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ABSTRACT 

 
The Test and Training Enabling Architecture (TENA) is implemented within the TENA 
Software Decommutation System (TSDS) in order to bring TENA as close as possible to the 
sensor interface.  Key attributes of TSDS include:   
 

• TSDS is a software-based approach to telemetry stream decommutation implemented 
within Java.  This offers technical advantages such as platform independence and 
portability. 
 

• TSDS uses auto code generation technologies to further reduce the effort associated with 
updating decommutation systems to support new telemetry stream definitions.  Users of 
TSDS within the range are not required to have detailed knowledge of proprietary 
protocols, nor are they required to have an understanding of how to implement 
decommutation within software.  The use of code generation in software decommutation 
offers potential cost savings throughout the entire T&E community.   

 
• TSDA offers a native TENA interface so that telemetry data can be published directly 

into TENA object models.   
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INTRODUCTION 
 

The TENA Software Decommutation System (TSDS) was originally developed as part of a 
Central Test and Evaluation Investment Program (CTEIP) project known as Pacific Region 
Interoperability Test and Evaluation Capability (PRITEC).   TSDS leverages the Test and 
Training Enabling Architecture (TENA) to increase flexibility and interoperability when 
processing telemetry data.  TSDS implements TENA within the decommutation process in order 
to bring TENA as close as possible to the data source and reduce system latency associated with 
data translation.  In addition, TSDS provides code generated software decommutation for 
flexible and agile processing of telemetry data.  This paper discusses the design of TSDS as well 
as the benefits of TENA and code generated software decommutation in telemetry applications. 
 
 

TSDS OVERVIEW 
 

There are three attributes of TSDS that distinguish it from traditional telemetry decommutation 
systems: 
 

• TSDS offers a native TENA interface so that telemetry data can be published directly into 
TENA object models for processing on the range  

• TSDS is a software-based approach to telemetry stream decommutation implemented 
within Java, which is highly portable across multiple platforms and runs on standard PC 
hardware, reducing acquisition and maintenance costs 

• TSDS leverages auto code generation technologies to reduce the effort associated with 
updating decommutation systems to support new telemetry stream definitions.  The use 
of code generation in software decommutation offers potential cost savings throughout 
the life cycle of the system.   

 
The Telemetry Sensor Decommutation System (TSDS) provides code generated software 
decommutation for flexible and agile processing of telemetry data.  Bit synchronization and 
frame synchronization are performed before data is sent to TSDS, using hardware from any 
number of vendors, and TSDS takes as an input a time tagged minor frame encapsulated within a 
packet.  The TSDS then extracts individual measurements from raw telemetry input data and 
publishes user-selected measurements to the Test and Training Enabling Architecture (TENA).  
There are two major components for the TSDS: the Telemetry Configuration System (TCS) and 
the Telemetry Decommutation System (TDS).  
 
The TCS allows the user to graphically create, configure and maintain telemetry decommutation 
information for a variety of telemetry stream definitions. Importing of telemetry stream 
definition is accomplished through telemetry attributes transfer standard (TMATS) or ad-hoc 
representations such as extensible markup language (XML) or excel spreadsheet. The TCS is 
driven entirely by a graphical user interface, which allows the user to graphically define a 
mapping between the telemetry stream definition and target protocol for publication.  Any 
conversion or transformation function applied to the telemetry data during processing, such as 
scaling, engineering unit conversion, or reference frame conversion, are also defined and applied 
at this point in time.  While other protocols can be used, TSDS provides a native TENA interface 
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for publication to a TENA telemetry object model.  This component is known as the Map Editor.   
The Configuration Editor within the TCS controls other configuration parameters.  Once the user 
has defined how the telemetry stream definition is mapped to TENA, the TCS actually generates 
executable code that implements the decommutation system as defined by the user through the 
TCS.  This code is then imported into the TDS for use during a test event. 
 
The TDS consists of a static execution framework that works with the generated code to 
implement a test-specific instance of a decommutation system.  The generated code is based on 
user inputs from the TCS, starting with an imported stream definition and including instructions 
on how individual telemetry parameters must be transformed and mapped to the publication 
protocol, including TENA.  The TDS assumes it will receive as input minor frames as defined in 
RCC IRIG 106 standards wrapped in an internet protocol (IP) packet. Bit synchronization and 
identification of major and minor frames is accomplished using existing, traditional bit and frame 
sync hardware.   Figure 1 highlights the major components of the TSDS configuration system 
and runtime decommutation system. 
 

 
Figure 1  TSDS components including TCS and TDS 

 
In order to provide the flexibility required to handle a variety of telemetry streams, the runtime 
TDS of the TENA software decommutation system is implemented with a modular architecture 
comprising 4 major components.   As shown in Figure 2, these components provide data 
acquisition, data decommutation, mapping and unit conversion, and data publication and 
distribution.   
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Figure 2.  TSDS Architecture 

 
The telemetry acquisition module is responsible for obtaining raw telemetry minor frames, each 
encapsulated in an IP header upstream of the TSDS.  This module also provides a driver for 
access to the network, provides selectable minor frame size, and enables overload control. 
 
Within the TDS, data is then passed from the acquisition module to the actual telemetry 
decommutator.   The decommutator accepts telemetry minor frames, extracts data for mapping to 
the publication protocol, converts data to a standard representation, and provides optional 
logging to verify operation.   Data is then passed to the telemetry mapper module. 
 
The telemetry mapper module accepts the extracted telemetry data from the decommutation 
module, applies required engineering unit and other conversion as defined by the user prior to the 
event, maps the telemetry data to the publication protocol, in this case TENA, and provides 
optional logging to verify operation.  Data is then sent to the protocol publisher module. 
 
The TENA publisher module then receives the mapped data and publishes it to TENA.  It also 
performs initialization and termination of the connection and provides optional logs to verify 
operation. 
 
Each of the four modules described above is implemented as a threadable process.  For system 
scalability, the telemetry decommutation and mapping modules can be split into multiple threads. 
This multi-threaded design allows TSDS to take advantage of multi-processor and multi-core 
computers.  Communications between threads is accomplished via circular buffers, which are 
data structures designed for unidirectional transfer of data from one process or thread to another.   
Benefits of circular buffers for inter-thread communication are that they require minimal 
overhead, can be automatically synchronized, can be allocated in shared memory, and provide 
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automatic overlade detection with smart overload control, in which oldest items are discarded 
first.   
 
 

CONCLUSION 
 
The TENA software decommutation system provides the following benefits to the T&E 
community: 
 

• Native TENA Interface: While the modular design of TSDS supports publication to a 
variety or range protocols, TSDS provides a native interface to TENA.   TSDS receives 
minor PCM frames as an input and publishes TENA object models to the range network. 
 

• Platform Independence: TSDS runs on standard PC hardware, which reduces cost, and 
is implemented in Java, which enhances portability across multiple platforms.  

 
• Ease of Use:  No software development expertise is required to implement changes in the 

telemetry stream definition or in the display or publication of data.  The TSDS has a user 
friendly GUI to allow the user to configure the decommutator.  

  
• Performance:  TSDS supports complex telemetry streams, including both synchronous 

and asynchronous data, as well as video.   The TSDS application is multithreaded to take 
advantage of multiple cores and processors. 

 
• Multiple Input Standards: The TSDS should accept multiple definitions for the 

incoming telemetry stream including TMATS and other ad-hoc representations such as 
XML or Excel spreadsheets 

 
• Remote Performance Monitoring:  The TSDS includes a display for remote 

performance monitoring and control of multiple instances of decommutators in the 
network.   

 

 
 




