LIVE FIRE TESTING AND TRAINING INITIATIVE PROGRAM
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The LFT&T Program fosters the exchange of technology development initiatives and uses between the live fire test and training communities to better serve the ultimate customer—the warfighter.  The FY97 Defense Appropriations included funding to investigate alternative uses of simulation and training technology in support of Live Fire Testing and Evaluation.  This initiative came to be known as Live Fire Testing and Training (LFT&T) program.  Additionally, the LFT&T program helps to implement one of the thrusts articulated by the Secretary of Defense, that of bringing together the testing and training communities for their mutual benefit.  Another goal of the program involves establishing partnerships between DoD and the civilian sector.  
The Congress has showed growing support for this program every year since its inception with funding for FY00 at it’s highest yet.  The LFT&T Program was initiated with $3 million in FY97, and continued with $4 million in FY98, followed by $5 million in FY99, and $7 million in FY00. 

This program draws heavily upon major U.S. simulation and training centers' expertise and is administered jointly by the DOT&E along with the Services’ simulation and training agencies.  The program is managed by the LFT&T Senior Advisory Group (SAG), comprised of the commanders of the four Service training and simulation commands and chaired by the Deputy Director, Operational Test and Evaluation for Live Fire Test (DDOT&E/LFT).  
The Senior Advisory Group meets periodically to review proposals coming in from both government and industry and to oversee their progress and products, assuring that these efforts focus on readiness and meet the needs of both the testing and training communities.  Several projects have “graduated” the LFT&T program and are already providing benefits to the warfighter.
The following projects were initiated under the LFT&T program and have been transitioned to a follow on user or sponsor:
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Combat Trauma Patient Simulation:  This program leveraged existing commercial-off-the-shelf and government equipment to develop an integrated military medical simulation system for test and evaluation and training of medical personnel.  The Combat Trauma Patient Simulation (CTPS) system provides the capability of simulating, replicating, and assessing battlefield injuries by type and category, monitoring the movement of casualties on the battlefield, capturing the time of patient diagnosis and treatment, and comparing interventions and outcomes at each military health care service delivery level.  The CTPS system supported user assessments from field level to hospital trauma level.  The CTPS program was a great success, receiving endorsements from the U.S. Army Surgeon General, the U.S. Air Force Surgeon General, the U.S. Army Medical Research Materiel Command, the National Guard Bureau, and the Special Operations Command.  The National Guard is currently using the CTPS to train first responders at Fort Indiantown Gap, Pennsylvania.  The development of this system is continuing beyond the LFT&T Program.  Congress provided additional funds in FY00 to continue the development of the system through FY01.  The CTPS program brings live and virtual simulation to the medical training community resulting in increase readiness of military medical personnel.
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Synthetic Environment Live Fire:  The objective of this project was to use a synthetic environment and simulations in a live fire test and training event to reduce the risk of test design flaws by allowing the test event to be conducted in the synthetic environment before actual execution and to train both crew and individuals prior to actual live fire.  The Synthetic Environment Live Fire (SELF) project augmented existing test methodologies by replicating Live Fire Testing & Training (LFT&T) in the synthetic environment.  The SELF tests have clearly demonstrated that a high fidelity training device is a capable test tool.  Data is more easily accessed, thus providing a more flexible test infrastructure.  Test officers using the SELF test have found the infrastructure useful for test preparation and design, pre-test exercises, and detailed data acquisition.  Time and planning, arguably the most valuable function a training device can perform, have typically been limited resources for test officers.  Recently, the Army Program Manager for Combat Identification completed their Battlefield Combat Identification System (BCIS) Initial Operational Test and Evaluation using test data obtained by testing the capabilities of the BCIS equipped vehicles in the Close Combat Tactical Trainer (CCTT) device at Fort Hood, Texas.  This entire test was conducted in a modeling and simulation environment on a CCTT system previously thought to be solely a training device.
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Vulnerability/Lethality Simulation Enhancements:  This project focused on developing a methodology and tools for improving damage assessments in tank-on-tank gunnery simulations used in both the training and test and analysis communities.  The Probability of Kill (Pk) methodology currently employed in these simulations does not provide for a detailed assessment of likely damage and resulting loss of mission capability in simulated engagements.  The goal of Vulnerability/Lethality Simulation Enhancements (VLSE) was to find a way to replace the Pk methodology that would be acceptable in both communities and to demonstrate the approach in one or more training system applications.  The result has been development of a Degraded States Vulnerability Methodology (DSVM).  The concept for DSVM was developed and demonstrated, including demonstrations with two current tank gunnery training simulations.  Tank gunnery was selected as a starting point, but the methodology can be expanded to include other weapon systems, targets, and platforms.  Additional work under this project was accomplished in developing a methodology for new approaches to behavioral modeling of computer generated forces - an important step for successful application of the degraded states methodology.  The primary objective has been significant qualitative improvements in training and in analysis of simulations - so that we can avoid negative training (i.e., "train as we fight") and better evaluate system designs, tactics.  The VLSE Project has generated great interest in improving vulnerability and lethality simulations used in training and testing.  The VLSE Project has directly resulted in a new initiative within the Army test/analysis community to further develop this methodology and expand its applications.  This work is being accomplished at the Army Materiel Systems Analysis Activity (AMSAA) at Aberdeen Test Center.  The initial VLSE Project provided a platform and testbed for AMSAA's continued degraded states development efforts, and also supports the next generation of computer generated forces (OneSAF) and other simulation developments.  The Operational Requirements Document for OneSAF includes a requirement for this type of improved damage assessment.  Similarly, the Marine Corps’ planned acquisition of the Combat Vehicle Appended Training System also includes a requirement for a degraded states type of detailed damage assessment.
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The following projects are currently underway, comprising the FY00 LFT&T Program:
· Effectiveness of Small Arms Fire:  This project provides a reconfigurable engineering tool, the Small Arms Simulator Testbed (SAST), to the small arms testing community which uses modeling and simulation techniques to design, test, evaluate, and modify new weapon concepts.  Initiated as a project to support concept development and evaluation of the U.S. Army’s Objective Individual Combat Weapon, the SAST has evolved into a tool that identifies critical technical/engineering issues through metrics associated with live fire test of future small arms.  SAST also shows marked potential as a training aid of existing weapons.  The testbed has resulted in more informed acquisition decisions by providing vital lethality metrics into small arms system design, thereby reducing the prototype development cycle time.  Developmental issues such as error budgets, fire control systems, laser range finders, aiming, recoil effects, ballistics, probability of incapacitation, and weapon ergonomics are typical issues that can be examined by the SAST device.  The SAST system has provided simulated live fire test data to the Army Research Laboratory and the Army Armament Research and Development Center to support development and testing for the OICW and the Force 21 Land Warrior Program.  Efforts have yielded more than $10 million in direct savings to design and evaluation efforts.  This project has the potential to greatly enhance the realism of anti-terrorism training simulation in urban settings for both current and future weapon systems.
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· 
· 
· 
· 
· Simulation for Producing Realistic Munitions Impact Flash Events:  An extension of the FY97 Target Impact Assessment Project, this project is exploiting live firings of anti-armor munitions against armor targets to collect impact signatures which is used to guide development of synthetic image generation for use in training.  These modeled results will be integrated into training simulator visual systems, providing gunners with an indication of what to expect from the impact flash effects resulting from engaging real targets.
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Threat Warheads and Effects/Battle Damage Assessment and Repair:  A joint U.S. Army and U.S. Air Force effort to develop a portable computer-based Battle Damage Assessment and Repair (BDAR) data storage/retrieval and training system supporting assessment and repair of battle-damaged ground vehicles and aircraft.  In support of JLF and LFT, BDAR engineers and technicians have been used to assess and repair test articles.  Those technicians making the repairs get exposure to realistic threat effects and damage on current and emerging vehicles and quality hands on experience.  Though many of the BDAR technicians and engineers try to capture what they have learned and pass it on to their units, the information is limited to a specific LFT and distributed to a single organization restricting the potential training value.  The problem is that no method exists to provide effective BDAR proficiency and threat warhead effects training which provides realistic problem situations on current and emerging weapon systems and constructive feedback.  The objective of this project is to provide an efficient and effective method to capture, distribute, and use JLF and LFT information to enhance the proficiency of the combat maintainers and operators through realistic training.  
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· 
· Augmented Reality-Based Fire Fighting for Total Ship Survivability:  A proof-of-concept project supporting Total Ship Survivability Tests using augmented reality (AR) technologies to demonstrate the role of shipboard firefighters in fire damage assessment and fire extinguishing employment.  The objective of this project is to research the feasibility of using current and future AR based technologies in shipboard testing and training environments.  Specifically, investigations into and demonstrations of various display and tracking technologies have been evaluated to demonstrate the capability to overlay realistic artificial fire, smoke, and extinguishing images onto the real world environment, including facilities, equipment, and other personnel.  AR promises to provide numerous benefits to the testing and training communities including improved realism, reduced operational costs, dramatic safety improvements, elimination of combustion byproducts, and elimination of environmental concerns.
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Dismounted Infantryman Survivability and Lethality Testbed:  The Dismounted Infantryman Survivability and Lethality Testbed (DISALT) project leverages off the existing high fidelity SAST technology while developing and implementing new technology to provide a common framework to examine the complex interrelationships between man and multiple weapon systems.  The specific objective of the DISALT system is to provide a validated multi-user small arms trainer infrastructure, allowing live fire testing and training communities to analyze, and subsequently optimize, the lethality and survivability of a fighting team.  The DISALT system would further allow the small arms communities to fully analyze and understand the synergistic effects of multiple weapon systems in a virtual collective exercise environment.  The data collected during DISALT exercises would directly address the lethality and survivability of a team of soldiers, taking into account the synergy of multiple weapon systems.  This would ultimately lead to conclusions, based on a validated system, regarding optimization of weapon systems, tactics, mission effectiveness and optimal training methods.  In addition, performance metrics and methods of analysis would be developed to provide data reduction supporting the LFT&E and training communities.
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· 
· Enhanced Recovery of Aircrew from Acceleration Induced Loss of Consciousness / Enhanced Acceleration Training:  A primary focus of Live Fire Test and Evaluation is to assess crew survivability in an operational environment.  Acceleration or gravitational induced loss of consciousness (G‑LOC) is one, if not the main, physiological threat to aircrew of high performance aircraft.  G‑LOC has been present since the earliest fighter aircraft were developed.  The objective of this task is to test several technologies that may be able to reduce the period of incapacitation that occurs after a pilot experiences G‑LOC.  Investigation of these approaches holds the promise of discovering practical, simple, and cost-effective countermeasures capable of greatly reducing the mishap rate due to loss of consciousness in aircraft, during peacetime and combat situations.  The first task under this project was to identify acceleration induced aircrew problems in Navy and Air Force tactical aircraft.  Additional tasks use Air Force centrifuges to test the efficacy of specific technological approaches to enhance recovery, including introduction of various physical stimuli including auditory, tactile, olfactory and visual sources, previous G‑LOC training experiences, deflation rate of anti-g‑suit, and reduced recovery acceleration levels.  Reduction in the period of incapacitation will reduce the instances of aircraft and/or aircrew mishaps/losses due to G‑LOC, enable the pilot to utilize the aircraft to its maximum performance potential, improve the mission and/or training experience and enhance the overall utilization of the nation’s warfighters and their aircraft.
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Infrared Targets and Testing & Training:  Training in the use of infrared (IR) sensors requires targets that closely mimic the appearance of real targets in the IR spectrum.  Approaches have been developed involving heated surfaces, but these are more costly than is desirable.  Initial explorations have proven a basic design for an IR projector based on Digital Light Processor (DLP) video projectors.  The Infrared Targets for Testing and Training (IRT3) project will adapt this technology to the live fire test and training arena.  The IRT3 project will develop an IR projection capability suitable for providing live fire targets for testing and training with IR systems in the 8-12 micron band.  The targets would be projected using infrared projectors onto screens that would be unobtrusive in the absence of projector energy.  Under computer control, the projected images could appear and disappear, realistically simulating actual targets.  The DLP technology will produce the full range of military targets on reusable and renewable (water based) projection screens.  The use of projection technology will permit the isolation and protection of the expensive projector only exposing a relatively inexpensive projection media to destructive fire.  The projection media will be less costly than current targets, so the result will be improved realism and cost savings.  
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Exploiting LFT Data to Improve Warfighter Situational Awareness in Combat and Training:  Attack aircraft need to achieve first-pass attack success and increase survivability, while minimizing fratricide and collateral damage.  Pilots and weapons systems officers need to make accurate and confident time-critical decisions.  To achieve this, aircrews need good situational awareness.  The objective of this project is to investigate the feasibility of integrating information from look-up values in Joint Munitions Effectiveness Manuals (JMEMs), data from Live Fire and Joint Live Fire tests, and information from intelligence and sensor sources to increase warfighter situational awareness.  This work will include studies of various algorithms and display technologies and will result in a proof-of-concept demonstration to show utility for both operations and training.  This technology will offer a new capability for combat operations, increasing lethality and reducing vulnerability in battle.  Increased survivability of weapon launch platforms will reduce replacement costs.  In training, this technology will familiarize pilots and weapons systems officers with the effects of various weapons in a variety of attack scenarios.  The technology will be designed for a specific host aircraft, but will be applicable to the aircraft of all three services.
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Missile Warning Sensor Simulator:  The battlefield proliferation of light vehicle and man portable antiaircraft missiles is driving the development and deployment of a number of electro-optical missile warning receivers and associated countermeasures.  The development of the Missile Warning Sensor Simulator (MWSS) was initiated to demonstrate that open-air testing of missile warning systems is possible without the expense of firing large numbers of threat missiles.  The objective of this project is to enhance the capabilities of the MWSS and to conduct a comprehensive verification and validation program.  The MWSS is a transportable test and training tool that is designed to support operational evaluations of the AN/AAR‑47 missile warning system that can be conducted with fully operational crews and aircraft performing realistic maneuvers and tactics.  Results from these tests have proven that the concept of an ultraviolet laser stimulator is not only feasible, but also that the stimulator can highlight tactical considerations where the AN/AAR‑47 is combined with other defensive systems to counter, defeat and/or destroy infrared threats.  The enhanced MWSS will be a one of a kind system, filling a void in infrared threat training, tactics development, and missile warning system testing, and will provide an improved means to assess aircraft survivability against infrared missile threats.  It will be deployable to any test range, can be operated in safe manner with an ultraviolet laser that is eye-safe at 13 meters, and will provide low cost data with its two-man operation and capability to produce several tens of shots per hour, limited only by the operation of the aircraft against which it is deployed.  With the completion of its development, the MWSS will be a flexible open-air testing, training, and tactics development and evaluation tool that will have application for all the Services’ aircraft that employ ultraviolet missile warning systems.
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Virtual Environment Simulation for Shipboard Incident Management:  There is a requirement for both medical and non-medical personnel in the Navy to be trained and exercised in first response to major incidents involving damage to ship structures, systems, and personnel.  Although ship interior spaces and systems have been modeled and represented in virtual environments in varying levels of detail, these have been in undamaged states.  And, although models have been developed to assess ship damage and survivability as a result of specific weapons effects, we are not aware of any efforts to accurately represent such damage in a virtual environment.  This project will use ship design, off-the-shelf software, and the Virtual Environment Technology Testbed to develop a prototype shipboard virtual environment to train “first responders” in management of major casualty incidents.  Similarly, by incorporating realistic damage modeling and representation, this project can serve as a platform for testing concepts in ship design for vulnerability, survivability, and recoverability.  
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Development and Implementation of New Standard Vulnerability/Lethality Metrics for Future Simulations:  The objective of this project is to provide a sound methodology and set of vulnerability/lethality metrics, allowing the combat simulation analytical and training communities to more accurately represent and analyze various aspects of combat.  A set of test conditions will be modeled in several combat scenarios to examine the complex relationships between vulnerability fidelity and force effectiveness.  In addition, new measures of effectiveness may be developed to provide a more accurate representation of battle outcomes.  The proposed vulnerability metrics will substantially increase the fidelity and realism of vulnerability/lethality in simulations and have a cascading effect to many other areas, such as systems performance, human behavior representation, tactics, and force structure development.  The proposed vulnerability metrics will provide mathematically accurate standard methodology to simulation developers of the analytical and training community to allow for high fidelity modeling of vulnerability.  Analytical studies involving performance issues, such as vulnerability reduction, weapon effectiveness, and logistics will directly benefit from improved vulnerability metrics.  Higher fidelity of vulnerability modeling results in more representative visual and damage effects.  Also, the analytical community will be able to better analyze and understand the synergistic effects of multiple impacts and the logistics support for combat damage.  This will ultimately lead to conclusions regarding optimization of weapon systems, tactics, mission effectiveness and optimal training methods.
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Live Fire Advanced Concepts:  Live team exercises are costly, complex and inherently dangerous.  The Live Fire Advanced Concepts project explores the concept of how existing technologies and efforts can be leveraged to create a testbed that can be utilized for both live fire test and evaluation as well as collective and individual training.  Although both a development and integration effort, this concept capitalizes on government, industry and university investments.  This project incorporates proven technologies to create a virtual world that simulates the dismounted battlespace.  This virtual world will be created by the utilization of the RealGuy( system, which allows the soldier to maneuver throughout the battlefield utilizing a head-mounted display to view the terrain and both friendly and opposing forces.  A model of a future weapon, such as the Objective Individual Combat Weapon will be integrated into this virtual world, allowing the soldier to train, test and develop new tactics, techniques and procedures.  As the soldier traverses his area of operations, realism will be enhanced with the incorporation of 3‑D audio and olfactory effects.  This provides a suite of input (sight, sound, smell) to the soldier to stimulate the human decision making process.  Critical events and decisions will be recorded to facilitate the after-action-review process and data collected on the lethality, survivability and vulnerability of the weapon under evaluation.  
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Virtual Target and Range System:  The Virtual Target and Range (VITAR) system is a portable acoustic impact scoring system that is lightweight, compact, easily stored aboard ship and deployed at suitable locations throughout the world’s oceans.  This project will initially provide a prototype system for conducting cost-effective live fire surface fire support exercises and supplementary training to Navy units.  The final system will have the capability to determine the position of an impact and transmit the data back over the horizon to a system controller.  The shipboard system controller will display the impacts on real maps over any virtual terrain or target.  The controller will have the capability to operate as a stand-alone system, or interfaced with shipboard systems to provide real time feed back to the crew.  While the VITAR system will not replace fixed ranges, it will allow individual ships to fire and score a wide selection of live fire training exercises almost anywhere at anytime.  Ships being sent to combat areas can perform live fire tests of their guns to ensure their accuracy and operational effectiveness near their homeport.  In addition, Long Range Weapon Systems such as:  the Advanced Gun System, the Extended Range Guided Munitions, and the Barrage round may not be tested to their full range capability due to test range limitations.  The VITAR system will allow full range testing at sea. 




Live Fire Testing is unique in that, apart from actual combat, it is the only source of realistic combat vulnerability and lethality data, battle damage repair procedures, and estimates of user casualties.  This program takes that realistic data and combines it with training technologies and opportunities in a synergistic way.  Efforts continue to make this program a funded part of the LFT&E Program Element, rather than a result of successive Congressional plus-ups.
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