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Section 2:  Objectives, Execution Plan, and Deliverables

A.  Objectives.  The objective of the proposed project is to measure the impact of various tactics, training, and procedures on the outcomes of simulations sensitive to Operations Other Than War (OOTW).  A one year project is proposed which will evolve and demonstrate off-the-shelf S&T for developing optimal warfighter tactics for OOTW scenarios.

1.  Background.  According to Joint Publication 3-07, Joint Doctrine for Military Operations Other Than War, OOTW is defined as the “use of capabilities across the range of military operations short of war.”  These operations include precision strikes, no-fly zone enforcement, peacekeeping operations, and much more.  Fundamental principles which guide OOTW are:  obtainable objectives, unity of effort, security, restraint, perseverance, and legitimacy.  While war centers on the application of military power to achieve national interests, OOTW focuses more on the deterrence of war, resolving conflicts before war starts, and addressing issues peacefully.  OOTW contributes to the nation’s strategic interests by deterring aggression, maintaining a forward presence, and rapidly responding to crisis before war engulfs a major theater.  As a result, OOTW operations, such as Operations Southern Watch, Support Democracy, and Provide Comfort, continue to pressure the Services to reassess their internal military training and readiness requirements.

2.  OOTW Domain.  The application of military force provides a distinction between combat and non-combat operations.  For combat strikes and raids, the objective is to “inflict damage on, seize, or destroy an objective for political purposes.”  While strikes are used to punish offending groups or to deter offensive actions, raids are small-scale operations used to quickly attack targets and withdraw.  Command and control units needs to be well coordinated during OOTW mission planning and, if needed, updated in real-time to maximize the probability of mission success.  Desert Shield, Desert Storm, and post-war no-fly zone missions concentrated on the removal of Iraqi land-based, mobile tactical missiles (Scuds).  The difficulty facing the Services, however, was the inability to quickly locate and destroy Scuds given the capabilities of weapon systems designed for the Cold War.  For the Air Force, deficiencies were discovered in providing pilots with real-time threat information and video feeds from off-board assets, i.e. JSTARS, covert ground spotters, etc.  Striking mobile, high-value targets remains a combat mission applicable to both war and OOTW.  The military domain for this project focuses on locating, identifying, sorting and destroying Scuds, that if successfully eliminated, will prevent hostile units from gaining political advantage.

B.  Execution Plan and Deliverables.
1.  Project Scope.  Weapon systems are developed with the intent of providing the warfighter with superior technological capabilities and firepower as compared to hostile forces.  However, a warfighter’s skill level and experience base can greatly effect the outcome of a given sortie, excursion, or engagement.  Therefore, training programs seek to instill in our soldiers, seamen and airman a proven set of tactics for maximizing weapon system capabilities.  The interaction between tactics, weapon system design, and scenario outcomes are at the heart of this proposed project.  Given the precision strike mission discussed above, this project will evaluate the differences in OOTW simulation measures as a function of different warfighter tactics.  More specifically, the project team will evaluate the impacts of different Joint Strike Fighter (JSF) warfighter tactics on Scud mission outcomes using modeling and simulation technologies currently in development in the Air Force Research Laboratory (AFRL).  Spin-off S&T in the area of intelligent decision aids based on this research is also discussed.

2.  Execution Plan.  A one-year project is proposed that correlates the difference in tactics to measurable outcomes in OOTW simulations.  As shown at the top of Figure 1, this project will draw upon proven technology being managed by the Combat Automation Requirements Testbed (CART) program office.  Using the basic capabilities of CART’s technology, the CART team will accomplish four inter-related tasks.
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Figure 1:  Execution Plan

- Task 1:  Develop OOTW Tactics.   After the initial Kick-Off meeting, three different pilot-vehicle employment tactics will be developed.  A baseline OOTW tactic will be developed along with two excursions that manipulate cockpit sensors, controls, and displays in tactically different ways.  The first tactic will be based on a prototype JSF pilot model recently verified and validated by the CART team and capable of evading threats, performing in-flight mission replanning, and attacking mobile targets.  From this baseline, the team will then develop two alternative tactics with the assistance of JSF, available operational experts, and inputs from STID.

- Task 2:  Construct Operator Models.  One of the benefits STID receives from funding this project is the significant investment AFRL has already made in operator modeling.  In addition, the CART team is collaborating extensively with Army Research Laboratory (ARL) on a product called the IMproved Performance Research INtegration Tool (IMPRINT).  The CART team has evolved IMPRINT as a software tool to allow analysts and engineers to estimate the likely performance of a weapon system by helping them build models of operator tactics required to accomplish a mission.  To do this, a PC-based Graphical User Interface (GUI) has been developed which permits detailed decomposition of high-level mission activities into lower level goals, functions and tasks (see Figure 2).  At the task level, a CART user can input time, accuracy and distribution estimates along with the likelihood (probability) that the task will be performed accurately.
Figure 2:  CART Graphical User Interface
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Case Study 2

By executing a simulation of different warfighter tactics instantiated in a CART model, users can study a range of system effectiveness measures.  At the completion of the simulation, the software can compare the warfighter’s minimum acceptable performance requirements against  predicted performance, thereby determining whether performance requirements were met or not.

For Task 2, the team will instantiate three operator tactics in models using the CART GUI.  The models will be executed and “checked out” using CART’s internal run-time engine, called Micro Saint, which permits stand-alone simulations.  As discussed in Task 3, the CART team will then integrate these operator models with an externally-based, interactive OOTW simulation.

- Task 3:  Perform Simulation Experiments.  After each warfighter model is completed, the project team will then engineer and test, through a series of constructive tests, their integration into a joint, DoD constructive simulation environment.  Again, STID will benefit from CART expertise in integrating human models with the Joint Interim Mission Model (JIMM) using the High Level Architecture (HLA).  This is accomplished by passing human performance data between architecture components using HLA’s Run-Time Infrastructure (RTI).  The human model can receive data across the RTI regarding aircraft system status, new target locations, threat launches, etc coming from the OOTW environment represented in JIMM.  In return, actions to be implemented by the operator (e.g., aircraft maneuver, target designation, and weapon launch) are passed to JIMM from CART’s task network model of human behavior.  In effect, mission outcomes are driven by simulated operator interactions with a simulated crew interface in a simulated OOTW environment.  The CART team has recently demonstrated the efficacy of this approach by developing an initial JSF “pilot” model capable of engaging time critical targets, evading threats, and exploiting on-board sensors and real-time information (see Recent Accomplishments Using CART below).

Figure 3:  CART Simulation Architecture
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The success of the CART architecture shown in Figure 3 rests upon the ability to send and receive variables from a CART model to other simulations.  To achieve this, the operator model acts as a federate within an HLA-compliant federation.  In order for this interaction to occur, middleware was developed.  Most of this middleware is available commercially or free for download from DMSO.  However, in order for CART users to be able to ensure that appropriate HLA-compliant functions are sent across the federation, the middleware was integrated into the CART software.  The data sent across the federation, object attributes and interactions, were mapped to the Real-time Platform Reference Federation Object Model (RPR FOM).  It is through this middleware that simulated warfighter tactics (in the form of operator tasks) are communicated to other federates, and vice versa.  Additional information of this approach is available upon request. 

-  Task 4:  Comparison and Analysis.  This task will collect, analyze, and compare simulation measures coming from each of the three constructive tests performed in Task 3.  Measures of performance used to assess differences between constructive results will include, but not be limited to:  number of navigation replans, number of surface threat locks and launches, number of threat missiles defeated, and percentage of targets destroyed.  The project team will employ both univariate and multivariate statistical methods used by CART personnel in past experiments similar in nature to this project.  Once the statistical results are developed and analyzed, the project team will develop a briefing package and report which documents the project’s purpose, experimental method, results, discussion, and conclusion.  

- Recent Accomplishments Using CART.  It is important to point out that a significant technical milestone was recently achieved within the last few months on the CART program.  In October 2000, data from six model runs and eight pilot subjects were compared to ascertain the ability of a CART operator model to realistically represent actual pilot behavior and tactical decision making.  Using JIMM, the HLA, and the CART architecture shown above, initial conclusions indicate that the model performed exceptionally well in that it destroyed 100% of the targets, while actual pilots found and destroyed targets 98% of the time.  More importantly, the total correlation between model and the pilots was 0.78.  In other words, the behavior of the model accounted for 61% of the behavior (variability) of the pilots given the same crew system interface, operator tasks, and missions.  

It should also be noted that an important finding was made during this experiment.  Initially, the CART team developed a JSF pilot model with the use of pilots who had previously employed a limited set of tactics used in prior virtual simulations.  The initial operator model was tested this summer and results revealed a severe limitation in system effectiveness (low probability of finding and ultimately destroying ground targets).  With this knowledge in hand, the team quickly developed a new tactic with the CART GUI using the same cockpit interface, but instead with emphasis on the coordinated use of the cockpit’s Synthetic Aperture Radar (SAR) and Targeting InfRared (TIR) displays.  The CART model predicted the new tactic would result in a much higher probability of detection and destruction of targets (as described in the previous paragraph).  For pilot testing, subjects were trained on the new tactic and actual performance was higher than previously measured using the old tactic – and closely aligned with model predictions!

3.  Summary.  To summarize, Task 1 will develop three tactics based on an OOTW strike mission.  These tactics will be instantiated in three CART models in Task 2.  After each model is completed, Task 3 will then integrate and test each tactics-based model in a dynamic OOTW simulation to measure and compare the differences in mission outcomes.  Products delivered to STID and the Services from the culmination of these tasks will be the three operator models, the CART software, and constructive test results and comparisons.  These products enable an evolutionary approach to the generation and constructive testing of realistic tactics for OOTW scenarios.

C.  Application to Intelligent Decision Aids.  A benefit of this novel S&T research is in the emerging area of intelligent decision aids.  Today’s warfighter is increasingly reliant on weapon system “awareness” of the battle situation to provide life-saving courses of action.  Automated route planners, fire-control algorithms, and pilot “associates” are examples of decision aids fielded with the intent of maximizing weapon system effectiveness.  Decision aid software is developed with assumptions about how real warfighters make decisions.  For example, a stealthy weapon system contains a “cost” function that dynamically calculates the overall radar signature of the platform during a mission.  If an unexpected threat pops up, a “cost” value may rise above a threshold thereby triggering an automatic flight control response, such as turning to a heading that minimizes radar cross section.  This example illustrates how an intelligent decision aid instantiates warfighter “tactics” in code.

Similarly, a CART model of warfighter tactics can be thought of as the basis for developing an intelligent decision aid.  By capturing tactics in a human performance model, software engineers can build and test decision aids that emulate operationally realistic behaviors.  In effect, the process of modeling alternative tactics helps bring software programmers closer to real-world trade-offs that should be considered during the development of an intelligent decision aid software program.  During spiral development, this process results in a quantitative link between “tactics” embedded in alternative decision aids and their corollary impacts to mission effectiveness.  With this in mind, spin-off applications in the development and test of innovative intelligent agents are contemplated as a result of this S&T Initiative.

Section 3:  Budget Summary

A.  Funding Request and Cost Sharing.  The total funding request for the proposed project outlined herein is $275K for FY 01.  Funding will be matched one-to-one by the CART program office, thereby increasing DMSO’s leverage of actual work performed to $550K.  The funding profile (in $K) is summarized below:

	
	FY01

	Total Requested DMSO Funding
	275

	Proposed Cost Sharing (AFRL)
	275

	Total Program
	550


B.  Contractual Considerations and Funding Execution.  Funding for this effort can be excepted through DoD Military Interdepartment Purchase Request and placed on the CART contract whose scope covers the development, test, and analysis requirements of the proposed effort.  Upon STID’s notification of intent to award, the CART Program Manager will initiate the contractual mod to obligate funding.  When funding is made available, obligation should take approximately 2-3 weeks.  All OSD obligation and expenditure goals will be met in order to ensure the safety of funding.  For the past three years, the AFRL Program Manager has met or exceeded these goals and will continue to do so for this particular effort.

The project team understands that no purchases for equipment, hardware, and software are allowed as part of this effort.  As such, only technical skills (labor hours) will be purchased, including those of modeling and simulation engineers, human factors engineers, and operations researchers.  If new software or hardware is needed beyond that which the project team already possess, purchases will be accomplished using the non-DMSO, cost-share portion of funding.  Trips and other direct costs (ODCs) required for this effort will be identified at the Kick-Off meeting.  The prime CART contractor, SAIC (Dayton), will perform the majority of model development and software integration with JIMM using the HLA.  SAIC has contracting authority with Micro Analysis and Design (MA&D, Boulder CO) who will provide technical and modeling expertise in the area of operator modeling and performance data.  Both SAIC and MA&D have extensive experience in task network modeling, HLA socket development, and integration of operator models with DoD constructive simulations, specifically with the Joint Interim Mission Model (JIMM) as part of the basic CART contract.

C.  Project Management.  The overall effort will be organized and executed by AFRL.  Guidance and direction from STID is highly desired to ensure the project satisfies expectations.  SOW package coordination and contractor performance will be organized, executed, measured and reported by the AFRL Program Manager in conjunction with the contractor’s existing program management plan.  Reviews for the project will consist of a Kick-Off meeting, a Final Review, and Interim Updates with STID and other interested parties at the completion of each simulation experiment conducted in Task 3.  In addition, briefings, reports, and papers outlined herein are deliverables which the project team will prepare for STID in support of their internal staffing needs.  If desired, monthly activity reports will be e-mailed to STID to provide up-to-date progress and accomplishment information.  It should be noted that project members have over 40 years combined experience in modeling and simulation.  Consequently, the team is well-networked with DoD, Service, Industry, and International organizations thereby providing STID with an unprecedented level of outlets to “get the word out” concerning STID projects, policies, and vision for modeling and simulation S&T.
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