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ABSTRACT 

SFSS is a universal, small, and low cost, functionally redundant flight termination system 
(FTS) that incorporates encoding, processing and TSPI capabilities, provides critical 
health/safety/welfare monitoring and allows for highly efficient telemetering of weapon 
application and FTS data. The SFSS is intended as a solution to provide weapon system 
developers, test agencies, and range safety officers the ability to track, monitor, and if 
necessary, terminate all types of weapon systems.  

The SFSS components are intended to significantly reduce the recurring costs and 
improve the quality of test support by minimizing physical intrusion into weapon 
systems, and potentially eliminating the need for warhead removal.   In addition, a 
common hardware suite assists in reducing the overall system cost of acquisition, a key 
element in today’s world of stressed budgets.  The SFSS is designed to interface with 
newly developed weapon systems, while providing the capability to be integrated into 
existing weapon systems with nominal modifications to the platform.   

The SFSS development is a multi-disciplinary effort, whose participating organizations 
include industry suppliers, range and system safety representatives, and technical offices 
from all branches of the armed services, as well as the weapons vendors to ensure that 
applicable technical and regulatory requirements are met.  The original requirements for 
the project were defined within the SFSS System Performance Specification (SPS), 
which has undergone a number of updates as the design effort has progressed from 
concept to assembly and debug of the prototype components.  This paper will provide an 
overview of the overall program status, key features of the SFSS including features added 
during development, critical design challenges, and additional activities planned to 
enhance the functionality of the system. 
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PROJECT REQUIREMENTS REFRESHER 

The following section restates the SFSS project requirements. 

The SPS establishes a number of Key Performance Parameters (KPP) and Critical 
Technical Parameters (CTP) for the SFSS.  The KPP for the SFSS Project were driven by 
the need for realistic developmental and operational testing of existing and emerging 
miniaturized production-representative weapons.   Weapon system testing has been, and 
continues to be, compromised as there are no safety-qualified FTS/Telemetry (TM) 
systems currently available that are capable of being integrated into these small future 
weapons. 

Key Performance Parameters 

The KPP are those items for which the SFSS absolutely must achieve for the program to 
be considered successful; failure to meet any of these items would result in likely 
cancellation of the program.  Three items were identified as KPP by the SFSS Project 
Management Office (PMO) included: 

a. Certification: Regardless of size, the solution must still be certified to the safety 
requirements of the Flight Termination Systems Commonality Standard, Range 
Commanders Council Document 319-07 (RCC 319-07). 

b. Interoperability: The SFSS shall be interoperable with existing range assets 
including the Joint Advanced Missile Instrumentation (JAMI), Telemetry, and 
Enhanced FTS (EFTS) ground systems.   

c. Size:  Current flight termination systems which include the receiver, safe and arm 
controller and explosive interface typically require volumes in excess of 85 cubic 
inches (in3) (potentially as large as 125 in3).  The target for the new FTS and 
additional TM encoder, GPS/TSPI, transmitter and encryptor capabilities is 19 
in3, 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 below shows a comparison of the smallest potential system built with 
today’s readily available hardware and an installation based upon integration of 
the SFSS with additional weapon specific support components.  
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Table 1 – Comparison of Traditional and SFSS-Based TIK/FTS Installations 

 

 
Notes: 

1. The TM Subsystem consists of the Encoder, Encryptor and Transmitter 
2. The FTS system consists of the Flight Termination Receiver, Safe and Arm 

Controller and Explosive Interface Module  
3. Size is estimated.  This is a weapon specific component that provides a “junction 

box” to interface the various SFSS components to weapon components, thus 
alleviating the need for “hydra” type connectors.  This type of component may 
already be employed on various weapons.   
 

Critical Technical Parameters (CTP) 

Along with the KPP, a number of technical/functional requirements were specified for 
the SFSS 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: 

Table 2 – SFSS Critical Technical Parameters 

 Threshold Objective 
Maximum Velocity 5000 feet/second 7500 feet/second 

Altitude Sea Level to 100Kft Sea 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 feet 30 feet 

GPS Time to First Fix 3 seconds 

FTS Operating Temperature -55oC to +85oC 

TM Low Operating Temperature -45oC 
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Qualification Composite Profile 

 

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 critical parameters 
specifically targeted TM and GPS, as the combination of these two items are needed to 
support TSPI and tracking requirements. 

SFSS Program Validation 

One of the key aspects of the program is to have the SFSS perform a flight test on an 
existing weapon platform, thus fully demonstrating its capabilities in a real-world 
situation.  The platform target for this effort is the Joint Air-to-Surface Standoff Missile 
(JASSM), which has resulted in the need for SFSS to meet additional environmental 
requirements, including; longer, more strenuous vibration tests along with additional 
electromagnetic (EMI) testing.  

SFSS COMPONENT OVERVIEW 

The SFSS is composed of two high-level functional blocks; the Flight Termination (FTS) 
Subsystem and the Telemetry (TM) subsystem.   
 

1) TM Subsystem is composed of the Encoder, Type I Encryptor and Transmitter.   
This system operates over a bit rate range of 500 kilobits per seconds to 10 
Megabits per second (Mbps) minimum. Referenced below are some general 
module characteristics: 

 Transmitter: ARTM Tier 0/1 (Selectable), 5 watt, programmable over full 
S-Band range 

 Encryptor: Type I, including TM Power conditioning, Power separation 

 Encoder: Programming interface, multi-channel serial interface data 
acquisition (5 Ports), GPS, FTS control and monitoring 

2) Two identical FTS subsystems composed of two modules one a Receiver/FTS 
Power Conditioner and the other the termination component.  Two FTS 
subsystems are required for redundancy, with cross strapping provided to allow 
one FTS subsystem to monitor the status of the other.  Referenced below are some 
general FTS module characteristics: 

 A Subminiature Enhanced Flight Termination Receiver (SEFTR): digital 
(not tone based), 3-DES encryption, programmable command frequency.   

 Power Conditioner (PC): Provides FTS power conditioning with 
independent power supplies for each FTS subsystem component, and also 
provides arming power to the Safe and Arm controller/Explosive interface 
module for the subsystem. 
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 Four different versions of the SFSS termination component are available, 
depending on application requirements, including; Safe and Arm 
Controllers in both Type I or Type II configuration, as well as Explosive 
Interface Modules for either Explosive Bolt or Low-Energy Explosive Foil 
Initiator versions.  

i. There is one SAC type (I) for weapons with discernible 
longitudinal acceleration, and a second type (II) is used for gravity 
type weapons.   

ii. There are also two types of EIMs: Explosive Bolt (EB) Module 
and Explosive Foil Initiator (EFI) Module.  

The SAC/EIM module interfaces directly to the weapon, and provides 
status signals that allow the weapon to implement and activate its own 
inherent termination methods if required.  

The termination component for the JASSM program is a SAC Type II-EFI 
that is consistent with the weapon’s existing termination component. 

A complete SFSS consists of five separate small blocks that allow for easier installation 
into the weapon.   To assist the integrator with this effort, the SFSS is supplied with 
qualified intra-subsystem cabling that supports point-to-point signaling and 
communications between the components. 

As can be seen in the CTP table, temperature is a prominent performance characteristic 
that has included in the design to accommodate low operating temperatures.  This has 
been done using two methods: 

 For the TM subsystem and the PC/SEFTR module of the FTS subsystem, an 
integral heater has been incorporated.  The heater consists of an external thermal 
monitor that controls an internal heating mechanism and disables power when 
temperature is below the traditional -40oC operating limit. 

 For the SAC/EIM module, all of the parts that have been selected meet a low 
operating temperature of -55oC. 

SYSTEM ARCHITECTURE 

Figure 1 shows the physical SFSS modules and their associated functions. Note that the 
overall system architecture closely matches the functional allocation of the traditional 
FTS and other DAS components.    
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Figure 1 – SFSS System Architecture 
 
In the traditional architecture, the FTS and TM/Encoder systems were completely 
separate functions that were individually procured by the weapon prime/integrator, and 
were only associated by the need for the TM system to monitor the health and status of 
the FTS components.   

The TM-FTS relationship is one of the primary benefits of the SFSS system.  In this 
architecture, each of the FTS components is designed with the ability to generate and 
digitally provide the required safety measurements (items such as internal temperature 
and power monitoring).  This capability by itself reduces or possibly even eliminates the 
need for a traditional signal conditioning module that itself would require additional 
installation space. 

PROJECT STATUS 
Development/Test Status 

First generation SFSS hardware has been built and has completed an initial run of 
module, sub-system and system level development verification testing (DVT) and 
environmental tests.  The DVT results, while not 100% successful, have demonstrated 
that achieving the program performance goals are within the grasp of the SFSS design 
team.   
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Figure 2 below shows the actual SFSS development hardware. The number of units 
necessary to implement the same functionality (PCM encoding and transmission, GPS, 
encryption, FTR and termination), is significantly less with SFSS compared to today’s 
typical FTS/TM system.  

 

Figure 2 – Traditional/SFSS Component Comparison 

 

The photo on the left shows today’s typical weapon TIK, the photo on the right is the 
SFSS solution, providing a highly space efficient TIK for legacy as well as future 
miniature weapons. 

In the photo on the right, five SFSS components are shown.   

 Top: TM Subsystem  

 Middle: Two SEFTR/PC Assemblies 

 Bottom Left: SACII/EB  

 Bottom Right: SACI/EFI 

The connectors shown on the SAC/EIM devices are the intra-SFSS and external weapon 
interface connectors.  These connectors are identical regardless of environment and 
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termination type; the only connector that changes is on the opposite face.  This allows a 
weapon vendor with multiple programs having different termination mechanisms to 
integrate different standard versions of the SFSS with minimal effort. 

The majority of issues that have been encountered during DVT testing have been EMI 
related, which was not surprising given the functionality compacted into a few small, 
tightly integrated units, that traditionally had been separately installed (with distance thus 
providing some isolation between the units). Some design tweaks and testing changes 
were identified with this existing DVT hardware which cleared a number of DVT related 
problems; the remaining issues have been analyzed by the members of the SFSS design 
team and solutions have been identified that will be incorporated into the second 
generation hardware due out in the second half of 2013.  

Signal Conditioning 

The partnership with the JASSM program for the flight demonstration vehicle has 
accelerated the need for a separate analog signal conditioning/instrumentation capability 
to support acquisition and encoding of non-FTS signals that are mandatory for the test of 
the weapon.  These specific signals included various temperatures and power monitors 
from other components within the weapon. 

As the SFSS was entering the initial DVT and qualification phases, it was mandatory that 
the data encoding function not require any changes to the TM EPT module.  These 
requirements were met by modifying the commercial-off-the-shelf NetDAS data 
acquisition system to provide an electrically compatible interface to the EPT low voltage 
differential signaling (LVDS) serial interface port using one of the two handshaking 
modes that had been implemented. The EPT differential ports were not available for this 
data source as they are required for data from other JASSM data sources. 

A traditional data acquisition system typically outputs data as it is sampled.  The EPT, 
however, is designed to work with the transfer of blocks of data coming from devices 
such as mission computers, video/seeker sources and so on.  As the data being collected 
comes from a traditional instrumentation source, it was decided to have the unit run 
synchronously to the operation of the EPT format.  To implement that capability, the 
NetDAS signal controller was modified to use the major frame sync pulse provided by 
the EPT to control two facets of its operation: 

 Commence its commutation schedule.  As data is collected from the various 
sources, data is buffered rather than output.  

 Output a previously collected major frame of data.   

This method, while it does create a one major frame delay in the transmission of data, 
maintains the standard sampling relationship, provides means to the user for knowing 
when data was sampled, and mitigates the need for any special ground processing 
functions, as there is a one-one correspondence between a word sampled in the NetDAS 
system and its associated location within the EPT output.  
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Encryption 

The Type I encryption component used in the SFSS encryption module was selected to 
meet miniaturization constraints, but is not interoperable with current test range 
infrastructure. 

This shortfall has been addressed:  efforts to retrofit SFSS with new Type I COMSEC 
devices that are interoperable with the test ranges are underway, and are anticipated to 
have little or no impact on the overall size of the platform.  While this effort will not be 
completed in time for the second generation hardware and the performance of the next set 
of verification tests, the fact that a device will be available will ease the test community’s 
concern over new or additional infrastructure costs for encryption.  SFSS weapon 
demonstration plans include flight test with the compatible Type I COMSEC devices. 

SUMMARY 
Overall the SFSS project provided a number of technical and programmatic challenges, 
including the miniaturization of design and integration endeavor required to properly 
validate the product.  Since kickoff, a significant amount of progress has been made and 
there has been some give and take in balancing programmatic requirements against the 
development efforts to refine requirements as needed.    

The inclusion of the AGM-158 (JASSM) onto the SFSS team provides an independent 
evaluation of the capabilities of the SFSS. Currently the JASSM teams assessment is that 
incorporation of the SFSS will be beneficial to implementing various weapon 
improvements, both on JASSM and on future weapons systems. 
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