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ABSTRACT





Use of the Synthetic Environment for Operational Testing of the Bradley-A3


by


Dr. Stuart W. Olson, STRICOM


Dr. Jerrold Kronenfeld. TASC





	The Program Manager for Distributed Interactive Simulation (PM DIS) at the U.S. Army's Simulation, Training and Instrumentation Command (STRICOM), Orlando, Florida, is leading a study of the cost-effectiveness of the synthetic environment (SE) to support the reengineered operational testing (OT) process for the Bradley Fighting Vehicle, M2A3.  The  Bradley M2/M3A3 update program, with the low rate initial production (LRIP) scheduled for June, 1997, represents a major operational improvement over the A2 variants. The new system implements digital Command and Control (C2), advanced 2nd Gen FLIR, and other major new features necessary to permit the Bradley-A3 to interoperate on the Army's emerging Digitized Battlefield for Force XXI. The SE support of the OT process, starting with testing before LRIP, and concluding with first unit equipped (FUE), in 2000,  is the focus of the PM DIS efforts.  One of these areas of support has included the initiation of a feasibility assessment study to identify areas of maximum benefit on OT, to define potential SE architectures, and to identify issues for future policy planning. TASC, the STRICOM System Engineering and Integration (SEI) contractor, is supporting PM DIS in these analysis efforts





	Since there are a large number of issues involved, a compressed schedule, and a lack of targeted resources to support this effort, the PM DIS/TASC analysis has focused on only a few of the most critical issues for a successful LRIP milestone decision. Initial analysis concluded that the traditional live testing-only approach to the OT can be significantly improved by support from the SE. In fact, there exists a synergism, that is, BOTH the synthetic environment AND the live environment are needed to provide full resolution of all critical issues.  The live environment is clearly required for the vehicle related issues.  However, the synthetic environment is needed to provide the numbers of vehicles and complexity of scenarios needed to fully evaluate issues of crew perception and battlefield awareness.  In addition, the synthetic environment can provide critical support in the pretest period for developing tactics and doctrine, supporting crew training, and helping to relieve compressed program schedules. This study indicates there are significant benefits to be realized from the synergistic effects of LE and SE in a new OT process. These benefits will not be obtained, however, if the Army does not find a way to incorporate early planning and analyses of the SE into its resource models for OT.
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�
INTRODUCTION





The Bradley M2/M3A3 upgrade (Figure 1)  provides digital command and control enhancements that will permit that vehicle to operate as a part of the Army's emerging concept of a "digital battlefield."  Among the enhancements that make up the upgrade are the addition of several computer displays (e.g., the Commander's Tactical Display) that will enhance the crew's situational awareness and facilitate the transmittal and review of information between the platoon, company and higher echelon levels.  
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Figure 1  Bradley M2/M3A3 Upgrade





To support the Bradley-A3 operational testing program, a Synthetic Environment (SE) Integrated Project Team (IPT),  consisting of government, industry, and academia, was established  (Figure 2). The academic interest is with the University of Iowa's Center for Computer Aided Design.
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Figure 2  IPT Partners in SE Experiment





The Bradley-A3, an ACAT 1C major program, is being pursued on an aggressive schedule (Figure 3) driven primarily by the computer hardware and software systems.  The next major acquisition  milestone for the program is the Low-Rate Initial Production (LRIP) decision that will take place in June of 1997.
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Figure 3  Bradley M2/M3A3 EMD Schedule





The STRICOM Project Manager for Distributed Interactive Simulation (PM DIS) has the DoD responsibilities for developing technologies and application capabilities in this emerging area of modeling and simulation (M&S). As part of this responsibility, PM DIS developed a reusable simulation environment — the Synthetic Theater of War-Architecture (STOW-A) — to support both the users' and developers' ability to access the SE. This set of programs and software tools represents an integration of legacy systems into an integrated system. The STOW-A infrastructure provides a conceptual basis for the evolving Joint Services Virtual Test and Training Range (VTTR), which will provide a state-of-the-art SE for both the training and testing communities.   





APPROACH





Part of PM DIS's responsibility includes the extension of the technology beyond the �training domain where DIS was developed, and where the preponderance of its use exists.  Recognizing that digital command and control represents an area that is well suited to application and study in the synthetic domain, in March of this year PM DIS began a dialog with the test community to use the Bradley M2/M3A3 as a vehicle to begin the inclusion of the SE in the suite of test platforms available (Figure 4).  
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Figure 4  History of PM DIS Involvement


                  in Test Program





In making the case for the inclusion of the SE into the test planning process, PM DIS examined the critical issues to be addressed by the Bradley test program, and how these issues can be supported in the SE. Because of the limited resources available to support this effort, the PM DIS focused on the LRIP exit criteria (Figure 5) to demonstrate the potential utility of  the SE.
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Figure 5  LRIP Exit Criteria


For the Bradley M2/M3A3 program there are over 430 Measures of Performance (MOPs) identified (Figure 6). Of these, twenty-four were identified as being "key" to the LRIP decision. These 24 MOPs may be grouped into four major areas: 





	(	Situational Awareness/Command	


 		& Control


	(	 Lethality


	(	 Combat Mission Reliability


	(	Production Readiness. 
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Figure 6  Evolution of Key Bradley


                       MOEs and MOPs





In a preliminary study, all 24 key MOPs were examined for potential ways in which the live environment (LE) and SE could support both testing and the relative scope of the testing available under each approach. For each MOP, the environments were rated by their ability to support the critical test resolutions according to the following evaluation scale:


	


	(	N - 	Environment cannot support


			the resolution of this


			requirement. 


L - 	Environment can collect data


			that can be used to support


			resolution but cannot resolve


			any issues. 


M -	Environment can resolve some


		of the issues associated with 


		the MOP but not all issues. 		


	(	H - 	Environment may be ideally


			suited to resolve all of the 


			issues associated with the 


			MOP.





This analysis suggested that there is a significant opportunity for the SE to support the developmental test (DT) and operational test (OT) programs.  In order to determine if  the SE actually enhanced the overall testing capability or simply provided a redundant capability to the LE, the supportability of the two environments were compared in a two�dimensional histogram (Figure 7). 
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Figure 7		Comparison of Ability of Two


			Environments to Support Key


			Bradley MOPs





The results indicated that for the most part those MOPs that can be well supported in the LE cannot be well supported in the SE and vis-a-versa.  As should be expected, those MOPs associated with the new digital command and control system are most favorably addressed in the SE.  This advantage is partially due to restrictions in the LE and partially due to the inherent capabilities of the SE. In the LE there is limited opportunity for testing, especially force-on-force testing.  In the current Bradley test program, the first real force�on�force tests do not occur until the Limited User Test (LUT) 2 (March 98)  that will engage a platoon of A3s against a platoon of A2s.





The second, and last, force�on�force test is an Initial Operational Test and Evaluation event (March 99) in which a company of A3s will engage a company of A2s. Both events only offer limited opportunities to evaluate the utility of the BFVS's digital C2 systems to help the crew — and then too late in the development process to support system improvement efforts.  The SE may offer the capability of performing intensive situational awareness testing early in the cycle.  Results can be used not only to test the progress of development uniformly across the various software drops but also to identify potential problems early enough for the developer to incorporate upgrades in the initial delivery. 





In the course of the investigation, a general picture of the required SE emerged (Figure 8).  This environment represents a four layered architecture:





Layer 1 (Test Vehicle):  At the 


center is the target test platform.  This platform, developed by UDLP in their Simulation and Instrumentation Laboratory, is proposed to be an A3 simulator that can utilize both the operational displays and software in a realistic Bradley shell.  Through the use of this internally developed UDLP simulator, problems of validating the displays and software tested are obviated. 





Layer 2 (Interactive Vehicles): The second layer consists of those friendly vehicles with which the target test vehicle must maintain voice communications.  If the target vehicle is a platoon leader, then these vehicles
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Figure 8  Synthetic Architecture to


      Support Proposed Tests





would represent his platoon and contacts at the company level.  These vehicles will be supported through the use of manned simulators (e.g., those at the Core DIS Facilities and CCTT simulators). 





Layer 3 (Non-Interactive Vehicles and Organizations):  The third layer consists of all other players in the exercise: friendly and enemy troops and command and support elements.  These will be implemented using principally semi-automated forces (ModSAF). 





Layer 4 (Exercise and Data Analysis Support Services):  The outer layer consists of those programs and systems required to support the planning, setup, execution, and analysis of the exercises.  These include the standard services provided by PM DIS's STOW-A infrastructure (plane view display, exercise controller, etc.) and other PM DIS support tools (STRIPES and Simulyzer). 





As previously indicated, most of the elements for this exercise already exist as part of the STOW-A infrastructure (Figure 9). This infrastructure, in addition to the aforementioned components, has a number 


of network tools (e.g., the Application Gateway and XCAU), which improve performance of the network.  Since the system currently supports the integration of the Brigade/Battalion Battle Simulator (BBS), exercises can be supported that need to be interfaced to aggregate units, higher-level echelons, and various combat support services.
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Figure 9  STOW-A Infrastructure:  Existing


		and Needed Expansions





The STRICOM Project Manager for  Instrumentation, Targets, and Threat Simulators  (PM ITTS) is funding  a Feasibility Engineering Analysis (FEA) effort to develop a plan for the use of this SE to perform side�by�side testing with the LE (Figure 10).  This paired test, recommended by Major General Larry Lehowitz, Commanding General, Operational Test and Evaluation Command (OPTEC), is designed to provide the OTE community with insight and experience into where the SE might (and might not) be useful. In addition to developing the OT support test plan, the FEA will include an experiment in March, 1997, to collect data that could be used to support the LRIP decision in June of 1997.  Leading up to that exercise, there will be an in-process demonstration in January to provide the system evaluators a preliminary understanding of the type of data that they can expect from the March test.
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Figure 10  Schedule for Proposed Effort





Because the operational software that will be available for these events represent early, intermediate functional software releases (drops) with limited capabilities, the objectives of this demonstration and exercise are kept limited and focused (Figure 11).
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Figure 11  LRIP Exercise Objectives





In cooperation with UDLP, a system architecture for the exercise was developed (Figure 12).  This system represents the first phase of a series of evolutionary builds of the SE that will support the side�by�side DT/OT test program.  New development in this phase will emphasize the integration of tactical communication modeling capabilities (previously developed by Mitre under  PM DIS sponsorship for the EXFOR program) into the STOW-A DIS environment.  This will permit communication between the simulated forces and the Bradley Plus Simulator (BPS) using Variable Message Format (VMF) communications.
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Figure 12  Architecture for LRIP Support


                    Exercise





LOOKING AHEAD





The SE does not replace testing. If successful, this project will mark an important step forward in the use of the SE to support test and evaluation. The SE proposed for the Bradley-A3 provides a cohesive framework for integrating the perspectives of the developers, evaluators and testers, trainers, and users.   As our SE IPT worked together and became more cohesive, it became apparent that we had only scratched the surface of the potential for the SE to benefit the total acquisition program. We now turn the discussion toward the future and briefly touch on some areas of possible high payoff from the SE.





Decision Risk Analysis Support.  The SE is a powerful risk mitigation tool. It is a long accepted practice to use M&S to evaluate the cost/benefits and to quantify the risks associated with new project starts. However, many acquisition programs discard these tools after the decision is made to commence. There are many risky decisions along the course of the program, however, that could be served by better information, even if that information came from the SE. The formal process of Decision Risk �Analysis (DRA),  developed over 20 years ago in the Army Materiel Command (AMC),  provided program managers a means of quantitatively balancing program cost, schedule, performance, and risk. Use of DRA can help identify alternative courses of action, quantify risks for decision making, and provide insights. We think of  “risk” to mean that there is insufficient information in which to proceed and, therefore, assumptions must be invoked. Assumptions are judgments based on “world views” or mental models of the situation of interest. The SE, in support of DRA, can provide insights about the validity of assumptions by representing a high fidelity description of the “world view” of interest.





The SE can play an important role for the decision maker by augmenting his/her mental models. We envision acquisition programs in the future that will rely on a continuously evolving SE, alongside the actual program, that will be a place that program managers, testers and evaluators, users, and trainers can go to obtain insights and check their assumptions to improve decision making, speed up development, reduce testing costs, conduct early training, etc. Some of the opportunities to use the SE in the current Bradley-A3 program and, perhaps, in other programs in the future, are suggested below.





Lethality.  Recently, we proposed to the OSD Live Fire Testing office an extension of the Bradley-A3 SE beyond Situational Awareness and C2 concerns into Lethality. Lethality is measured as probability of hit. The probability of hit depends on the motion of the gun barrels, the turret platform, the vehicle suspension, the terrain, and the ability of the vision aids and C2 to find and engage the targets, to name only a few factors. Hence, lethality would be a natural and valuable extension of the usefulness of the SE. With the addition of Lethality, we can use the trainup sessions for the gunners in the BPS as opportunities to perform correlation analyses between the SE and LE. Moreover, having achieved correlation, we can then address live firing scenarios that are beyond the ability and resources for live testing.





Live Fire Testing.  Another extension is to use the SE to analyze the vulnerability of the Bradley-A3 itself against hostile fires. Shot line models and fragmentation models produce results that differ greatly from real-world live tests. However, we view these differences as the inability to replicate the phenomenon, whether it be real OR synthetic. Hence, the presence of variability does not necessarily mean the synthetic model is worthless. If we can find an interested sponsor for these studies, we could save many dollars in testing and lost Bradley-A3 vehicles.





Virtual Concept-to-Production Support.  In the area of life cycle sustainment, the Dynamic Analysis and Design System (DADS) models, developed by the University of Iowa, TARDEC, and UDLP, in the Iowa Center for Computer Aided Design, could be employed to study stress points and mechanical failures of the vehicle and turret systems under realistic simulated off-road and combat conditions. These failure predictions would replace less objective methods that logistics analysts now use to input to the Logistic Support Analysis Record (LSAR) models. The LSAR models dictate the initial provisioning of secondary item spare parts and depot stockage levels for the system after it is fielded. Replacing less sophisticated estimates (SWAGs) with estimates from DADS models could save millions in total life cycle costs.





Embedded Training.  A special study of embedded training for the Bradley-A3 using the SE should be initiated. We argue that the knowledge gained and capabilities developed in our SE project would lend themselves to embedded training for the system after it is fielded; however, the specific requirements for that functionality are yet to be formalized. 





Combined Arms Analyses.  Finally, there is considerable interest in investigating the combat value of the Bradley-A3 in the combined arms environment. With the SE, we could run excursions in which the battlefield is populated with numerous entities, including M1A2 SEP tanks, Crusaders, C2Vs, etc. These type of excursions would be useful for high level force-on-force analyses and force comparisons.





Agent for Change for Future Combat Vehicles.  Future Combat Vehicle concepts could be evaluated, alternatives could be compared, and designs could be explored,


produced, and tested, all in the virtual world with the rapidly-evolving tools currently available (or soon to be available) in the SE for ground vehicles. SE investments in all phases of the Concept-to-Production cycle are beginning to pay off. We have the capability to virtually develop and study concepts; design and engineer mechanical and electromechanical vehicle systems; drive the virtual systems with real soldiers in the loop; test them on the virtual proving ground; optimize their design and predict failures and reliability; simulate production processes;  and accurately estimate sustainment costs and strategies. Specifically, our academic and industry partners supporting the Bradley-A3 program through the Industry/University Cooperative Research Center (I/UCRC) already proved out many of these capabilities and applied them in the automotive and heavy equipment industries. With the current interest in the future combat systems, the successors to the Abrams and Bradleys, and with these emerging synthetic environment and M&S tools, the Army is in a unique position to seize the opportunity to fundamentally change the acquisition process. By applying them to current Bradley-A3, Crusader, and the Abrams SEP, the change can occur in an evolutionary way.





SUMMARY





The integration of the distributed synthetic environment into a weapon system's entire developmental and support cycle (concept development, system development, etc.) offers  many advantages, among them: (1) Test Planning and Mission Rehearsals, (2) Higher Level of Learning Available (e.g., longer running time, more scenario replication, fewer required vehicles, and the ability to run scenarios not permitted due to safety and environment concerns), (3) Automatic data collection and analysis, (4) Real-time end-game analysis and damage assessment, (5) Post-test evaluations and what-if scenarios to study side operational issues and cases, and (6) Concurrent consideration of operational testing needs earlier in the acquisition cycle.
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