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1.0 Executive Summary

This investment is for a technology refresh program for the FAA Airbus 330/340 Fly-By-Wire (FBW) simulator that is managed by Flight Operations Simulation Branch, AFS-400 and entered into service at the Mike Monroney Aeronautical Center in February 2009.  

The Airbus 330/340 simulator was baselined and approved by the Joint Resources Council (JRC) on November 15, 2006.  The technical refresh program was approved by the Acquisition Executive Board (AEB) as an Acquisition Category (ACAT) 5 on August 13, 2009.  A tailoring request to waive the requirement for an Investment Analysis Readiness Decision (IARD) and proceed direct to FID was approved by the AEB on January 15, 2010.  Since the simulator is a JRC baseline program and since IARD was waived, no Concept Requirement Documents were required.  The Investment Analysis Plan was approved by AFC-1 on April 2, 2010.
The baseline technical refresh program will be accomplished over a three-year period starting in FY12 at an estimated total cost of $x,xxx.xx.  Also, included in the business case is a “next step” plan for three additional technical refreshes in the FYxx, 20xx, and 20xx timeframes.

These technical refresh programs will be key contributors to expanding National Airspace System (NAS) efficiencies and effectiveness in a rapidly expanding aviation environment.  
2.0 Problem Statement

The FAA Flight Technologies and Procedures Division, AFS-400 is responsible for the development, analysis, and introduction of new concepts and technologies for aircraft navigation and instrument flight operations into the NAS.  In order to ensure timely research and testing of new and advanced aircraft technologies, an Airbus FBW Simulator technical refresh will be required starting in 20xx.  All new aviation technology and in-flight operational procedure(s) proposed for air carrier industry integration within the NAS require evaluation and certification before implementation.  The Airbus simulator provides the highest fidelity simulation and data collection capability for real-time “human-in-the-loop” testing.  Decision-making on NAS modernization is based, in part, on the continually evolving operational concepts driven from a series of aircraft centric procedural and equipment changes.  Therefore, technology refresh equipment upgrades will be required for the simulator because of expected future NAS efficiency enhancement proposals, studies, and developments derived from new and advanced aircraft and avionics capabilities.  
3.0 Assumptions, Constraints, and Conditions
The technical refresh of the FBW Airbus 330/340 Full Flight Simulator will be applicable through the simulator’s full life cycle extending through FY20xx.  This simulator supports NAS modernization and development initiatives for the evolving NAS environment, as well as, future FAA and National Transportation Safety Board (NTSB) safety initiatives.  This investment is spread over three years starting in FY20xx and ending in FY20xx.  The FY20xx investments will include Synthetic Vision System (SVS), Digital Head–Up-Display (HUD), and an Automatic Dependent Surveillance-Broadcast (ADS-B) Upgrade, along with upgrades to the autopilot to support ADS-B.  The technical refresh investments for FY20xx and FY20xx include the Airbus 380/350 aerodynamic performance packages.  These added capabilities will function seamlessly with the existing simulator and provide needed future capabilities that are not currently available in this simulator. 
4.0 Current State Description – “Status Quo’ or “As Is”
Without the technical refresh of the Airbus simulator, the interdependencies between pilot, controller, and aircraft, utilizing new state-of-the-art technologies, will be restricted to legacy systems that could potentially impact the advancement of Next Generation Air Transportation System (NextGen) aviation safety initiatives for:
a. Comprehensively defined operational procedure development and regulatory guidance
b. Unique flight envelope research (upset recover/stall/wake) that are relevant to computer-controlled FBW aircraft and capacity increase initiatives (e.g. closely spaced operations), and
c. Cockpit ergonomics related to crew human factor workload and situational awareness, as well as shared Air Traffic Management (ATM) responsibilities driven by ADS-B.
5.0 Future State Description – “To Be”

Technical refresh of the Airbus simulator is necessary to keep pace with the changing and expanding commercial airline fleet.  Technical refresh will enable the FAA to conduct high fidelity operational procedural development and Research Engineering and Development (RE&D) programs on emerging technologies to ensure continued worldwide leadership in aviation safety.
5.1 BASELINE TECHNICAL REFRESH (FY 2012-2014)

The following technical refresh projects have been identified starting in FY20xx.  

· Improved SVS technology to display a fully integrated visual system will support such NextGen initiatives as self-separation, closely spaced operations, low visibility departures and arrivals, and access to airports with reduced navigational specifications and criteria.  SVS will enhance pilot situational awareness and increased safety to the operators by using terrain, obstacle, geo-political, hydrological and other databases.

· HUD improvements will provide both digital and analog HUD research to support NextGen initiatives such as self-separation, closely spaced operations, low visibility departures and arrivals, and enhanced flight and synthetic vision systems.  Digital type HUDs are being outfitted on NextGen transportation aircraft, and this enhancement will provide both ends of the spectrum (digital and analog) in HUD research.

· Many research initiatives will emanate from ADS-B technology.  Such initiatives include self-separation, closely spaced operations, terminal capacity increases, runway and taxiing flow plans, and no radar coverage areas in mountainous terrain or oceanic.  This upgrade will include moving ADS-B displays from the Electronic Flight Bag (EFB) to the forward field of view on the Navigation Display (ND).  As ADS-B continues to mature between 2012 and 20xx, enhancements will require simulator research studies to determine human factors issues with display symbology, pilot/controller interface, communications, and provide aircraft performance and human-in-the-loop data to assist in the development of new regulatory actions and procedures. 

· Future operations will include self-separation capabilities for Closely Spaced Parallel Operations (CSPO) and wake turbulence avoidance.  This will require an advanced autopilot linked to ADS-B for aircraft designation and flight following.  Autopilot algorithms will require modifications to provide changes in airspeed, altitude, and heading while linked to another aircraft and provide automated divergence if conflicts arise.

· The Airbus 380 (A380) four engine aircraft is in the “super heavy” category because of its size and weight.  Although no United States carriers fly the A380, its presence in the National Airspace System (NAS) still impacts major cities from foreign carriers flying international routes.  Due to its size differential in comparison to the A330/340 (the A380 has a 262 foot wingspan), it presents several challenges in accommodating its presence.  The A380 requires greater separation between trailing aircraft for departures and arrivals.  Additionally, A380 movement within airport terminal areas will require studies to give pilots, controllers, and airport officials a better understanding of ground traffic flow issues that are generated due to its wingspan, slow taxi speed, and special ramp/parking requirements.  Runway incursion studies will be of particular interest due to the size of the aircraft.  The above mentioned items will have an impact on increased capacity, effecting NextGen goals.

Unlike the A330/340 (the Airbus two/four engine versions of a Boeing 777), there is no capability to crossover the FAA Boeing 737 simulator to any other Boeing aircraft configurations.  This limitation is due to the Boeing cockpit and avionic design differences.  However, the Airbus 350 (A350) performance package would give the FAA a Boeing 787 equivalent FBW wide-body aircraft for a fraction of the price of a new stand alone simulator.  This would also give the FAA an increased capability in replicating the majority of legacy aircraft currently flying in the NAS, as well as, future NextGen aircraft.

The A350/380 performance packages will provide aerodynamic models that will replicate the actual aircraft.  Airbus qualified pilots, controllers and aircraft response times (synergistic airspace environment) can be measured in enroute, terminal, and airport movement areas during NextGen operational procedure implementations such as:

· ADS-B 

· CSPO 

· RNP

· Wide Area Augmentation System (WAAS)

· Legacy programs such as ILS

Examples of potential research initiatives include linking to the narrow body B737 during CSPO testing.  Testing would also be conducted for pilot/controller interface in maneuvering aircraft to proper “merging and spacing” to increase airspace efficiency and effectiveness using ADS-B/self-separation autopilot.  This testing is planned on the A330/340 and would also be available on the A350/380. The ADS-B applications will provide enhancements to airport/runway large aircraft movements that will increase capacity and improve future pilot/aircraft response times to data linking.  In addition, National Transportation Safety Board (NTSB) and FAA Office of Accident Investigation (AAI) would also have these type specific models available for safety and accident investigations. 

5.2 “NEXT STEP” TECHNICAL REFRESH (20xx-20xx)
Additional projects are anticipated over the remaining xx-year life of the FBW simulator.  Technical refreshes are planned for FY20xx, 20xx, and 20xx.  Simulators require regular upgrades to stay current with the aircraft being simulated as well as Air Traffic Control (ATC) technology and NextGen.  This is particularly important for a research simulator.  In addition, simulators need to be updated to stay current with simulation models and visual system technology. Computers, displays and motion servos need to be replaced when they become worn out, obsolete, and/or unsupportable by their manufacturers.  

Based on experience, we have established a x-year update cycle with aircraft avionics and cockpit display updates (20xx, 20xx, 20xx and 20xx), and simulator and visual system upgrades every x years (20xx and 20xx).  This will allow the simulator to stay in service as an advanced Level D FBW full-flight simulator for the planned xx-year life.

Specifically, these “next step” refreshes will include the following types of projects:
· The NextGen Implementation Plan (NGIP) uses a general guideline of completing initial research and formulating initial guidance on training methods to support detection and correction of human errors in near-to mid-term NextGen procedures by 2014.  As the system matures past mid-term into the final phases and operational issues are refined, a complete modification/upgrade to the Airbus simulator will be needed to keep the FAA on the forefront of state-of-the-art RE&D capabilities to lead industry with key operational decision-making strategies to advance the new technologies.

· SVS, HUD, and ADS-B will go through several iterations/enhancements in the 20xx-20xx timeframe as this technology continues to mature resulting in multiple options for the cockpits and aviation industry. 
· Refurbishment of the simulator will be required to stay current with emerging simulator technology.  Projects would include upgrading the visual system, rehosting computers, upgrading performance modeling software, refurbishing motion system, upgrading High Level Architecture (HLA) linking system to potentially include other research facilities such as the Hughes Technology Center and NASA, and developing the capability for virtual playback system to give researchers real-time feedback and high fidelity analysis, for example.
· Upgrading avionics and cockpit displays as a result of new technology and NextGen, including HUD, Enhanced Flight Vision Systems (EFVS), navigation, communications, etc. 

6.0 Alternatives Analysis and Metrics

The FBW Simulator program was already a JRC baseline approved program.  Since the FBW technical refresh program has been designated an ACAT 5, no alternative analysis was conducted.

6.1 Life Cycle Cost

The Work Breakdown Structure (WBS) Cost Analysis is provided in the Appendix C spreadsheets.  In accordance with the Business Case Guidelines, the basis of the estimates is documented within the Basis Of Estimate Tab of the WBS (Appendix C).  
6.2 Benefits Analysis (quantitative/non-quantitative)

The Airbus 330/340 simulator technical refresh initiatives will accomplish the following:

· Provide regulators with guidance and analysis data for safe implementation of new technology.
· Provide regulatory guidance and accident investigation simulations that will contribute to the reduction of fatal accident rates.
· Provide simulation realism and high fidelity capability for Human-in-the-Loop data across all aviation safety spectrums.
· Provide human factor evaluations of cockpit issues related to work load, ensure correct placement of Cockpit Display of Traffic Information (CDTI), operating procedures, and shared ATM responsibilities.
· Will allow the conduct of high fidelity operational procedural development and RE&D programs on emerging technologies to ensure continued worldwide leadership in aviation safety.
· Will avoid the following costs for a new stand-alone Airbus 350/380 convertible Level D simulator.
The cost and schedule impact of not funding the technical refresh is very difficult to quantify since aviation safety crosses multiple lines of businesses, multiple agencies, and multiple operators.  Impacts could be as follows:

· NextGen programs not reaching their full potential if delays in scheduling of the technical refresh are incurred.  

· Schedule delays to the NGIP, pilot and controller training, and realization of the efficiencies and effectiveness promised in multiple FAA documents and briefs to industry.  

· There are multiple research stakeholders to NextGen – FAA Tech Center, NASA, private research groups, multiple universities, and international agencies.  The Airbus technical refresh is a key element in providing a one of a kind, high fidelity, Level D simulation linked to the Air Traffic system using actual players, pilots and controllers, in the field.  The research to be conducted by technical refresh will interface with other agencies mentioned above to provide the best answers to difficult, complex questions.  The technical refresh will provide a level of stakeholder acceptance and more importantly, will insure continued progression of NextGen development.  

· Scheduling/implementation delays of new technologies as they mature i.e., fuel savings, traffic management enhanced, reduced infrastructure needs, and operator buy-in.

This program supports the Agency Flight Plan as follows:

Goal:  Increased Safety – To achieve the lowest possible accident rate and constantly improve safety.

Objective:  Reduce commercial air carrier fatalities.

Target:   Cut the rate of fatalities per 100 million persons on board in half by FY 2025.

In addition, the NARP lists several milestones scheduled in the mid-term (2012-2018) NextGen domains and solution sets.  Of particular note is the human system integration with key items to the technical refresh being mapped out starting in 20xx.  It includes the development of human factors guidance for ADS-B enabled Cockpit Display of Traffic Information (CDTI).  Another milestone is surface/runway operations awareness (NextGen –Self-Separation).  Initial research to evaluate and recommend minimum display standards for use of enhanced and synthetic vision systems across a range of visibility conditions is scheduled to commence in 20xx.  By 20xx, evaluation and recommended display standards and operational procedures for CDTI to support pilot awareness of potential ground conflicts and to support transition between taxi, takeoff, departure, and arrival phases of flight should be accomplished.  In 20xx, there are also plans for research to be completed to identify likely human error modes and recommend mitigation strategies in closely spaced arrival/departure routings.  By 20xx, research should be completed that will provide human factors guidance to reduce arrival and departure spacing including variable separation in a mixed equipage environment.

6.3 Schedule Analysis
See Appendix B – ISPD Program Schedule

6.4 Risk and Sensitivity Analysis 
Although all Risks were considered Medium or below by the Program Team, an added factor was applied to cover expected inflation above the OMB projections under Cost Risk.  The associated Risk Matrix defines the level of risk associated with the program.  A thorough risk assessment was conducted and a specific Risk Mitigation plan was formulated.  Specifically, of the fourteen risk sources evaluated, only four were in the Medium range and even those were in the low end of the Medium range.  As with all Risk Mitigation Plans, continuous update to the plan will be ongoing until the technical refresh activities are completed, all associated support activities are in place, and no further risk is forecast for the life of the program.  Since the FBW Simulator program is already a JRC baseline approved program.  Since the FBW Simulator technical refresh has been designated an ACAT-5 technical refresh program, no alternative analysis or corresponding risk analysis was conducted.  For this reason the Risk Mitigation Plan and the associated Risk Matrix below include the single alternative of buying the needed technical refresh for the FBW simulator.

See Matrix next page.
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	Risk #
	Risk Source


	Risk
	Source/Root Cause
	Impacts
	Conseq-

uences
	Mitigation/Option

Strategy
	Current Status

	1
	1A (Low)
	Technical Obsolescence Risk
	The Technical Refresh to the Fly By Wire aircraft simulator can be maintained through its lifecycle.
	Technical
	1A
	The tech refresh equipment will be current technology and as such will meet all technological needs. No mitigation needed.
	None

	2
	2A (Low)
	Inadequate Capacity Risk
	Transition period for Tech Refresh.
	Capacity and Capability
	2A
	Based on these systems being provided by existing vendor of both the FBW simulator and its vendors - capacity and capability should not be impacted.  However, close required capabilities should be verified as the integration takes place.
	None

	3
	4B (Med)
	Operability Risk
	Introduction of new technology and functionality to existing FBW simulator.
	Operability
	4B
	New equipment will be integrated by vendor with experience in simulator technology and familiarity with certification standards for the simulator.  FAA program personnel will monitor operational capabilities and their compliance during installation and subsequent check out/certification.
	None

	4
	1A (Low)
	Non-Standard Maintenance Risk
	Equipment maintenance will be performed by the existing maintenance support vendor.
	Probability
	1A
	All equipment will be maintained with existing standard maintenance practices.  No mitigation needed.
	None

	5
	1A (Low)
	Supportability Risk
	Equipment will be fully supportable by vendor through its lifecycle.
	Supportability
	1A
	Vendor has long history of excellent maintenance support on both B737 and Airbus simulators.  No mitigation needed.
	None

	6
	3C (Med)
	Cost Estimate Risk
	Medium probability of escalated cost due to low projected inflation rates. Actual estimates are based on then year ROM prices from vendor.
	Cost Estimate
	3C
	Software and installation estimates are based on  contractor ROM prices that have been historically  accurate.  Additional inflation cost was added to mitigate probable inflation that will exceed OMB projected rates.  Closely monitor requirements during contract negotiations to ensure cost fall within estimates.
	None

	7
	1A (Low)
	Benefit estimate
	Benefit’s not applicable on this program
	Estimated Risk
	1A
	Not required for this program.  No mitigation required.
	None

	8
	3C (Med)
	Schedule
	Availability of Airbus 350 technology is the only schedule risk.
	Schedule Risk
	3C
	Only concern is development of Airbus 350 technologies based on aircraft development schedule. Should be minimal but will not impact other systems that are part of the tech refresh.  Monitor developments on Airbus 350 program to ensure program visibility should there be a delay or cancellation.  This will allow formulation of a recovery strategy/plan. 


	None

	9
	3B (Low)
	Management
	Will Airbus 350 be developed in time to meet Tech Refresh Schedule?
	Control and Planning Risk
	3B
	Monitor program to ensure milestones are adhered to in process and deployment of systems.  Same mitigation strategy as item 8 above.
	None


	10
	2C (Med)
	Funding
	Funding of Program through F&E process.
	Funding Risk
	2C
	Monitor FAA, DOT and Congressional funding actions.
	None

	11
	1A (Low)
	Stakeholder
	None
	Stakeholder Risk
	1A
	Monitor program.  No mitigation needed.
	None

	12
	1A (Low)
	Security
	None that are known.
	Security Risk
	1A
	Monitor program.  No mitigation needed.
	None

	13
	2B (Low)
	Human Factor
	Integration of systems that adhere to aircraft certification standards.
	Human Factor Risk
	2B
	Vendor follows existing Human Factors integration standards.  No mitigation needed.
	None

	14
	1A (Low)
	Safety
	No expected safety issues.
	Safety Risk
	1A
	Monitor program.  No mitigation needed.
	None


6.5 Economic Analysis
6.5.1 Cost/Benefit Analysis

Although not required, a significant cost avoidance associated with the upgrade to an Airbus 350/380 simulator is avoiding the cost for a stand-alone new simulator and a new building.  The estimated F&E avoidance costs are as follows:


Simulator

$  x,xxx,000 



1st year Maintenance
$     xxx,000



Building

$  x,xxx,000


TOTAL

$xx,xxx,xxx
Note:  Simulator costs include an Airbus 350/380 simulator, data, lay-in spares, and training.  Costs were based on 2007 Airbus 330/340 costs escalated at 2.46% per year from 2007 to 2014.  The building cost was estimated at $xxx per sq foot based on the latest special building cost of $xxx per sq foot escalated at 2.5% per year from 2010 to 2014.  Based on an estimated square footage of xx,xxx, the estimated building costs are $x,xxx,xxx in FYxx dollars.  The maintenance costs were based on current Option 4 (FYxx) prices in the CAE maintenance contract escalated at 2.46% per year to FYxx.  These costs reflect F&E costs only.
6.5.2 Net Present Value (NPV)

Not applicable for an ACAT-5 program per the Business Case Guidelines.

6.5.3 Payback Period
Not applicable for an ACAT-5 program per the Business Case Guidelines.

6.6 Related Assessments


Human Factors

Neither the simulator nor the technical refresh projects require any adaptation beyond what is normally required for a commercial flight deck.  Instructor facilities and other on board systems reflect the design standards and philosophy present in all other commercial flight simulators.  All instructors receive training to familiarize themselves with the safe and proper operation of the simulator. 

The Airbus 330/340 FBW simulator is a closed, turnkey standalone COTS hardware/software solution.  AVS does not control the underlying computer technology that is utilized by the vendor to operate the simulator.  


Security
The FBW simulator is on federal property in a secured area.  All contracts administered through this program will include applicable law and policy security requirements.  The MMAC security force provides physical security services for the simulator facilities.  This security is typical of critical government facilities and includes locked buildings, badges or passes for authorized personnel, 24-hour surveillance, and guard gates manned 24 hours a day, seven days a week.  The buildings are locked and patrolled when not in use. 

None of the data related to the simulator will be critical to the NAS, Air Traffic Control (ATC) operations, or airport security.  All data will apply only to the simulator and will be maintained in a secure and confidential manner at the simulator site.  

All personnel working in the simulator area are required to have badges and undergo normal employment security checks.  There will be no classified information or data maintained in the area.  

A Privacy Impact Assessment (PIA) will not be conducted since the simulator does not contain, process, or transmit personal identifying information.


Safety Risk Management (SRM)
A SRM Decision Memorandum was signed by AJS-52 on 4/7/10 waiving the requirement for SRM.  The FBW Airbus simulator is not connected to any automation or operational systems in the NAS.  However, the program is geared toward keeping abreast with technologies for the future cockpits in support of NextGen.  Also, none of the technical refresh projects will provide Air Traffic Control (ATC) and navigation services in the NAS or affect airspace and airport procedures.


Enterprise Architecture (EA)
On 5/25/10, EA compliance, without conditions, was approved by the ARB.
6.7 Budget Impact
The CIT met on March 9, 2010, and recommended that the program be funded over _____ years (FYxx-xx) rather than all the funding in FYxx.  AVS concurred with the CIT-recommended funding profile.  The F&E funding briefed at the time was as follows:

FY 2012
$x,xxx,000

FY 2013
$   xxx,000

FY 2014
$x,xxx,000
Subsequent to this meeting, AFS-440 received funding on 7/13/10 for one of the planned technical refresh projects for FY20xx – replacement of the Thales Flight Management Computers with improved RNP capabilities.  This resulted in a reduction in program cost for FY20xx and also required a rescheduling of projects to try and stay within the JRC-approved FYxx amount of $x.xM.
6.8 Funding Profile

Following is the F&E funding profile in then-year (FY12-14) risk adjusted dollars:  

	ITEM
	FY20xx
	FY20xx
	FY20xx
	TOTAL

	Technical Refresh Projects
	$x
	$x
	$x
	$x

	Prog Mgmt (contract support)
	$x
	$x
	$x
	$x

	Total
	$x
	$x
	$x
	$x


The following is the F&E funding profile in then year dollars for “Next Step” Technical Refresh Projects planned for FY20x, FY20x, and FY20x:

	ITEM
	FY20xx
	FY20xx
	FY20xx

	Simulator Refurbishment/ Cockpit Displays Upgrade
	$x
	$x
	$x


7.0 Recommendation 

As new aviation technology matures, the need for operational procedures and regulatory guidance intensifies.  This technical refresh program will be a catalyst for regulators and ultimately industry users on expanding NAS efficiencies and effectiveness in a rapidly expanding dynamic aviation environment.  .  Recommendations are as follows:

1.
Approve Technical Refresh Investment for FYxx, FYxx, and FYxx

2.
Plan for future Technical Refresh Projects in FYxx, FYxx, and FYxx.
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