. Supplies multiple configuration buses to perform configuration and status 

functions.  Collected status is inserted into the PCM output data stream to 

allow for monitoring by the ground station 
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iv. Includes the JAMI compatible Qinetiq QHD20 GPS Receiver.  Messages 

received from the receiver are inserted into the PCM output data stream 

and also used to seed the encoder time code generator for PCM timing 

functions. 

v. Provides the single-point of programming interface to the SFSS. 

2) Identical FTS subsystems that are composed of physically separate receiver and 

termination components.  The receiver block includes the power conditioner for 

the entire FTS subsystem, which performs the required power filtering and 

voltage regulation.  The FTS system is redundant, with cross strapping provided 

to allow one system to monitor the status of the other. 

 The Subminiature Enhanced Flight Termination Receiver (SEFTR).  A 

smaller version of the L-3 Cincinnati Electronics CR-128 EFTR.  

 Two different versions of the L-3 Fuzing and Ordnance Systems (FOS) Safe 

and Arm Controller (SAC).  The first type is used for weapons with 

discernible longitudinal acceleration, while the second type is used for gravity 

type weapons.  Each type provides specific logic for determining whether the 

appropriate conditions have been met prior to entering an armed state.  

 Two different versions of the L-3 FOS Explosive Interface Module: the EIM 

and the LEEFI.    The EIM type selected for a weapon is the developer’s 

preference.   

The SAC/EIM modules interface directly to the weapon, and provide status signals 

that allow the weapon to implement and activate its own inherent termination 

methods if required.  For example, on MALD, the control signals that are provided 

allow the vehicle to determine if the fuel should be shut off. 

Figures 4 through 7 show the different subsystems that result from the decomposition of 

the original block concept.  The downside to this arrangement is that requires that some 

of the connections that had been internal originally to become defacto “external 

connectors”; that is wiring harnesses must now be provided to support intra-SFSS 

communication and signaling.  However, this drawback is somewhat better than what 

would have been required for a completely modular design.   

To minimize the effects of this change, the connectors for each affected module are 

defined so as to keep SFSS internal signals separated from weapon interface signals.  

This thus allows the SFSS components to be supplied with prefabricated, qualified cables 

that eliminate the user from having to manufacture them.   For the weapon interface 

cable, the designer has the option of designing a cable harness that is customized to the 

characteristics of the weapon.  The alternative is the design of a simple point-to-point 

cable that connects to a weapon specific distribution box, thus allowing the weapon prime 

to use a consistent implementation across all platforms.  



 

Figure 4 TM Subsystem 

 

Figure 5 FTS Subsystem - PC & SEFTR 

 

 

  
 

Figure 6 FTS Subsystem – SAC & EB (Front & Rear Views) 

 

  
 

Figure 7 FTS Subsystem – SAC & LEEFI (Front & Rear Views) 

 

The benefits of modular subsystem design include: 

 The smaller pieces can be installed easier in multiple locations rather than 

attempting to install one larger unit 

 Volume is saved, and mechanical design efforts are reduced, as the module 

designs are not constrained to meeting a single common set of dimensions. 

 Each subsystem includes an internal connector for intra-subsystem signaling and 

communications 



Because SFSS is being designed for weapon systems, temperature is a prominent 

performance characteristic.  Typically, the weapon will be external to the aircraft, being 

exposed to a wide range of temperatures, especially while in flight.  During a test flight, 

the weapon will be exposed to low temperature extremes that require unique measures to 

guarantee operation after the application of prime power to the SFSS components. 

To support this requirement, after a review of possible solutions, the decision was made 

to employ a heater blanket concept for each of the SFSS subsystems.  The design of these 

units is such that they will incorporate components whose operation is assured to work to 

-55
o
C, and will operate as long as the temperature remains below a set point.  These 

blankets are screwed down to their respective subsystems, and are not required for those 

weapons in which the low operational temperature range of the vehicle is above -40
o
C. 

EXTENSIONS 

The SFSS Encoder capability provides the serial interfaces necessary to collect data from 

a variety of weapon sources, GPS time and status from other SFSS components, and 

encode them into the required PCM output stream.  The main piece of the puzzle that is 

missing from this configuration is the traditional DAS type function – that is, the 

interfaces and signal conditioning to other weapon sensors. 

The SFSS Encoder module includes five independent serial interfaces that can be used 

for any purpose.  To support the desired signal conditioning requirements, small DAS 

units, similar in size reduction that will be achieved in the SFSS, can be developed using 

similar techniques and making use of the existing power conditioner module to provide a 

foundation.   These new DAS systems would operate in a manner similar to the weapon 

system data sources, using the synchronization signals from the SFSS Encoder to control 

the collection and output of data.  Multiple DAS systems could be incorporated, or could 

implement a master-remote mechanism to allow for more channels to be processed 

throughout the vehicle 

SUMMARY 

Miniaturization, in concept, is a simple task: take existing functionality and just make it 

smaller.  However, when levied with very unique data acquisition and flight termination 

requirements, the process becomes quite arduous and requires investigation of new parts 

and technologies.  This has also necessitated studies and tradeoff with inputs from the 

team members to determine the path forward that addresses the program KPPs.  

Further miniaturization is possible thru the development of Application Specific 

Integrated Circuits (ASICs), albeit a fairly high development cost, or further 

advancement of FPGA technology, in which more discrete capabilities can be 

incorporated into a fewer number of parts.  Either way, the segregation of  functionality 

across the various SFSS subsystems will allow for the introduction of new components as 

technology allows. 




