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Abstract 
Program and Test managers are facing unique problems as they attempt to develop and field systems this decade. One of which is the need to get systems and upgrades to the fleet faster in response to the new littoral dimension, but with fewer resources. Acquisition Reform has helped primarily in getting the hardware, but has done little to get systems through the legislated test hoops, which is necessary for the fleet to realize the fruits of our labors. Today’s successful Test and Evaluation (T&E) managers have to develop executable test strategies which fit within severe cost, schedule and resource constraints - and do it within acceptable risk and increasing oversight. 

The test team for the submarine Combat Control System MK 2 Block Upgrade program thought "out of the box" and got it done right. This paper describes the unique T&E approaches used to successfully get the system through the often neglected portion of the acquisition process, the test program. The paper presents a series of T&E "lessons-learned" describing their approach to partitioning, focusing on the right tests, tailoring data, sharing resources and being flexible. This effort allowed the program manager to provide the submarine fleet with a much needed capability, developed, tested and fielded within three years at a fraction of what it otherwise could have cost.

Abbreviations
ACAT – Acquisition Category

ADCAP – Advanced Capability

ASW – Anti-Submarine Warfare

ASUW – Anti-Surface Warfare

ATWCS – Advanced TLAM Weapon Control System

CCS – Combat Control System

COTS – Commercial off-the-Shelf

DT – Developmental Test

EMD – Engineering Manufacturing and Development

JMCIS – Joint Maritime Command and Info System

M&S - Modeling and Simulation

MK - Mark

NDI – Non-developmental Item

OPEVAL – Operational Evaluation

OT- Operational Test

T&E – Test and Evaluation

TECHEVAL – Technical Evaluation

TLAM – Tomahawk Land Attack Missile

USW – Undersea Warfare

T&E With Less
Program and test managers are being asked to provide systems to the fleet faster and with fewer resources. Toward the end of the Engineering, Manufacturing & Development (EMD) program phase dollars planned for Test & Evaluation (T&E) are sometimes needed to pay other bills. Therefore a test program must be integrated and focused to begin with, providing an adequate management reserve to cover contingencies. The following is an example of a "lean and mean" T&E program used for the Combat Control System Mark 2 Block Upgrade I Program. This effort accomplished a good deal of testing by partitioning, focusing on the right tests, tailoring data, sharing resources and events wherever possible and being flexible. This effort allowed the program manager to provide the submarine fleet with a much needed capability, developed, tested and fielded within three years at a fraction of what it otherwise could have cost.

Background 

The submarine Combat Control System (CCS) MK 2 Block Upgrade 1 Program provides a Commercial Off-the-Shelf (COTS)/Non-developmental Item (NDI) infusion and function upgrade to the baseline SSN 688 Class submarine combat systems. CCS MK 2 integrates sensor data to allow mission panning and fire control solutions for offensive and defensive submarine operations. The upgrade program was structured to integrate TOMAHAWK Block III Missile, facilitate strike planning, integrate torpedo functionality tailored for shallow water, bring combat control into the Joint Maritime Communications and Information System (JMCIS) network and replace some obsolete processing equipment. While the program itself was relatively small (ACAT III) and well defined, the numerous and varied test requirements necessary to demonstrate performance indicated an extensive test program.

Scope of the Effort
The Block Upgrade program encompassed five functional disciplines; Strike, Anti-Submarine Warfare (ASW), Anti-Surface Warfare (ASUW), Command & Control (C2) and Mission Planning which are interrelated to some degree, but require unique tests to verify and validate performance. Each facet of the upgrade provided its own set of requirements which needed to be understood before any consolidations of test requirements could be attempted.

TOMAHAWK Block III integration - Changes to CCS were needed to be developed and tested which allowed CCS to fully realized the planning and mission extension capabilities that the TOMAHAWK Land Attack Missile (TLAM) BLK III brought to the submarine community. Such a test program requires extensive land based certification supplemented with simulated and actual TLAM launches from both the horizontal and vertical submarine launching systems.

ATWCS Integration - CCS had to integrate with the next generation of TLAM control equipment. The Advanced TOMAHAWK Weapons Control System (ATWCS) was being developed to meet submarine and surface ship applications. The development was being conducted by another Command and it’s schedule was concurrent with the CCS BLK I. CCS could not be fielded effectively without ATWCS. An effective test program would require extensive interface, timing and security evaluations as well as end-to-end tests with simulated missiles.

SFMPL Update - The CCS needed to recognize and interface with the latest version of the common submarine mission planning tool set known as the Submarine Functional Mission Program Library (SFMPL). A test program would require an extensive series of engagement scenarios be generated to verify planning accuracy. Once confident of performance, the SFMPL output then had to be tested through fire control with a series of simulated, and ultimately full end-to-end, firings.

ADCAP Torpedo Modifications - Changes were needed so that CCS could recognize and utilize the latest MK 48 Torpedo Block Upgrade to its full potential. The test program would require CCS to be exercised in all new and existing torpedo modes of operation as well as developing new torpedo scenarios for which CCS would determine optimum torpedo settings. A series of end-to-end engagements involving surrogate targets and live submarines would be required in various geographic locations.

JMCIS Integration - The joint information "battlespace" is growing at a phenomenal rate. For the submarine community to keep pace with battle group interconnectivity, CCS needs to interface with the Joint Maritime Command Information System (JMCIS). CCS had to be modified to accept the new data format, tagging and distribution techniques. The test program would require extensive land based testing followed by live over-the-air transmission of data between the submarine and various surface, land-based and air assets to demonstrate connectivity.

Obsolete Equipment Replacement - Existing CCS processors which could not handle the expanse of new information or were now obsolete and difficult to support had to be replaced with "state of the practice" commercial processing equipment, "ruggedized" to meet the demanding needs of submarine service. This equipment needed not only to be tested "stand-alone" to assess their own performance, but also integrated as part of the total CCS system at a land based facility. The COTS nature of the equipment required additional performance verification and characterization tests to verify vendor performance claims and identify any hidden bugs which could not be tolerated for weapons planning and control.

Each of the above capabilities by itself normally would require its own extensive test program followed by a full system OPEVAL under realistic battle environment conditions. The preliminary estimates to the CCS MK 2 BLK I program using the approaches and methodologies of the past required a test program which unacceptably stretched over three years. With today’s reduced budgets, limited availability of submarines, and the need to get systems out to the fleet faster, the challenge was to accomplish as many test objectives within an acceptable level of risk and field a system in two years. The strategy was to design a test program which was based on minimizing and combining tests up front as well as maximizing cooperation with other program offices to effectively utilize whatever at-sea resources became available.

Lean and Mean
To realize the extent of testing required on a fixed budget, old Developmental and Operational test (DT and OT) paradigms had to change. The most significant strategy to success was to combine DT and OT objectives wherever possible. Care was needed to ensure that adequate separation of control was maintained between the DT and OT test communities as required by Law. Additionally, the testing had to be integrated throughout and not as a series of separate MK 2 events focused on each aspect of the upgrade. The new strategy assessed the baseline performance using extensive land based testing that was then supplemented with at-sea events as opportunities arose. It was clear from the start that a small ACAT program could not demand the kind of dedicated fleet support to accomplish it’s own test objectives. We had to be flexible. The strategy required that the test requirements be partitioned such that appropriate tests could be grouped based on the constraints of the event. This concept was risky in that it depended upon other test events to materialize which fit into the overall CCS MK 2 schedule. The success of the test program, and subsequent fleet introduction of the CCS MK 2 Block Upgrade reflected a management approach which was flexible, focused, had real-time management control and included a knowledgeable and dedicated team. The following are some of the more salient "Lessons Learned" of the CCS MK 2 Block Upgrade test program:

Lesson 1 - Combined DT and OT Works, And Actually Was Preferable.
The close working relationship between the developers and the Operational testers allowed testing to be structured to meet both sets of objectives as test opportunities arose. DT scenarios were structured to use more free-play, which was somewhat a departure from previous practice. While this made each DT event more realistic, it did detract from specific DT objectives and added more uncertainty to data analysis. The OT scenarios had to be slightly more structured to allow for meaningful data collection. Specific test start and end points were added to allow more test scenarios to take place per day to minimize range costs. The overall scope of the testing was reduced quite substantially, and because of the close DT/OT working relationships, CCS was able to take advantage of unique test opportunities with little notice. Monthly test preparation meetings were held to coordinate details. Additionally, each test manager was on site at each event to address issues in real time. The result was that over two-thirds of the OT objectives were addressed by the time the formal independent phase of OPEVAL, as required by Law, begun. Unless some catastrophic problem crept up, there was a good chance that OPEVAL would be successful.

Lesson 2 - Efficient Testing Is Possible, Group Similar Test Objectives.
The T&E manager looked for areas where the functions were interrelated and grouped those where test requirements were similar. The first clear division was between the undersea warfare (USW) search/attack functions and the strike functions. The USW ADCAP and SFMPL test requirements were grouped together and whenever one was tested, so was the other. Similarly, the ATWCS, TLAM BLK III and JMCIS integration testing were grouped together. Equipment processing upgrades cut across both functional specialties and thus could be assessed during any of the other two test events. This splitting of the test program was advantageous because if any subsystem development effort fell behind schedule, it could be detached to limit jeopardizing the entire Block Upgrade. This approach became especially useful since the ATWCS development was managed by a different Command and their requirements addressed both surface ships and submarines. The chances of ATWCS not being fully certified to support a specific CCS test phase loomed over the entire test program. Another advantage of the "partitioned" test approach was that it reduced the scope and schedule demands of the test submarine which hosted the test and reduced the data required to be collected and processed per event.

Lesson 3 - Don’t Bite Off More Than You Can Chew, Keep Test Phases Manageable
Partitioning the test effort would not alone translate into savings, it would just make it easier to test. The real savings came from reducing the amount of testing from what had been done in the past. There had to be less scenarios, less shots and less days on-range. A bit more management risk had to be assumed. This was not only for cost and schedule reasons, but the program could not efficiently respond to unique target or platform opportunities if each test phase was too large or complex. An assessment of test requirements was made based on the approaches used in earlier generations of CCS. The number of submarine engagements and torpedo shots were reduced to focus primarily on the upgrade itself and limit trying to answer the big USW picture with every event. Testing was also tied to and combined with on-going fleet exercises thereby benefiting from the combined resources of the training and testing communities. For the at-sea live TLAM testing, only two shots were considered. Statistically valid sampling, much the norm of earlier test approaches, had given way to modeling and simulation (M&S) for a majority of the assessment. M&S proved quite useful in focusing the at-sea testing to the absolute minimum. The CCS MK 2 test program developed a core plan for twelve torpedo firings (vice the 30-50 done in previous efforts) and two live TLAM shots.

Lesson 4 - Data Is A Cost Driver, You Don’t Need It All.
A major cost and schedule driver in any test program is collecting, analyzing and reporting data. CCS MK 2 addressed this challenge by partitioning the type and amount of data collected during each phase. The overall approach was to collect data with high fidelity at the land based test site and data with lower fidelity at sea. The thought was not to drive testing with data requirements, but to drive data collection with the testing planned. Since fleet exercises and tactical proficiency events were the source for the majority of at-sea opportunities, data requirements were changed to take advantage of the existing fleet performance logs and collection procedures. Additionally, the data requirements, for reliability and software errors, were reduced to take advantage of fleet data from other test participants. It was found that fidelity of the data needed to support the DT and OT was not as critical as thought. It was better to get more data of less fidelity, than to get almost none of the better data which was labor intensive to collect. The revised data collection schemes also allowed at-sea test data to be supplemented with other contractor certification test results, which further increased the data base available to be included in the final assessment.

Lesson 5 - Testing Is Never Just Yours, "Piggyback" Events Are The New Reality.
The CCS MK 2 program did not have the kind of major defense program status to command dedicated fleet and range services over long periods of time. For the program to meet its objectives within tight fiscal and schedule constraints, it needed partners. As a result of coordination with other program offices throughout the command, other managers were found willing to take advantage of CCS MK 2 testing and therefore share costs. T&E managers from the torpedo, ATWCS, TLAM and JMCIS development offices formed a "test federation". Each office kept a close eye on upcoming events with the fleet training, proficiency, and tactics communities for opportunities to test. Once an opportunity for at-sea testing became available, the test team quickly coordinated with all others in the federation to see who could participate and what funding was available. The test federation decided which program would be the lead and what specific objectives were more critical to achieve, given the unique aspects of the test opportunity. All participants had to alter their test plans to a degree to meet the collective goal. The result was that the entire USW test program, except for an independent period for OPEVAL, was conducted with a series of five "piggy back" events with most of these being of sufficient realism to be combined DT/OT events.

The CCS TLAM/ATWCS/JMCIS portion was structured to match the ongoing TLAM Operational Test Launch proofing events. The missile costs were born by the TLAM program office and the test range costs were shared. The Air National Guard was tapped during some of their regular training exercises to provide one of the many links for the JMCIS evolution. Testing was supplemented with other rarely used ground and at-sea test platforms who were very eager to provide low-cost or free support to spice up their own, otherwise bland, training evolutions. All participants had to give a little to get a lot. The tactical and training communities got to see the latest systems and weapons in action, while the development community got to stress their systems in live, tactically realistic environments.

The End Result 
The CCS MK 2 test program was a very successful "seat-of-the-pants" adventure. The at-sea test program included 26 USW tracking events, ten live and ten simulated weapons firings, numerous TLAM simulations and two live shots. All this was supplemented with mission planning events using submarine, ship, land and air assets. The current fiscal environment and reduced training cycles limited the amount of test opportunities to a degree, but overall there were enough eager participants to meet test objectives. The CCS MK 2 BLK I development and test schedule did extend somewhat from what was originally envisioned by using the "opportunity" based test approach, but overall was a major success. This entire test program was conducted for approximately one-fifth the cost of what might it otherwise have, and the submarine fleet received an awesome new capability sooner that it had expected. Everyone was a winner.

