
The Test and Training Enabling Architecture, TENA, Offers 
Range Interoperability and Resource Reuse Solutions 

By 
 Gene Hudgins (Primary) 

TENA Software Development Activity (SDA) 
557 Mary Esther Cut-Off 

Ft Walton Beach FL  32548 
850.244.7765 (Voice) 850.244.7590 (FAX) 

 
Jason Lucas  

TENA SDA Deputy Director 
201 West Eglin Blvd, Suite 258 

Eglin AFB FL 32542 
850-882-8169 

 

Introduction 
Today, our warfighters test and train mostly on the geographically dispersed Department of 

Defense (DoD) land, sea, and air test and training ranges that are scattered across the United States 
from border to border and ocean to ocean.  Today’s military test and training events range from individual 
systems under test, to small-unit maneuvering, to large-scale Joint Services exercises, such as the United 
States Joint Forces Command (USJFCOM) Joint National Training Capability (JNTC) events conducted in 
2005 where simulated and constructive and live-fire events were blended to enact representative 
scenarios spread across several states.  Data collected during these events, whether from a maneuvering 
tank platoon, or the employment of armor and infantry divisions and hundreds of aircraft sorties, provides 
weapon systems evaluation and validation, and perhaps more importantly, can quickly and definitively 
illuminate any necessary improvements to ensure effective and safe weapon system operation and 
training.  This data also invariably affects almost every aspect of range operation and management, 
including budget definition and approval. 

While the early evolution of range data collection and analysis systems resulted in a vertical 
“stovepipe” growth of the instrumentation and instrumentation suites, there has been recent movement 
toward the advantages brought to range systems by the concepts of range interoperability and range 
resource reuse, concepts that allow for taking easy advantage of the growth in modeling and simulation 
and its revolutionary application to training, concepts that were being forwarded in the late 1990s by the 
Foundation Initiative 2010 (FI 2010) project, which was sponsored by the Office of the Secretary of 
Defense (OSD) Central Test and Evaluation Investment Program (CTEIP).   

Interoperability is the characteristic of an independently developed software element that enables 
it to work together with other elements toward a common goal.  Interoperability focuses on what is 
common among software elements.  Reuse is the ability to use a software element in a context for which 
it was not originally designed, so reuse focuses on the multiple uses of a single element and requires 
well-documented interfaces.  To achieve interoperability, a common architecture, an ability to 
meaningfully communicate (including a common language and a common communication mechanism), 
and a common context (including the environment and time) must be present.  To bring the efficiency and 
economic advantages of interoperability and reuse to the DoD test and training ranges, FI 2010 
developed the Test and Training Enabling Architecture, TENA.  The FI 2010 program completed the initial 
interoperability and reuse efforts in early Fiscal Year 2005, and the continuing interoperability and reuse 
refinement of TENA is now managed by the TENA Software Development Activity (TENA SDA). 
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TENA Offers Blueprint for Interoperability and Resource Reuse 
The TENA architecture is a technical blueprint for achieving an interoperable, composable set 

(composibility is defined as the ability to rapidly assemble, initialize, test, and execute a system from 
members of a pool of reusable, interoperable elements) of geographically distributed range resources—
some live, some simulated—that can be rapidly combined to meet new testing and training missions in a 
realistic manner.  Please refer to Figure 1. TENA is made up of several components, including a domain-
specific object model that supports information transfer throughout the event lifecycle, common real-time 
and non-real-time software infrastructures for manipulating objects, as well as standards, protocols, rules, 
supporting software, and other key components.   
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Figure 1.  TENA Architecture Overview 

The TENA Middleware combines distributed shared memory, anonymous publish-subscribe, and 
model-driven distributed object-oriented programming paradigms into a single distributed middleware 
system.  This unique combination of high-level programming abstractions yields a powerful middleware 
system that enables the middleware users to rapidly develop complex yet reliable distributed applications.  
The TENA Middleware, available for download at the TENA SDA web site--http://www.tena-sda.com, is 
currently at Release 5.1.1 and supports the following platforms: 

Embedded Planet GCC 3.2.2 
Linux Red Hat 8 (2.4.18 kernel), GCC 3.2 
Linux Red Hat 9,(2.4.20 kernel), GCC 3.2.2 
Linux Fedora Core 3 (2.6.11 kernel), GCC 3.4.3 
Linux Fedora Core 4 GCC 4.0.x 
Linux Red Hat Enterprise Workstation 4 (2.6.9 kernel), GCC 3.4.3 
Phar Lap ETS - NetAcquire 
SGI IRIX 6.5 (22m), MIPSpro 7.4.2m 
Solaris 8 (Sparc), GCC 3.2.3 
Solaris 10 Sun Spro 5.8 
Windows 2000 (SP4), MS Visual C++ 7.1 (.NET 2003) 
Windows XP (SP2), MS Visual C++ 7.1 (.NET 2003) 

 Platforms anticipated for future releases include MAC OS 10.4.2, GCC 3.3 and VxWorks 6.1, 
GCC 3.3.2.  Release 5.1.1 also has some significant performance enhancements:  Eager Discovery (aka 

http://www.tena-sda.com/


Non-Lazy Discovery) which eliminates the need for “heart beating” objects that do not change their state 
frequently; SDO State Update Transmission Size Reduced which eliminates information previously 
needed for lazy discovery from update transmission; Best Effort State Update Transmissions Reduced 
which cuts the number of IP multicast transmissions when a derived object is updated and applications 
subscribe only to the derived class, not the base class; and Managed Pointer Optimizations which make 
ProxyPtr, ServantPtr operations faster.   

The TENA object model consists of those object/data definitions, derived from range 
instrumentation or other sources, that are used in a given execution to meet the immediate needs and 
requirements of a specific user for a specific range event.  The object model is shared by all TENA 
resource applications in an execution.  It may contain elements of the standard TENA object model 
although it is not required to do so.  Each execution is semantically bound together by its object model. 

Therefore, defining an object model for a particular execution is the most important task to be 
performed to integrate the separate range resource applications into a single event.  In order to support 
the formal definition of TENA object models, a standard metamodel has been developed to specify the 
modeling constructs that are supported by TENA.  This model is formally specified by the XML Metadata 
Interchange standard and can be represented by Universal Markup Language.  Standards for 
representing metamodels are being developed under the Object Management Group Model Driven 
Architecture activities.  The TENA Object Model Compiler is based on the formal representation of this 
metamodel, and TENA user-submitted object models are verified against the metamodel.  However, it is 
important to recognize the difference between the TENA metamodel and a particular TENA object model.  
The object captures the formal definition of the particular object/data elements that are shared between 
TENA applications participating in a particular execution while the object model is constrained by the 
features supported by the metamodel.  

A significant benefit for TENA users is auto-code generation.  The TENA Middleware is designed 
to enable the rapid development of distributed applications that exchange data using the publish-
subscribe paradigm.  While many publish-subscribe systems exist, few possess the high-level 
programming abstractions presented by the TENA Middleware.  The TENA Middleware provides these 
high-level abstractions by using auto-code generation to create a complex Common Object Request 
Broker Architecture (CORBA) application.  As such, the TENA Middleware offers programming 
abstractions not present in CORBA and provides a strongly-type-checked framework interface that is 
much less error-prone than the existing CORBA API.  These higher-level programming abstractions 
combined with a framework designed to reduce programming errors enable users quickly and correctly to 
express the concepts of their applications.  Re-usable standardized object interfaces and 
implementations further simplify the application development process. 

Through the use of auto code generation, other utilities, and a growing number of common tools, 
TENA also provides an enhanced capability to accomplish the routine tasks which are performed on the 
test and training ranges in support of exercises.  The steps in many of the tasks are automated, and the 
information flow is streamlined between tools and the common infrastructure components through the 
enhanced software interoperability provided by TENA.  TENA utilities facilitate the creation of TENA-
compliant software and the installing, integrating, and testing of the software at each designated range.  
This complex task falls to the Logical Range Developer, which, in this phase, performs the detailed 
activities described in the requirement definitions and event planning, and the event construction, setup, 
and rehearsal activities of the Logical Range Concept of Operations.  While some manual exercise and 
event setup is required at ranges, TENA tools, as they are developed and become accepted across the 
range community, will make exercise pre-event management easier.  

TENA Used Extensively in Military Events 
A nation’s military steel is honed by training and testing; it is a military tenet that has survived the 

evolution of military forces from sword and javelin and close-quarters battles to the incredibly powerful, 
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modern weaponry capable of long distance delivery.  In his 78 A.D. book, The War of the Jews , the 
Jewish historian Flavius Josephus observed and wrote about Roman soldiers as they trained and were 
tested almost daily for battle, saying their “exercises were unbloody battles, and their battles bloody 
exercises.  It is the reason they bear the fatigue of battle so easily.”  Today’s military exercises with multi-
layered scenarios spread out over large areas may be much more complex than a Roman legion 
exercising its cohorts, but the goal of buffering the quickly rising, often unexpected challenges of combat 
is the same.  Through today’s quick and efficient data collection and analysis, all necessary levels of 
exercise feedback can be quickly turned into lessons learned.  Offering the interoperability and resource 
reuse advantages to the data collection, TENA has become an important factor in range instrumentation 
and data gathering systems, particularly as an interoperability enabler in JNTC military exercises.   

In March of 2004, Major General Gordon C. Nash, United States Marine Corps, then Commander 
of the Joint Warfighting Center and Director for Joint Training, USJFCOM, spoke before the House Armed 
Services Subcommittees on Readiness, Terrorism, Unconventional Threats, and Capabilities on the 
JNTC.  Addressing range instrumentation as a part of the progress in the implementation of the JNTC, 
Maj. Gen. Nash said that JNTC was playing a key role in upgrading instrumentation systems employed 
on the many test and training ranges.  “These upgrades, employing a consistent set of standards and 
protocols, are ensuring a level of service interoperability never seen before.  Additionally, through the 
investment incentive offered by the JNTC Joint Management Office, modernization of service-centric 
range instrumentation and telemetry systems is moving forward at an accelerated pace.  Modern 
instrumentation systems will comply with the Test and Training Enabling Architecture (TENA), an 
architecture and interoperability standard that shares information among instrumentation systems, 
simulations, and real-world command-and-control systems.”  Further in his speech, Maj. Gen. Nash 
addressed the use of web-based technologies to investigate and develop advanced concepts in joint 
training.  One example was that “a web-based repository browser is being developed to hold all object 
model specification requirements for the Test and Training Enabling Architecture (TENA).  This repository 
acts as the access mechanism to build an instance of a TENA event” 
(http://www.jfcom.mil/newslink/storyarchive/2004/sp031804.htm, pages 18, 20 of 24).   

In January 2004, the JNTC conducted a large-scale military exercise, the Western Range 
Complex (WRC) Horizontal Training Event.  Designed to test and evaluate warfighters and warfighting 
concepts, the exercise spread its personnel and equipment and its data gathering and distribution 
networks from coast to coast, from the Fort Irwin and Twentynine Palms ranges in California to the 
USJFCOM location in Suffolk, Virginia, with several exercise and data points scattered between the two 
coasts in Nevada, New Mexico, Kansas, Alabama, Florida, and Georgia.  As air sorties and ground 
maneuvers played out the various scenarios as exercise data flowed from several disparate 
instrumentation systems: Advanced Range Data Systems (ARDS) for fixed and rotary wing aircraft, 
ARDS-Lite (a scaled-down ARDS) for ground vehicles, Integrated GPS Radio System (IGRS) for ground 
troops and vehicles, and Air Warrior for fixed wing aircraft.  TENA was designated by JNTC to “connect” 
these individually distinct systems and the geographically separated ranges and allow a smooth data flow 
to TENA-enabled displays and data analysis points.  That coast-to-coast connection of range 
instrumentation systems and ranges met a major milestone on the road to true range interoperability and 
range resource reuse in the JNTC 2004 exercises.  

The WRC exercise was the first pre-initial operating capability, Live, Virtual, and Constructive 
(LVC) event conducted by the JNTC.  The event’s live activities were conducted on the United States 
Western Ranges in conjunction with a U. S. Army National Training Center (NTC) rotation, a U.S. Air 
Force Air Warrior segment, and a U. S. Marine Corps Combined Arms eXercise (CAX) at Marine Corps 
Station Twentynine Palms, California.  Devised for the exercise, the integration and instrumentation 
solution (see Figure 2) linked the exercise locations using TENA.  Live air and ground tracks from the 
NTC, Nellis AFB (Air Warrior), and Twentynine Palms ranges were integrated and then distributed to 
USJFCOM to create a LVC Joint training environment.  Resource reuse was demonstrated with the 
utilization of RangeView and the Personal Computer Debriefing System (PCDS) as data displays in the 
exercise.  TENA implementations of these systems were developed for previous events.  The data from 
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January’s WRC event indicates that TENA performance met the JNTC expectations, and TENA was used 
for the remainder of the JNTC 2004 exercises.  

In 2005, the successes of the 2004 JNTC exercises were applied and reflected in the multi-range, 
joint-service exercise: Joint Red Flag 2005 (JRF05), which made extensive use of TENA.  The exercise 
included over 10,000 participants and was a standard Air Force Red Flag exercise run in conjunction with 
an Army Roving Sands Exercise combined into a Joint National Training Capability (JNTC) event, 
involving live, virtual, and constructive components and reported to be the largest integrated exercise 
utilizing live and virtual simulations.  TENA was used on over 80 computers running over 24 different data 
gathering, display, and analysis applications linking Nellis Air Force Base, Nevada; White Sands Missile 
Range, New Mexico; Fort Bliss, Texas; the Joint Exercise Control Group (JECG), Hurlburt Field, Florida; 
and the Joint Training Analysis and Simulation Center (JTASC), Suffolk, Virginia.  See Figure 2. 
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Figure 2.  Joint Red Flag 2005 Applications and Distributions 

Analysis of TENA data distribution in Joint Red Flag 2005 was satisfactory.  TENA provided 
reliable live instrumentation systems data injection into the constructive and virtual event infrastructures 
and real-time display and analysis of the instrumentation and LINK-16 data.  The Joint Red Flag exercise 
used a variety of TENA applications: 

ADOCS: Automated Deep Operation Coordination System 
ADSIESM: Air Defense Systems Integrator 
ARDS2TENA Gateway (aka ARDS/ARDS-lite) 
CDL: Common Data Link (aka RTCA:  Real-Time Casualty Assessment) 
GALELITE: Graphical Area Limitation Environment 
GOTH:  Gateway of TENA/HLA 
GOTH-M:  Gateway of TENA/HLA (Using Mak RTI) 
JCI: Joint CDL Interface (aka TENA ARDS/ARDS-Lite interface) 
JLT:  JRF05 LROM Tool (TENA Interface Acceptance Test Tool) 
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JWinWAM: Joint Windows-based Warfare Assessment Model (aka TENA2WAM) 
LTC (JFIIT):  Link16 to TENA Converter 
MAnTSS: Modular Analysis and Test Support Software (White Cell) (JCMD) 
CGS Receiver:  Common Ground Station (aka MTI/FTI: Moving Target Indicator/Fixed Target Indicator 
NACTS:  Nellis Air Combat Training System Gateway 
PCDS: Personal Computer Debriefing System (aka Catch.TENA) 
RAGE_INTERPRETER (WSMR) 
RangeView:  Display 
SCRIBE:  TENA Logger 
STG:  Static Target Generator 
TACO: TACtical Office  
TII: TENA ICADS (Individual Combat Aircrew Display System) 
TOSTADA (aka DIS-TENA Gateway) 
TOT (aka OT-TES: Operational Test Tactical Engagement System) 
UAV: Unmanned Aerial Vehicle 

While an increasingly common component of the instrumentation and data gathering systems of 
today’s exercise, TENA’s first use in a military test and training event goes back to Millennium Challenge 
2002 (MC02), a USJFCOM exercise that was a joint experiment, transformation event, and major field 
exercise.  Held in July and August 2002, the exercise was designed to test some of the then current key 
USJFCOM strategic concepts and capabilities and to concentrate on the future concepts and capabilities 
of the U.S. Army, U.S. Navy, U.S. Marine Corps, U.S. Air Force, and the Special Operations Command.  
This also extended to the data-gathering and data-distribution networks used throughout the range 
community for testing and training, and in particular, the developing concepts and capabilities of range 
interoperability and resource reuse.  For the MC02 live events, TENA was chosen as the data distribution 
system enabler.  As the conduit for Ground Truth TSPI data from the various ranges to Command and 
Control Systems at USJFCOM, TENA met the test objectives for each of the exercise rehearsals and, 
during the MC02 execution, worked reliably for days without failure. 

Testing of TENA Has Been Successful 
While TENA has undergone testing in the laboratory as it is prepared for middleware releases, it 

has also been subjected to various, rigorous field tests.  Beginning in 2003, TENA has been tested in its 
role as a facilitator to the data gathering, analysis, and display for the Autonomous Undersea Vehicle 
(AUV) Fest held at the National Unmanned Undersea Vehicle Test & Evaluation Center (NUTEC) at 
NAVSEA Warfare Center Keyport, Washington, a division of the Naval Undersea Warfare Center 
(NUWC).  The theme of AUV Fest 2003 was “Advancing AUV Technology Through Ground Truth 
Measurement of Performance,” and the fest provided a venue for demonstrating and exchanging 
information about maturing AUV technologies and the evolving needs of the operational Navy as well as a 
“work-up” opportunity for mission-driven fleet exercises.  A TENA object model was implemented using 
the TENA Middleware to send data for display in the Navy Research Laboratory’s SIMDIS, a government-
off-the-shelf instrumentation system that is a highly specialized set of visualization software tools that 
provides a unique capability for two and three-dimensional interactive data display and analysis.   

 Platform Stateful Distributed Objects (SDOs) were created and distributed via the TENA 
Middleware using live Time, Space Position Information (TSPI) data from numerous instrumented 
undersea vehicles on the Keyport range.  Various distributed SIMDIS applications on the range at 
Keyport and on the East Coast in Newport, Rhode Island successfully subscribed and displayed the live 
exercises via the TENA Middleware. 

The recent event, AUV Fest 2005, was a major in-water demonstration of unmanned and 
autonomous underwater vehicles and related technologies.  The event was co-sponsored by the Office of 
Naval Research, the Naval Undersea Warfare Center, and the Naval Meteorology and Oceanography 
Command at NUWC Division, Keyport, Washington.  More than 40 vehicle systems from 17 organizations 
participated, making AUV Fest 2005 one of the largest in-water AUV events ever conducted, both in 
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number of AUV demonstrations as well as the number of vehicles operating simultaneously at a Navy 
underwater range facility.  The goals of the AUV Fest were: 

Expose the operational Navy to the developing capabilities of AUVs by demonstrating diverse,    
emerging technologies in a common, at-sea environment  
Expose the AUV research community to the needs of the operational Navy  
Expose industry to Navy needs and emerging AUV-related technologies  
Certify the performance of candidate underwater navigation and acoustic communication systems in 
common, measured ocean environments  

The TENA Middleware was reliable and proved to be quite sufficient in support of AUV Fest 2005.  
TENA has been adopted by the Collaborative Test, Training, Experimentation & Evaluation Center 
(CTEC) and will be used as their Interoperability Standard at NUWC Division - Keyport.     

TENA Support for TENA Users 
TENA SDA has developed a highly utilitarian website that provides a wide range of support for 

the TENA user, including an easy process to download the middleware which is free.  The website also 
offers a help desk and user forums that will address any problems with the middleware download and 
implementation.  TENA SDA is very aware of the need to inform range managers and train TENA users, 
and the TENA SDA presents regular training classes that are designed to meet the attendees’ needs from 
an overview of TENA to a technical introduction to TENA to a hands-on, computer lab class for the TENA 
Middleware. 

TENA’s continuing evolution in its support of the test and training ranges community is managed 
by an organization of users and developers.  This collection of TENA stakeholders, called the Architecture 
Management Team, meets every six or eight weeks to be updated on TENA usage, problems, and 
advancements.  The agenda involves briefings and open and wide ranging discussions, and it ensures 
the users’ concerns and inputs are understood, recorded, and made action items, if necessary.  Of no 
less importance, TENA developers and management has had a long and mutually beneficial relationship 
with the Range Commanders Council. 

Conclusion 
Today’s military is devoted to the old but enduring concept of “training the way you fight.”  The 

result of that field-proven approach can be read in the Third Infantry Division (Mechanized) After Action 
Report, Operation Iraqi Freedom (3 July 2003): "The roots of the division's successful attack to Baghdad 
are found on the training fields of Fort Steward, Fort Irwin, and Kuwait.  The division crossed the line of 
departure with a mature and trained group of staff officers, commanders, and soldiers.”  
(http://www.globalsecurity.org/military/library/report/2003/3id-aar-jul03.pdf)  It is a report that was 
foreshadowed in historian Josephus’s observation, nearly 2000 years ago, that to the most powerful army 
of that time, military exercises were unbloody battles, battles were bloody exercises, and “it is the reason 
they (soldiers) bear the fatigue of battle so easily   

But it is not enough to gather military forces and weapons in a difficult environment and subject 
them to individual and group challenges, the measure of the training and testing of the men and women 
of the military and the weapon systems they use must be taken accurately and timely.  TENA’s 
evolutionary journey from a concept of interoperability to a realized common architecture and requisite 
software which can integrate testing, training, simulation, and high-performance computing technologies, 
distributed across many facilities, has facilitated taking that measure. 
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