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PREAMBLE

This document is designed as a strategic plan for the Federal Aviation Administration (FAA) Alaskan Region Capstone Program Phase III-Statewide implementation.  The contents are intended to create high-level objectives from which detailed work plans can be developed and accomplished.  This plan is linked to the FAA’s budget requests for 2005-2008.  It will be used along with detailed business plans from FAA organizations to align performance and ensure accountability.  Under the FAA Flight Plan 2004-2008 safety goal is the specific objective to “Reduce Accidents in Alaska”.  The stated strategy is to expand and accelerate the implementation of safety and air navigation improvement programs in Alaska, including to “Expand the Capstone Program through a three phased approach starting with Bethel, Southeast Alaska, and, finally, the entire state.”  This plan lays out the strategy for expanding Capstone statewide.
This plan is being coordinated with FAA Flight Standards, Aircraft Certification, Air Traffic, Airway Facilities, NAS Implementation, and the Alaska Aviation Industry.  It meets various lines of business FY-04 business plan goals for a Capstone statewide strategic plan.  
EXECUTIVE SUMMARY

Capstone is a technology focused safety program in Alaska that seeks near term safety and efficiency gains in aviation by accelerating implementation and use of modern technology.  It links multiple programs and initiatives under a common umbrella for planning, coordination, focus and direction.  It develops capabilities and requirements jointly with Federal Aviation Administration (FAA), the Alaskan community, and aviation industry in a manner consistent with future National Airspace System (NAS) plans and concepts, and implements them in a manner leading to self-equipage.

The objective of the Capstone Statewide expansion strategy is threefold:

1. To continue meeting the needs of the Alaskan community by improving aviation safety and access

2. To contribute to fulfilling the mission of the FAA by providing a safe, secure, and efficient airspace system in Alaska

3. To demonstrate a possible cost-saving solution for the Agency by a rapid transition (4 years vs. 20+) to new technologies in Alaska, which can in turn be a model for transitioning the NAS and a solution to providing cost-effective air traffic services into the future

Results of the new technologies employed by Capstone are a 40% lower accident rate for Capstone equipped aircraft.  Expanding Statewide would fulfill the FAA’s mission of providing a safer airspace in Alaska which previously had an accident rate 2.5 times higher than the U.S. average.  Additional results of the Capstone efforts has also reduced the fraction of time by 50% that air travel has been unavailable due to weather thereby meeting the needs of the Alaska community by improving safety and access. Expanding these efforts Statewide would make these benefits available on a larger scale.  In addition, for the United States to remain a global leader in aviation modernization, transition to new technologies is necessary and could prove cost effective as well.  
An accelerated Alaska NAS transition enables immediate user benefits while minimizing the FAA’s operation of dual (new and legacy) systems thus saving costs.  The key to the acceleration strategy is a combined business and investment case that includes aircraft equipage as an essential component of delivering communication, navigation, and surveillance (CNS) services to the NAS.  Therefore, FAA investment in the airborne components is necessary to rapidly achieve a return on investments in the ground infrastructure and provide cost-effective safety and air traffic services into the future.
The Alaska Aviation Coordination Council has worked with the FAA on the development of the Capstone Program since its inception and has provided input to the FAA regarding the next phase of Capstone.  In addition, goals, concepts, and recommendations contained in FAA strategic plans, National Transportation Safety Board (NTSB) studies, RTCA (formerly Radio Technical Commission on Aeronautics) Inc. reports play a key role in defining this plan.   The FAA will partner with the aviation industry and these other organizations to identify and mitigate risks associated with solving safety problems and with a transition toward modernization of the NAS.

Phase III Elements

The Capstone Program Office, in conjunction with the Alaska aviation industry, identified three elements for Capstone's expansion to Phase III-Statewide:  1) expand proven technologies statewide, 2) pursue affordable avionics, and 3) prototype and demonstration hybrid satellite-ground based CNS infrastructure.  Its been realized through Capstone Phase I and II that maximum safety and efficiency benefits are derived from a NAS architecture that integrates the aircraft avionics and the ground systems.  This allows simultaneous modernization of the air and ground systems, and the potential to increase system productivity by use of in-cockpit capabilities.  The following paragraphs expand on each Phase III element.  

1. Expand Proven Technologies Statewide

Through Capstone efforts various ADS-B infrastructure and RNAV procedures now have national standards, guidance material, and supportability.  These cost effective proven technologies are now matured for deployment across the State.  For the ADS-B infrastructure, a basic premise is that where there is an existing communication site (there are approximately 150 throughout the state), a GBT could be installed to allow traffic surveillance.  The final number of GBT sites can be offset by ongoing development of satellite-relayed surveillance data and voice communications.  New GPS/WAAS RNAV/RNP approach and departure procedures will continue to be developed for 50+ airports the industry recommended for upgrade to IFR access.  RNAV/RNP airways will also be charted to connect those and other IFR airports in an airport-to-airport GPS/WAAS based route structure.  Communication facilities and automated weather reporting, as required in support of the RNAV infrastructure, will also be fielded in partnership with other FAA programs and State DOT to ensure cost effective and coordinated Alaska aviation infrastructure upgrades.
2. Pursue Affordable Avionics

As a result of Capstone Phase I and II there are safety avionics available today that were not available 5 years ago.  Capstone will continue to pursue affordable avionics so that aircraft owners will have a range of choices appropriate to their operational needs.  This includes both creating options for equipage (e.g., VFR handhelds or IFR installed) and a strategy to ensure all aircraft in Alaska (approximately 7500) are equipped.  While Government has not historically funded aircraft equipage, there are economic and operational benefits for the Government to do so.  The premise is that it is more cost effective for government incentivized avionics equipage in NAS modernization than to bear the high costs of maintaining legacy ground systems.
3) Prototype and Demonstration Hybrid Satellite-Ground Based CNS Infrastructure 

Capstone will continue to develop, demonstrate, and certify the use of a hybrid satellite-ground based CNS system in an operational environment.  This includes continuing work to develop satellite-relayed surveillance data and voice communications, implement Wide Area Multilateration for mixed ADS-B-transponder environments, testing surface/vehicle surveillance, and extending ADS-B through the use of 1090 MHz consistent with the FAA link decision.  New FIS-B and TIS-B capabilities will also be developed.  As these technologies mature both operationally and technically, they will be added to the Statewide infrastructure as needed.  

NAS Transition
Capstone is pursuing approval through the FAA Executive Council and the Joint Resources Council (JRC) for statewide implementation.  The JRC will determine this based on cost, risk, alignment with the NAS Architecture, affordability, and value / benefit to the FAA and aviation community.  The Alaskan Region and Capstone will work with FAA national offices so matured Capstone systems can begin a transition to other parts of the NAS.  Both ground and airborne equipment will be certified and NAS supported for national deployment.  Capstone statewide implementation can be a model for the future NAS, and can provide answers to technical, operational, and cost/benefit questions that enable the FAA and industry decision-makers to make future CNS technology implementation choices.
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1. Introduction

This document is designed as a strategic plan for the Federal Aviation Administration (FAA) Alaskan Region Capstone Program Phase III-Statewide implementation.  The contents are intended to create high-level objectives from which detailed work plans can be developed and accomplished.  This plan is linked to the FAA’s budget requests for 2005-2008.  It will be used along with detailed business plans from FAA organizations to align performance and ensure accountability.  Under the FAA Flight Plan 2004-2008 safety goal is the specific objective to “Reduce Accidents in Alaska”.  The stated strategy is to expand and accelerate the implementation of safety and air navigation improvement programs in Alaska, including to “Expand the Capstone Program through a three phased approach starting with Bethel, Southeast Alaska, and, finally, the entire state.”  This plan lays out the strategy for expanding Capstone statewide.

Numerous organizations, such as FAA Flight Standards, Aircraft Certification, Air Traffic, Airway Facilities, and NAS Implementation, are represented by the taskings in this plan and contributed to its development.  These offices also contribute to follow-on plans such as the Integrated Program Plan, Acquisition Program Baseline, and Acquisition Strategy Paper – formats are prescribed by the Acquisition Management System (AMS).  

This plan documents the activities supporting Capstone statewide implementation, building from the ADS-B infrastructure in Capstone Phase I and the GPS/WAAS RNAV infrastructure in Phase II.  Aircraft avionics equipage is key to an accelerated implementation strategy, and a combined FAA and industry business investment case that includes the aircraft as an essential element in the NAS is being proposed.  Prototype and demonstration activities of new and emerging technologies of a hybrid satellite-ground based Communication, Navigation, and Surveillance (CNS) infrastructure will also continue.
1.1
Background

Capstone is a technology focused safety program in Alaska that seeks near term safety and efficiency gains in aviation by accelerating implementation and use of modern technology, in both avionics and ground system infrastructure.  It links multiple programs and initiatives under a common umbrella for planning, coordination, focus and direction.  It develops capabilities and requirements jointly with Federal Aviation Administration (FAA), the Alaskan community, and aviation industry in a manner consistent with future National Airspace System (NAS) plans and concepts, and implements them in a manner leading to self-equipage.

Alaska’s aircraft accident rate for air taxi and general aviation during the early-mid 1990’s was 2.5 times higher than the U.S. average (Surveillance and Prevention of Occupational Injuries in Alaska, NIOSH, May 2002).  Given the essential role that air service plays in meeting basic transportation needs, as well as the lack of current aviation infrastructure - Alaska is an ideal location to operationally evaluate key new CNS technologies that improve safety.  These new technologies better allow pilots to deal with navigation, terrain, traffic, and weather hazards and the FAA to provide more efficient and cost effective services.  

Nationally, FAA is struggling to continue operations with a decaying “legacy” NAS while long awaited safety and efficiency gains from modern technologies remain “just out of reach” for both FAA and industry.   Attempts to transition to new / emerging technology have focused primarily on FAA’s funding stream and business case without full and concurrent consideration given to the operator’s circumstances.  Examples include FAA’s investment in developing and fielding the Microwave Landing System (MLS) which was later abandoned when operators failed to equip due to the high cost of airborne MLS equipment.  In addition to high cost, operators noted they derived little benefit from MLS beyond that already available from their previous investment in ILS equipment.   The reverse situation occurred when FAA announced the Future Air Navigation System (FANS-1).  Although aircraft manufacturers and operators equipped aircraft, FAA failed to field the Air Traffic Systems necessary to work with FANS-1.  It is important to recognize that no Air Traffic System will function without both FAA and operators working together.

The Alaska Aviation Coordination Council worked with the FAA on the development of the Capstone Program since its inception and provided input to the FAA regarding the next phase of Capstone.  In addition, goals, concepts, and recommendations contained in FAA strategic plans, National Transportation Safety Board (NTSB) studies, RTCA (formerly Radio Technical Commission on Aeronautics) Inc. reports play a key role in defining this plan.   The FAA partners with the aviation industry and these other organizations to identify and mitigate risks associated with solving safety problems and with a transition toward modernization of the NAS.
1.2 
Status of Phase I and II



Capstone planning thus far focused on two regions of Alaska: Capstone Phase I addresses the Bethel/Yukon-Kuskokwim (YK) Delta area and Capstone Phase II addresses Juneau/Southeast (SE) Alaska.  Phase I, beginning in 1999, included the installation of government-furnished Global Positioning System (GPS) driven avionics suites in 200 commercial aircraft serving the Bethel/YK Delta area.  These avionics included a multi-function display for enhanced navigation, terrain, traffic and weather awareness and a data-link radio.  Compatible data link ground based transceivers (GBT) installed at strategically located ground sites and automation upgrades at the Bethel Control Tower and Anchorage Center provide up-link and down-link communications capability to enable improved pilot, operator, and controller situational awareness.  “Bundled” capabilities/technologies such as Automatic Dependent Surveillance-Broadcast (ADS-B), Flight Information Services-Broadcast (FIS-B), Automated Weather Sensor Systems (AWSS), and GPS approaches have improved safety and access to remote locations in the Bethel/YK Delta. 

Planning for Phase II began in 2001 responding to industry requests and Congressional mandate.  Phase II keyed on a 1995 NTSB study recommendation for an Instrument Flight Rules (IFR) system that better fulfills the needs of Alaska’s air transportation.  Capstone is incorporating technologies matured in the Bethel/YK area, building on lessons learned, and is expanding the use of other risk mitigating technologies to reduce accidents and fatalities in southeast Alaska.   To provide a “more useable IFR infrastructure,” Capstone has developed en route and arrival/departure procedures based on GPS/Wide Area Augmentation System (WAAS) as an only means of navigation, installed remote communication sites, and is pursuing surveillance capabilities through the use of ADS-B, multilateration, and Traffic Information Service-Broadcast (TIS-B).  Certification and operational approval of new enhanced flight information system (EFIS) avionics is also revolutionizing in-cockpit capability for small aircraft.
Through 2003 the FAA Alaskan Region Capstone Program has achieved significant safety and efficiency results.  This integrated system provides pilots with navigation capability and information on other aircraft, terrain proximity, and weather information; and air traffic control and operators surveillance of equipped aircraft.  The result is an architecture that integrates the avionics and ground infrastructure providing increased information for pilots, operators, and controllers.  Results thus far indicate the following (The Safety Impact of Capstone Phase 1-Summary Report through 2003, University of Alaska Anchorage and The MITRE Corporation, May 2004): 

· Capstone equipped aircraft have had a consistently lower accident rate than aircraft before Capstone and non-equipped aircraft during Capstone. From 2000 through the end of 2003, the rate of accidents for Capstone equipped aircraft was lower by 40%. 
· The rate of accidents for YK Delta-based Part-121 [major carriers] and Part-135 [air taxi] airplanes has been falling since 2001 and is now at the lowest rate since 1990. 
· Historically the rate of Part-135 accidents within the YK Delta has been two to four times the rest of Alaska, but in 2003 the accident rate for the Delta was below the rest of the state for the first time. 
· At villages where Capstone has created instrument approaches, the fraction of time that weather makes air travel unavailable has been reduced by 50%. 
1.3 
Purpose


Capstone accelerates use of modern aviation technology.  It also provides the launching platform for validation of many essential elements needed to move toward the future NAS and operational evolution.  Introduction of the future CNS components of the NAS architecture allows an assessment of operational capabilities and mitigation of monetary and safety risk exposure.  The purpose of Capstone Phase III-Statewide is to bring safer and more efficient aviation services to all aircraft (commercial and general aviation) in Alaska, while modeling the future NAS. 
1.4 
Objectives

The objective of the Capstone Statewide expansion strategy is threefold:

1. To continue meeting the needs of the Alaskan community by improving aviation safety and access

2. To contribute to fulfilling the mission of the FAA by providing a safe, secure, and efficient airspace system in Alaska

3. To demonstrate a possible cost-saving solution for the Agency by a rapid transition (4 years vs. 20+) to new technologies in Alaska, which can in turn be a model for transitioning the NAS and a solution to providing cost-effective air traffic services into the future.  
The FAA Flight Plan 2004-2008 describes the steps the FAA will follow to maintain and improve the safety of the aviation system and increase capacity.  It also lays out objectives, such as to “Reduce Accidents in Alaska”, with associated performance targets.  Capstone plays an integral role in meeting various objectives and specifically meeting the performance target to “reduce accidents in Alaska for general aviation and all Part 135 operations by 20 % by FY 2008.”  
In line with the FAA’s Navigation Evolution Plan (September 2004), a Capstone objective by FY-08, is to reduce dependency and begin decommissioning the traditional ground-based system of NDBs and VORs in Alaska by FY08.
1.5
Concept of Operations

Three priorities for Capstone's next phase were identified by the Alaska Aviation Coordination Council (see Appendix B) and adopted by the Capstone Program Office as Capstone Phase III Statewide elements:

1) Expand proven technologies statewide, where possible, to continue upgrading the Alaska aviation infrastructure

2) Pursue development of affordable avionics so that aircraft owners will have a range of choices appropriate to their operational needs (VFR or IFR)

3) Prototype and demonstrate a hybrid satellite-ground based CNS infrastructure.  

Capstone will work with the Alaska Aviation Industry, the FAA Alaskan Region, and the FAA National lines of business to implement the proven Phase I ADS-B and Phase II GPS/WAAS related technologies across the state, while continuing research and development of an emerging hybrid satellite-ground based CNS infrastructure (Figure 1).  Integral to an accelerated implementation concept is that the aircraft is an essential NAS element and that a combined operator/government investment strategy, promoting avionics equipage incentives, will ensure the ground and airborne infrastructures are deployed simultaneously.  As the new ground and airborne parts of the NAS are deployed, that allows for the old NAS to be turned off.  Another key element of this concept is that the technology, procedures, and the processes that Capstone uses will be transferable and a model for a future NAS. 

[image: image2]
Figure 1.  Phase III-Statewide Concept
Concepts of operations and evolution plans for a future NAS, as well as for specific ADS-B and GPS/WAAS RNAV applications have been developed by the FAA and RTCA.  Capstone will use these FAA and industry developed concepts (e.g., Concept of Operations an Vision for the Future of Aviation, RTCA; Joint Government/ Industry Surveillance Operational Concept for Free Flight, RTCA; FAA NAS Operational Evolution Plan 2004-2014; FAA ATO Navigation Evolution Plan; National Air Transportation Plan, Joint Planning and Development Office (JPDO)) as Statewide implementation moves forward.  Specific Capstone developed concepts for use of ADS-B surveillance services and RNAV operations can be found in the Capstone Test and Evaluation Plan for ADS-B Radar-Like Services (30 January 2000) and the Capstone Test and Evaluation Master Plan for Area Navigation (RNAV) Operations in Southeast Alaska (30 September 2003).  The main Capstone ADS-B applications are air-to-air enhanced see and avoid, air traffic surveillance services (center, approach, tower, and flight service), and operator flight monitoring.  The primary operational goal of Capstone RNAV services is to expand the usable low-altitude airspace for IFR operations and increase the access to airports in poor and marginal weather conditions with the use of GPS/WAAS as only (primary) means of navigation.  This allows for the development of an airport-to-airport RNAV departure, en route, and approach route structure.
The concept of avionics equipage include the three foundational avionics elements of GPS/WAAS, Universal Access Transceiver (UAT) multi-purpose ADS-B datalink, and a multi-function moving map display (MFD) across three levels of customers - turbine IFR, VFR/light IFR, and VFR-only (Figure 2).  With full ADS-B equipage, the FAA will be able to provide more efficient and effective services (safer VFR and IFR) to all aircraft (commercial and GA).  For the FAA to realize cost savings from decommissioning outdated ground-based navigation systems (e.g., NDBs), IFR aircraft require GPS/WAAS.  Lastly, to realize full safety benefits, a cockpit MFD for navigation, terrain, traffic, and flight information awareness needs to be on the aircraft.
Turbine IFR                VFR/Light IFR                     VFR-Only
Figure 2.  Equipage Customer Base
1.6
Mission Needs 

Capstone is a technology focused safety program in Alaska seeking near-term safety and efficiency gains by accelerating implementation and use of modern technology.  The need for these safety improvements and the potential for new technology are documented in the National Transportation Safety Board (NTSB) Safety Study, “Aviation Safety in Alaska,” Safety Study NTSB/SS-95/03, dated November 1995.  The study’s foremost recommendation (A-95-121) to the FAA discusses the implementation of a model program in Alaska to demonstrate an IFR system that better fulfills the needs of Alaska’s air transportation system.  Components of this program include GPS/WAAS, a data link for aircraft position and altitude (i.e., ADS-B), and satellite-based communications.
Capstone’s ADS-B efforts are supported by the FAA Mission Needs Statement (MNS) #326, Enhanced Surveillance, Automatic Dependent Surveillance- Broadcast (September 2000).  The purpose of MNS #326 is to exploit ADS-B technological opportunity that increases the FAA’s surveillance capabilities in the terminal, en route, and oceanic airspace environments and the airport surface area.  MNS #326 states that: “By incorporating ADS-B information into the FAA's Air Traffic Control (ATC) automated surveillance data tracking systems, the surveillance capabilities of the NAS are significantly increased/enhanced.”  It further discusses use of ADS-B air-to-air, air-to-ground, and on the airport surface.   
FAA MNS #50, Application of Satellite navigation Capability for Civil Aviation (October 1992) describes navigation capability shortfalls and their corresponding effect on capacity, safety, and supportability issues.  MNS #50 also addresses the manner in which a differential GPS-based system can improve and extend the FAA’s ability to provide en route, terminal, and approach services.  The MNS states the following deficiencies with respect to approach capabilities:  “Some qualifying airports for which service has been requested do not have an approach aid capable of providing the appropriate level of service.  Current systems cannot be sited due to terrain constraints, lack of real estate or, in many cases, financial reasons.”
1.7
Initial Requirements 
The requirement for Capstone statewide expansion was established both in the FAA’s strategic plan (Flight Plan 2004-2008) and through Alaska aviation industry direction (Appendix x).  In addition, guidance from the Capstone Executive Overview committee (includes the Associate Administrator for Regulation and Certification, VP Operations Planning Services, VP Enroute and Oceanic Services, VP Terminal Services, VP Technical Operations Services) was to develop Capstone statewide implementation as a “proving ground” model for NAS modernization.
Specific implementation requirements will be coordinated by the Capstone Program Office with appropriate lines of business.  General safety requirements will be driven by Flight Standards, avionics requirements from Aircraft Certification, Air traffic will determine IFR and VFR services requirements (center, approach, tower, flight service), and ground system installation and maintenance are under the purview of NAS Implementation and Airway Facilities.

Capstone, following the FAA’s Acquisition Management System, will be documenting requirements in various areas including: technical performance, physical integration, functional integration, human integration, security, in-service support, test and evaluation, implementation and transition, quality assurance, configuration management, in-service management, and system safety management. 
Capstone statewide implementation guidelines include:

General

· Improve aviation safety, FAA Flight Plan 2004-2008 performance target is by at least 20%
· Avionics equipage and the means of providing at least today’s level of service using new technology is required to decommission the old ground systems

· Current and improved levels of services with new technology will be provided more efficiently and cost effectively than with legacy systems
· Development of hybrid satellite-ground based CNS infrastructure will continue and will impact future installation decisions, however initial deployment of proven technologies allows for immediate safety and access benefits

Communication
· As ADS-B and RNAV infrastructures are built, requirements for upgrades to communications (and other infrastructure e.g., CCCS, MEARTS, terminal automation, AFSS) will be considered in partnership with other FAA programs

Surveillance

· Wherever there is current communications (RCAG or RCO), implies a requirement for aircraft electronic surveillance (i.e., if you can talk to the aircraft, you want to see the aircraft)
· GBT coverage for IFR should be 500 ft below minimum enroute altitudes (MEAs) and to initial approach fixes.  Additional coverage should be considered for VFR flight plan monitoring, and search and rescue requirements

· Where there are unfulfilled surveillance requirements, ADS-B will be used as a cost effective means of meeting those requirements
· Where there is existing surveillance, ADS-B will be implemented as an alternative means so to enable potential future savings in decommissioning radars

· Enhanced cockpit-based surveillance compliments ground system surveillance, and where ground system surveillance is not available in-cockpit capabilities support self-enabled flight operations 
Navigation

· Current airways and IFR airports need to be accessible using GPS/WAAS RNAV/RNP
· New RNAV/RNP airways should be developed with lower MEA’s and more direct routing using GPS/WAAS navigation capabilities
· The Alaska industry with the FAA have initially designated 51 airports for IFR upgrades, each of these (and future airports) upgrades will be based on using GPS/WAAS RNAV/RNP 
· All airways and approach/departure procedures need to be designed with the lowest possible IFR minimums, and where feasible with LPV approaches (as low as 300 feet DA and ¾ mile visibility)

· Communication, obstacle clearance criteria, and weather reporting requirements apply to RNAV/RNP infrastructure

2. Statewide Implementation
Capstone has been a customer driven program since its inception, and will continue being customer focused during statewide implementation.  First the industry requested “radar-like service” in the Bethel area and then “improved IFR infrastructure” in Southeast Alaska.  Both seem like simple requests when viewed from the overall NAS perspective; however, a number of ingredients exist in the Alaska NAS that produce a contrast in “needs vs. realities.”  The harsh and unforgiving environment demands improved information to the pilot, so they can make better decisions and be provided air traffic service/monitoring along the route of flight; however, passenger loading does not meet the cutoff level for obtaining systems that would provide these services and economic/technical reality does not support installing such an infrastructure using legacy systems.  Flight into terrain-constrained areas is vital to many communities (the state capital is accessible only by air or sea) yet legacy technology (surveillance by air traffic control and pilot situational awareness) does not meet the need.  

2.1 
Operational Services 

The Capstone Program Office, in coordination with the Safe Flight 21 Program, reviewed various operational concepts and application description regarding ADS-B applications, FIS-B, TIS-B, and CFIT avoidance.  Table 2.1 lists services as they matured from Southwest and Southeast Alaska and can be provided statewide due to the combined avionics and ground equipage.  They are listed by Segment that denotes those services that are available now (Segment 1) and those that are anticipated based on on-going development activities.  A description of these services can be found in Appendix C.
Table 2.1   Capstone Implementation/Developmental Activities

	Segment
	Implementation
	Equipment to Achieve Service

	Segment 1
	· Weather and Other Information to the Cockpit 

· Cost Effective CFIT Avoidance 

· Improved Terminal Operations in Low Visibility 

· Enhanced See and Avoid thru UAT

· Enhanced En Route Air-to-Air Operations
· Improved Surface Surveillance and Navigation for the Pilot

· Improved Airport Surface Surveillance for the Controller

· Surveillance in Non-radar Airspace

· Surveillance in Radar Airspace

· Enhanced Search and Rescue

· Operator Flight Monitoring

· Lower IFR Routes
	· Avionics (GPS, ADS-B, MFD, Terrain Database)
· Ground Equipment (Ground Based Transceiver (GBT))

· Approach Control

· AWOS/AWSS

· Tower Display

· Air-ground Comm

· IFR Procedures based on GPS/WAAS

	
	Developmental
	

	Segment 2
	· Enhanced See and Avoid thru TIS-B

· Enhanced See and Avoid thru 1090 Extended Squitter
	· Avionics (GPS, ADS-B, MFD)

· GBT

· Automation Integration

	
	· Surveillance in Non-radar Airspace


	· Wide Area Multi-lateration

· Automation Integration

· ATC Displays

	Segment 3
	· Weather and Other Info to the Cockpit

· Enhanced See and Avoid thru UAT

· Enhanced En Route Air-to-Air Operations

· Surveillance in Non-radar Airspace

· Surveillance in Radar Airspace

· Enhanced Search and Rescue

· Operator Flight Monitoring
	· Satellites to augment GBTs


2.2 
Infrastructure

Figure x. shows a Capstone statewide infrastructure block diagram.  Individual components are discussed in the following sections.


[image: image3]
Figure x.  Capstone Statewide Infrastructure Block Diagram

2.2.1
ADS-B Ground Based Transceiver (GBT)/Automation System  

The Ground Based Transceiver (GBT) is the primary ground-based component of the overall GBT/Automation system located at remote airport locations (Figure x).  The GBT receives ADS-B information from aircraft and transmits it via the Capstone Communications and Control Server (CCCS) and long haul communications to the MicroEARTS (MEARTS) at the Anchorage Air Route Traffic Control facility.  It is then displayed as surveillance data on the Air Traffic Controller’s display.  Production-level, MOPS-compliant, and NAS supported UAT GBTs are being installed to provide surveillance coverage at 10 locations in the Southwest Bethel area, initially at 14 in Southeast Alaska, and initially at 16 statewide locations on the northern tier region of Alaska from the North Slope to the interior, including the Seward Peninsula.  Other GBTs (up to a total of 144 statewide based on the number of voice communication relays now available) may be required to ensure surveillance coverage.  The use of satellite technology to supplement GBTs may reduce the number of GBTs required statewide.  Support systems are also installed, one at the primary support facility (ATB-410) in OKC, one at the WJH Technical Center, and one training system located in Anchorage.  GBT service life is twenty years beginning at the year of commissioning.  The first two years of recurring telecommunications and utilities expenses are paid with F&E funds before transferring to the O&M account.
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Figure 3. Target End-End Capstone Data Link Architecture
See Appendix XXX for a further description of the ADS-B infrastructure and anticipated coverage.

2.2.2
GPS/WAAS RNAV/RNP Infrastructure

The RNAV/RNP infrastructure will include both enroute and approach capabilities.  Enroute GPS/WAAS navigation capabilities will be used to develop a more usable IFR infrastructure with lower MEA’s and more direct routes. GPS/WAAS approaches with vertical guidance that have minimums as low as 300 feet and ¾ mile visibility will be developed for airports selected for IFR upgrade.  

Under Capstone Phase II RNAV/RNP airport-to-airport enroute and approach/departure procedures have been approved through airspace that would be inaccessible with conventional ground-based navigation aids.  Enroute navigation is accomplished via the TSO-145a/146a GPS/WAAS receivers.  Under the provisions of Special FAR 97, pilots may use TSO 145a/146a receivers as “the only means” for enroute navigation in Alaska.  This initially made available an additional 41,000 feet of IFR airspace along 1,521 nautical miles of the existing route structure in Southeast Alaska.  A GPS/WAAS RNAV infrastructure will be developed throughout the state to include lower GPS/MEAs on existing routes, standalone RNAV/RNP airways for most efficient altitudes and direct routing, and new approach/departure procedures for current and upgraded IFR airports.
See Appendix XXX for a further description of the RNAV infrastructure and anticipated route locations.

In support of the RNAV infrastructure weather reporting, communication, and airport facilities may need to be improved.  This will be accomplished in partnership with FAA and State organizations.  The following describe the weather reporting and communication infrastructure Capstone has supported.

2.2.2.1 Automated Weather Sensor System (AWSS)  

AWSS consists of commercial off-the-shelf (COTS)/non-developmental item (NDI) automated weather sensor equipment.  It uses the latest sensor technology to automatically measure selected weather parameters; processes the weather information; stores (a limited amount of) the data; and disseminates the information to users via ground to air broadcast, telephone dial up, or long line transmission.

Weather data available by way of the AWSS includes:

· Sky condition - cloud height and amount (clear, scattered, broken or overcast)

· Visibility

· Type and intensity for rain, snow, and freezing rain

· Obstructions to vision- fog, haze

· Pressure, altimeter setting

· Ambient temperature

· Wind direction, speed and character - gusts, squalls

· Precipitation accumulation

2.2.2.2 Communications

Additional communication sites (RCAG, RCO, or future satellite-based) may be required as the statewide RNAV infrastructure is established.  Two communications outlets have been installed in Southeast Alaska (Gunnuk Mountain and Mt. Robert Barron) to provide two-way radio communication capability between Anchorage Center and aircraft operating on the newly established low level RNAV routes under Phase II.  The design of the statewide RNAV infrastructure will consider existing communication coverage, and may be limited in altitude due to that coverage, until additional communications can be established.  Capstone will work in partnership with FAA offices in establishing communication requirements and priorities.
See Appendix XXX for a further description of the Alaska communications infrastructure.

2.2.3
Avionics 

Avionics are a key element to Capstone statewide NAS infrastructure.  Avionics equipage will consist of three components: GPS/WAAS, Universal Access Transceiver (UAT) multi-purpose ADS-B datalink, and a multi-function moving map display (MFD) (Figure X).  All aircraft will be equipped with UAT ADS-B certified for ATC surveillance services and air-air ADS-B.  The UAT will be interfaced with a cockpit MFD supporting the display of radar-derived traffic (TIS-B) and NAS status information (FIS-B), as well as terrain and navigation.  The level of MFD will vary with user needs (e.g., IFR vs, VFR).  All IFR aircraft will have TSO-145a/146a certified GPS/WAAS receivers.  There are three levels of customers with varied operational requirements: turbine IFR, VFR/light IFR, and VFR-only.  In partnership with both commercial and general aviation operators, avionics are to be installed in approximately 7,500 IFR and VFR aircraft throughout Alaska.  
[image: image5.png]865 Mz UAT
Top Maum:

W Comm
Ao
Bietrg Com Cabe Audoosdsat U0
Atids Encodae Digtng:
500-0577 2 ComwITHC conractore, 50 426-2009
“TNC Comector s TN Cannector
a e

o e noded for nstalcin,
Usa e i a4 ok 1 arawg.




Figure .  Avionics Block Diagram (change to generic UAT, WAAS, MFD)

See Appendix XXX for a further description of avionics options.
2.2.4
Hybrid Satellite-Ground Based CNS Infrastructure 

A hybrid satellite-ground based infrastructure is essential for parts of the state and nation that are sparsely populated and lack basic power and communications to support ground facilities.  Prototyping and demonstration of such a system is continuing.  Figure x shows a notional architecture.
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Figure x  Notional hybrid satellite-ground based architecture.

3. Strategic Planning 
The Capstone Program in partnership with the Alaska aviation industry is developing a statewide expansion strategy that uses FAA investment resources to deliver new safety enhancing capabilities to all aircraft in Alaska.  Strategy elements include the costs and savings of “trading-in” today’s legacy ground systems once services are being provided with GPS/WAAS and ADS-B (decommission NDBs providing better and more cost effective services with GPS/WAAS avionics, delivering surveillance services without buying radars), costs and savings of improving safety and access (saving lives, increased reliable access), and investing in the airborne elements of the NAS to accelerate transition.   

Capstone will continue to honor basic commitments central to the program.  These include: 

· Implement FAA Flight / Strategic Plan - Alaskan Safety Goal

· Respond to Community Needs

· “Answer the mail” for Alaska Safety Recommendations

· Enhance aviation safety while developing future FAA architecture

· Support International Leadership Goal 

· Address congressional mandates

· Develop and Implement new / emerging technologies

· Deploy “Build some, test some” concept

· Achieve multiple payoffs through a single investment
3.1
Strategy 

Capstone strategy for statewide expansion is a systems approach to NAS modernization that includes both the ground and airborne elements to demonstrate improvements in aviation safety, capacity, and efficiency in Alaska.  Capstone has also initiated a streamlined way of integrating activities needed to implement new technologies and a method of providing answers to technical, operational and cost/benefit questions.  

Traditionally, FAA fields a capability such as ADS-B and WAAS and continues to support legacy systems until sufficient user equipage occurs (“. . .in the fullness of time”) to enable decommissioning.   Maintaining multiple systems is not only expensive but serves to slow operator transition.  After MLS and FANS-1 experience, operators are understandably hesitant to invest in anything where FAA appears to maintain a “retreat path” in lieu of an identifiable and clear “exit strategy” to include decommissioning legacy systems.
A strategic element for Capstone statewide implementation, and as a model for the NAS, is joint FAA/industry investment paths for NAS modernization.  Traditional FAA investment paths include the FAA buying and installing ground systems and aviation infrastructure, and awaiting operators/customers to migrate to new in-cockpit capabilities to utilize these ground systems (“build it and they will come”).  This requires the FAA to support both the legacy system and new systems for long periods of time through slow avionics equipage.  Another traditional investment path has been for the FAA to announce termination plans for the legacy systems, thus being an implied mandate for the customers “equip or lose operation capability”.  This path is not well received by the FAA’s customers.  The preferred “alternative” investment path Capstone will forge is an investment partnership between the FAA, customers, and owners.   Key to this strategy is a combined FAA/customer business case to ensure timely return on FAA investments and enable safer operations in a new Alaskan NAS, providing incentives for in-cockpit capabilities.  In turn, there will also be a clear “exit strategy” that provides a timeline for decommissioning.
The Capstone Program Office, in conjunction with the Alaska aviation industry, identified three elements for Capstone's transition:  1) expand proven technologies statewide, 2) pursue affordable avionics, and 3) prototype and demonstrate hybrid satellite-ground based CNS infrastructure.  Its been realized through Capstone Phase I and II that maximum safety and efficiency benefits are derived from a NAS architecture that integrates the aircraft avionics and the ground systems.  This allows simultaneous modernization of the air and ground systems, and the potential to increase system productivity by use of in-cockpit capabilities.  
Statewide implementation will begin with the proven technologies while continuing to demonstrate future safety enhancing technologies for remote airspace.  It will include the development of a strategy that quickly transforms the Alaskan airspace system to the future operating environment.  The transition has several key elements.

3.1.1
Expand Proven Technologies Statewide
Through efforts in Phases I and II, the ADS-B ground infrastructure and RNAV procedures now have national standards, guidance material, and supportability.  These cost effective proven technologies are now matured for deployment across the State.  Future GBT installations for statewide implementation (16 FY04 sites have been surveyed thus far) will augment Phase I (10 sites) and II (14 initial sites), and initially be at population centers and along high traffic routes to support broadcast and surveillance services.  ADS-B surveillance should cover minimum en route altitudes for IFR, and lower where available to support broadcast services and search and rescue.  A basic premise is that where there is an existing communication site (there are approximately 150 throughout the state), a GBT could be installed to allow traffic surveillance.  New RNAV approach and departure procedures will continue to be developed for approximately 50 airports the industry recommended for upgrade to IFR access.  RNAV airways will also be charted to connect those and other IFR airports in an airport-to-airport RNAV GPS/WAAS based route structure.  Communication facilities and automated weather reporting, as required in support of the RNAV infrastructure, will also be fielded.  Capstone is partnering with other FAA programs (e.g., weather cameras) and State DOT (e.g., airport improvements) to ensure cost effective and coordinated Alaska aviation infrastructure upgrades.  Note that Capstone will continue CNS systems development and prototyping and this may impact future installation decisions.  However, initial deployment of the above proven technologies is commencing to obtain immediate safety and access benefits. 

During Capstone Phases I and II, the FAA provided the avionics and the ground infrastructure needed to take advantage of the services that the new technology provides.  Capstone invested in the development and certification of both the avionics and ground systems following the recommendation of the NTSB in exploring the use of ADS-B.  Improved safety statistics for aircraft equipped with the new avionics has not only validated the envisioned safety benefits, but also resulted in the belief that the future architecture includes both avionics and ground infrastructure.  

3.1.2
Pursue Affordable Avionics
Pursuing affordable avionics includes both creating options for equipage (e.g., VFR and IFR) and a strategy to ensure all aircraft in Alaska are equipped.  To realize full safety and service benefits, equipage must occur in both the aircraft and on the ground.  While Government has not historically funded aircraft equipage, there are economic and operational benefits for the Government to do so.  As a result of Capstone Phase I and II there are safety avionics options available today that were not available 5 years ago.  Capstone Phase III will continue work on avionics development to ensure options are available for portable/handheld and VFR/IFR installed multifunction display (MFDs) that show navigation, terrain, traffic, and weather, and lower cost UATs and WAAS navigators.  Capstone will continue to motivate and contract with multiple manufacturers to ensure a range of choices appropriate to operational needs are available, thus encouraging competition and reducing costs.  

An ongoing dilemma with NAS modernization is the corresponding timing for traditional FAA ground systems and aircraft equipage upgrades.  When safety needs have dictated, Congress and the FAA have mandated the equipage of safety systems in large aircraft (e.g., Traffic Alert and Collision Avoidance System-TCAS, and Terrain Alerting and Warning System-TAWS).  This was at a great financial burden to the airlines, but justified by the increased safety to the flying public.  Capstone has now validated affordable technology, both in avionics and ground systems, which make it possible to bring an increased level of safety to all levels of aviation to include air taxi and general aviation (GA).  In lieu of mandating equipage, innovative strategies to ensure simultaneous ground and airborne system upgrades need to be explored to include shared costs and responsibilities through airborne equipage subsidies offset by cost savings in ground systems.  A premise is that it is more cost effective for government to offer incentives for avionics equipage in NAS modernization than to bear the costs of maintaining the outdated systems.  With full ADS-B equipage, the FAA will be able to provide more efficient and effective services (safer VFR and IFR) to all aircraft (commercial and GA).  For the FAA to realize cost savings from decommissioning outdated ground-based navigation systems (e.g., NDBs and VORs), IFR aircraft require GPS/WAAS.  Lastly, to realize full safety benefits, a cockpit MFD for navigation, terrain, traffic, and flight information awareness needs to be on the aircraft.  These in-cockpit capabilities also enable a migration towards self-enabled flight operations.
It is proposed that the FAA will reimburse aircraft owners with one-time “investment funds” after the purchase and installation of avionics is complete.  Owners will be able to select which level of equipage they desire to purchase, although there will be parameters established to ensure that the aircraft is capable of supporting the level of avionics desired.  In other words, a J-3 cub will not be reimbursed with investment funds if it is equipped with turbine aircraft level avionics.

3.1.3
Prototype and Demonstrate Hybrid Satellite-Ground Based CNS Infrastructure
The third element of Capstone Statewide planning is to continue with development and initial implementation of new and emerging safety enhancing technologies.  Capstone will continue to develop, demonstrate, and certify the use of a hybrid satellite-ground based CNS system in an operational environment.  This includes continuing work to develop satellite-relayed surveillance data and voice communications, implement Wide Area Multilateration for mixed ADS-B/transponder environments, testing surface/vehicle surveillance, and extending ADS-B through the use of 1090 MHz consistent with the FAA link decision.  New FIS-B and TIS-B capabilities will also be developed.  As these technologies mature both operationally and technically, they will be added to the Statewide infrastructure as needed.  

3.1.4
Accelerated NAS Transition
The Capstone preferred “alternative” transition strategy includes an end-to-end strategy, addressing business cases for government and operator alike.  Safety benefits, while real, are intangible, in that beyond insurance, most costs (litigation, lost productivity, etc.) cannot be budgeted for, even though over time safety impact is felt throughout the community.  However, for this reason, consideration is limited to identifiable tangible costs involving the governments cost of operating & maintaining the NAS as well as the operators cost to acquire equipment.   

The value (savings) the government accrues from early operator equipage is directly related to the amount of time required to begin decommissioning.   Each ten years that decommissioning can be moved up, the government will save between $100.0 and $432.9M.    Providing operators with equipage incentives tied to this savings enables an “exit strategy” which includes an identifiable start date for decommissioning.
The economics of this end-to-end architecture works if the addition of new systems is balanced with a reduction in existing legacy systems.  Capstone proposes that the FAA install GBTs and the new GPS/WAAS-based RNAV/RNP routes and pursues an alternative investment strategy to provide incentives for in-cockpit capability.  The result would be that the FAA and operators combined business case would ensure a timely return on the FAA $1.0B WAAS investment and enable safer operations elsewhere in the new Alaskan NAS.  Using this approach, Capstone evaluated the projected cost of maintaining the existing Alaska NDB and VOR infrastructure for the next ten years versus the proposed avionics incentives and determined an estimated savings to the FAA as depicted in Table 3.1.1.  Additional information on this “rough cut” business case can be found in Appendix H.

Table 3.1.1   Capstone Statewide Business Case
	Service provider (FAA) business case:

  -  Current (Legacy) Alaskan NAS
            10 Year cost = $1,012M

  -  New Alaskan NAS


10 Year cost = $579.1M




        

                     $432.9M Savings

	Operator business case: 
 

  -  Current (Legacy) NAS

         No additional cost

              -  New Alaskan NAS

         7,100 aircraft refit = $102.8M Cost


A briefing paper on this accelerated NAS transition can be found in Appendix J.
3.2
Program Activities

Capstone is pursuing approval through the FAA Executive Council and the Joint Resources Council (JRC) for statewide implementation.  The JRC will determine this based on cost, risk, alignment with the NAS Architecture, affordability, and value / benefit to the FAA and aviation community.  The description of what is meant by “statewide” is based on the services that are provided to the user and the corresponding equipage that makes these services possible.  Section 2.1 and Table 2.1 describe the Capstone Segments.  JRC approval will be limited to Segment 1.  Capstone will meet the JRC at a subsequent date on the remaining Segments.

There are different “inputs/outputs” for the implementation and developmental activities.  Required “inputs” to the JRC for the Segment 1 activities include:

· Final requirements document

· Final investment analysis report

· Final acquisition program baseline

· Final acquisition strategy paper and

· Integrated program plan.

The primary “outcome” of statewide implementation is a fully supported operational capability that satisfies requirements, is accepted by the users, and is compatible with other products and services in the field.  The following are typical products of solution implementation that support the fielding of Capstone sponsored technologies:

· Continuously maintained and executed integrated program plan and supporting documents (e.g., risk management plan, In Service Review checklist)

· Contracts that achieve investment objectives (i.e., value, benefits, capability)

· Successful operational test and evaluation

· Successful IOT&E Report 

· In-service decision (ISD), including ISD briefing and action plan

· Waterfall deployment at all sites

· Program reviews and reports (e.g., baseline management / variance tracking; financial, schedule, performance; earned value, risk management)

· Corporate-level reviews.

The ISD is a key program milestone. It authorizes deployment of the solution into the National Airspace System.  The decision is based on thorough testing to verify operational readiness, which encompasses operational effectiveness and operational suitability.  Operational effectiveness measures how well the solution satisfies mission need and operational requirements in the requirements document.  Operational suitability measures how well the infrastructure and associated logistics (e.g., spare parts, training, supply support, manuals and documentation, maintenance and repair) support the solution.  The ISR checklist is a tool used by the service organization to identify, document, and resolve readiness issues before the in-service decision.  The service organization completes all actions necessary for the in-service decision.  This includes operational testing to verify satisfaction of requirements in the requirements document, completion of management actions arising from the ISR checklist and IOT&E report, resolution of union and stakeholder issues, development of the in-service decision briefing and action plan, and pre-briefing to key stakeholders

Each of the required “inputs and outputs” are defined in the Acquisition Management System Policy.  The Final Investment Analysis Report includes architecture assessment, safety, human factors, security, life cycle cost, benefits, business case/economic analysis, integrated logistics, and risk assessment.  The following are brief descriptions of some of these key tasks.

3.2.1
Architecture Assessment

The Investment Analysis will evaluate the technologies that Capstone deploys to ensure they are within the context of the current and planned architecture of the National Airspace System.  

The Capstone Phase III architecture includes new and existing ground, airborne, and space-based systems.  This section describes the optimization and validation of the architecture that will occur prior to an FAA investment decision on Capstone Phase III.  The results of these analyses will identify the supportable services, ground infrastructure (including costs, schedules and maintenance strategies), airborne infrastructure (avionics), existing ground systems that can be decommissioned, and space-based infrastructure.

Services Drive the Architecture

Before an architecture can be defined, the user services must first be identified—this drives the architecture. Section 2 [of the Capstone Phase III Strategic Plan] defines the operational services goals of the Capstone program. Further refinement and detail of the services will be required to adequately define an initial and evolving architecture. Once the services and architecture are defined, the costs, benefits, business model, and tradeoffs of Phase 3 can be determined.  Additional detail on how benefit and business case analyses relate to the architecture are included in subsections 3.2.2.6 and 3.2.2.7.

The Services issues are as follows:

· What services will be provided, where (in 3 dimensions), and by when?

· IFR ATC ADS-B surveillance, Flight monitoring, FIS-B uplink, TIS-B uplink, Search and Rescue, Sat-nav services, improved access

· Which data-link technology(s) will be used and where (i.e., UAT, 1090)?

· What class of users is being serviced and where? GA, Part-135, Part-121?

· Where do the users fly? What services do they need in different areas?

· Is the delivery of services dependent upon other non-Capstone services (e.g., ATC and voice comm.)

· How do the services impact the architecture (cost, schedule, etc.)? 

The detailed statement of the user services should include definitions of multiple levels of service so tradeoff analyses can be performed at the different levels. For example, do ATC ADS-B surveillance services need to be available everywhere in the state or only in areas where surveillance, at certain altitudes, is not currently available? Implementing it everywhere may be too expensive, so another level of service could be defined that would propose ADS-B surveillance only in areas where there is not currently surveillance and where there is significant air traffic. Other scenarios could also be devised based on the various service needs.

Ground

Based on the detailed services definition, the ground architecture will be defined to meet those requirements. If multiple levels of service are defined, then the architecture will also be defined at multiple levels to match.

The Ground issues to be examined are as follows:

· Can the architecture support the service delivery?

· Is it technically viable to deliver the service at a reasonable cost and schedule? Are the services available or what is the “source” of the service?

· Is the technology mature to deliver the service?

· Can infrastructure be installed where the service delivery is required?

· Is there supporting infrastructure (e.g., power, comm.) already there? 

· Should infrastructure be co-sited (collocated) with existing NAS equipment?

· Can infrastructure be installed to meet the service delivery turn-on date?

· How fast can infrastructure be installed?

· How many ground stations are needed to provide the services? Do all ground stations need to provide the exact same level of service?

· How does the maintenance strategy affect the architecture?

Airborne

The new concept is that the aircraft is an active part of the NAS infrastructure, so it must also be considered when designing the architecture. Because this is a new concept, there are many issues and more unknowns in this area.

The Airborne issues to be examined are as follows:

· What exactly does it mean that the “aircraft is part of the NAS”? What services is the aircraft using or supplying?

· If the aircraft is part of the NAS, then who pays for equipping the avionics?

· User, FAA, both?

· What functions are performed in the aircraft and by the rest of the infrastructure? How do limitations in the avionics affect the overall architecture and services?

· Who specifies the avionics requirements?

· Users, avionics manufacturers, FAA?

· What is the tradeoff of cost of avionics, services offered, and amount (cost) of ground infrastructure?

Decommissioning

It is envisioned that with the new capabilities and services to be deployed in Phase 3, some existing NAS infrastructure will be decommissioned. It is thought that the cost of the new capabilities might be partially offset by the cost savings of decommissioning old infrastructure and, at the same time, the new capabilities will offer more services and benefits than the old infrastructure. Decommissioning is a key part of the architecture as the new architecture must be able to provide service at a level better than or equal to the current level of service.


The Decommissioning issues to be examined are as follows:

· What are the new services that will allow decommissioning?

· What exactly would be decommissioned (NAVAIDs, radars, others)?

· What are the current costs of these systems? What would the cost savings be if they were turned off?

· What is the cost to decommission them?

· What would be the time frame to decommission—when would the rest of the architecture be in place offering equal or better service

· How will decommissioning affect avionics equipage?

Evolution Strategy
The envisioned spaced-based component is GPS and WAAS. GPS is used for both the surveillance and nav portion of the system. WAAS enhances the GPS nav functions, resulting in higher availability and new vertically guided approach capability (LPV and LNAV/VNAV).

The evolution issues to be examined are as follows:

· The transition from the current ground-based navigation and surveillance in Alaska to SATNAV-based navigation and ADS-B surveillance introduces a need to consider backup navigation and surveillance strategies to address the potential threat of intentional interference to GPS signals.

· Examine the the FAA’s “Navigation and Landing Transition Strategy develop a extension to the plan for Alaska’s navigation evolution plan

· Identify the current assets for navigation (ILS, VOR, DME, NDB) and surveillance (PSR and SSR) in Alaska and characterize the current and projected operational dependencies on those assets.  It will then identify possible high-level backup strategies with various degrees of dependence on the current infrastructure.

· Identify a strategy with government incentives to equip the entire Alaskan fleet of IFR aircraft with this satnav capability.    The vision is to define the new avionics capabilities in a modular fashion that defines a minimum core capability necessary to achieve the operational goals (to reduce the costs for government incentives), but that also allows users the flexibility to upgrade with additional functionality specifically tailored to their operations.  The modular strategy could also allow this concept eventually to be extended beyond Alaska where operational goals are likely to be different.

3.2.2
Benefits Analysis
Direct benefits are quantified as savings to the FAA in terms of more efficient and effective operations, and to the aviation community in terms of better service.  Direct benefits are quantified to the degree practical in then-year dollars for the annual direct benefits to the FAA and aviation industry that will accrue if this mission need is satisfied.  Direct benefits may accrue from more efficient operations, increased safety, lower operational costs, or other savings. 
Direct benefits also accrue from increased access and predictability of access for flights into the communities served by Alaska aviation.  An important part of these direct benefits comes from enabling IFR operations at lower operational minimums – minimums met by weather conditions more frequently.

Operators taking advantage of this potential for improved access and greater reliability result in the first of several important indirect benefits.  Converting to IFR-capable aircraft and expanding their IFR operations provides a market advantage – more reliable operations.  These changes, induced by Capstone Phase III, enable safety benefits and economic benefits more broadly.  IFR operations show a much lower rate of accidents. Increasing weather tolerant operations saves lives and improves health from the availability of medical evacuation.  Local economies are improved by making transport for goods and services predictable and enabling more reliable and efficient scheduling.
Reductions in accidents, whether as a direct result of Capstone Phase III capabilities or as an indirect result of changes induced by Capstone, have significant further indirect benefits.  These include reducing costs for search and rescue, and perhaps, reductions in insurance premiums paid by operators (and indirectly, by their customers).

The direct and indirect benefits that are possible from Capstone Phase III will differ with different possible selections of services, with geographic coverage, and with the fraction of commercial or GA aircraft that fail to be sufficiently motivated to equip and train.  In the definition phase of program planning, these differences are used to guide the balance of services and coverage, the balance of investment between ground and air, and trade-offs between architecture alternatives.  In the validation phase of program planning, to support an investment decision, direct and indirect benefits are tallied for the program as its details have come to be defined.  Both phases of benefits analysis will include the items listed below:

· Reductions in accidents by direct effect of Phase III capabilities, and reductions in accidents by indirect effects on operations, fleet-mix, fleet capability, and other changes that will be induced by Capstone phase III in the Alaskan aviation market.  Reductions in loss of life, injuries, loss of property and use of property associated with these accidents.  Reductions in the cost of search and rescue due to reductions in the number of accidents.  Reductions in insurance costs following reductions in accident rates.

· Increased access to Alaskan airports as a direct effect of new Phase III instrument approaches and lower altitude (instrument) routes.  Reductions in diversions and incomplete flights.  Improved availability and reliability of flights from changes in the Alaskan aviation market that are induced by Capstone.  Economic, health, and quality of life benefits to communities served by these flights.

· Reduced time required during search and rescue as a result of accurate surveillance.

· Increased utilization of aircraft due to improved scheduling that is made possible by improved predictability of operations and (for commercial operators) by fleet tracking through operator flight monitoring.

· Decreased service, maintenance, and technology refresh costs for any systems that are no loner required as a result of Capstone Phase III.

· Improved efficiency and controller productivity resulting from ATC surveillance services using ADS-B in non-radar airspace.

· Improved efficiency and flight service specialist productivity as result of improved situational awareness from flight monitoring

· Improved efficiency and capacity from improved ATCT situational awareness from using ADS-B “brite” displays.

3.2.3
Business Case/Economic Analysis

Sections 1 and 2 of this document provide an overview of Capstone Phase III’s architecture, services and capabilities.  Between now and the FAA investment decision, details of Capstone Phase III will be refined by analyzing and validating trade-offs between the benefits and cost of particular capabilities, locations, qualities of service, the way these are provided, to whom, and when.  In this defining and refining process, architecture, benefits and business case are highly interdependent.  The architecture is guided to maximize benefits by selecting services, capabilities, locations, times, and quality of delivery that do the most good for aviation providers and consumers.  The architecture is also guided to minimize costs by using cost-effective technologies and avoiding investment in (or continued maintenance of) infrastructure when and where it is less important for benefits.

In this subsection, analyses to provide guidance in defining services and architecture are synopsized first.  Analyses to validate the cost effectiveness of the resulting Capstone Phase III program and it’s architecture are synopsized second.

Cost/Benefit Guidance to Architecture and Program Definition
· What are the benefits of providing services and capabilities to different geographic areas and altitudes?  This must consider the needs of different classes of VFR and IFR users, where they fly, and the synergies and trade-offs between services and capabilities in enabling safe and reliable operations.  Services and capabilities considered must include IFR ATC with ADS-B/UAT, ADS-B/1090, and existing radar surveillance; new or existing voice communications; operator, FSS, and ATC flight monitoring; FIS-B up-link of weather and other products;  TIS-B up-link and ADS-B traffic awareness air-to-air; GPS, GPS-WAAS and existing VOR and NDB enabled instrument approaches; AWSS, weather-camera, existing AWOS, and human weather observation; and airfield characteristics and infrastructure.

· What differences in capability and service quality requirements exist between different geographic areas and altitudes, and are these significant opportunities for cost savings?  This must include examining the increase in redundancy of coverage at higher altitudes and whether this redundancy allows reduction in availability requirements for some ground sites.

· What are the new and existing infrastructure and labor costs of providing services to different geographic areas and altitudes?  This must consider the cost synergies of co-located infrastructure, differences in cost between alternative technical and operational means of service, and differences in capability or service quality or maintenance response required by different locations.

Together these analyses will create a clearly defined statement of user services and their requirements which drive the architecture.  Equally important, a good trade-off between funding levels for ground-based (FAA infrastructure) and airborne components (aircraft avionics) must be determined.  A good trade-off will be one which maximizes overall benefits for limited cost.  This task will identify a strategy with government incentives to equip the entire Alaskan fleet of IFR and VFR aircraft.  This will not only bring the safety and operational benefits to the user community sooner, but will also allow earlier government savings from possible reductions of the ground-based navigation and surveillance infrastructure.  The vision is to define the new avionics capabilities in a modular fashion that defines a minimum core capability necessary to achieve the operational goals, but that also allows users the flexibility to upgrade with additional functionality specifically tailored to their operations.  The modular strategy could also allow this concept eventually to be extended beyond Alaska where operational goals may be different.

The cost effectiveness of the architecture will be validated against the benefits of these services and the cost of meeting their requirements.

Cost/Benefit Validation of Program Benefits and Costs

The cost effectiveness of the Capstone Phase III program will be validated by comparing the value of projected direct and indirect benefits and cost avoidance of the program against the total costs of implementing the program.  This validation will take place only after suitable tradeoffs have been made to establish the details and specifics of the program, services, and architecture.  Of particular importance in this validation will be the careful weighing of indirect benefits, including improvements to the lives of Alaskans and to the Alaskan economy.  Credit may also be assigned to Capstone Phase III for its value as a laboratory and prototype for aviation modernization that will lead to larger benefits and cost avoidance for the NAS as a whole.

3.2.4
Risk Assessment

Risk management is applied throughout the lifecycle management process to identify and mitigate risks associated with achieving FAA goals and objectives. Each line of business shall institute risk management processes that: (1) identify and assess risk areas; (2) develop and execute risk mitigation or elimination strategies; (3) track and evaluate mitigation efforts; and (4) continue mitigation activity until risk is eliminated or its consequences reduced to acceptable levels.
There are several factors that contribute to Program risks for Capstone Phase III.  These include: technical; financial; procedural; and public policy/political elements.

Technical Factors

The basic technologies for Capstone are available and relatively mature.  Avionics standards are in place and spectrum is reserved for UAT.  However, there are some outstanding issues involving alternatives for the ADS-B ground-based data link infrastructure, such as the use of Iridium or other satellite links.  Failure to identify, evaluate, test and deploy non-terrestrial ADS-B link alternatives might be a barrier to statewide coverage in many remote areas where a ground-based infrastructure is infeasible.

Another technical risk factor lies in the area of a backup infrastructure for GPS.  Analyses have to be performed and conclusions reached about the extent of backup that is required, and procedural workarounds (or limiting services) for cases where no backup will be available.

Financial Factors

One of the possible barriers to full deployment throughout Alaska is the lack of avionics vendor diversity.  This contributes to two problems.  First, the presence of only one or two vendors will likely result in higher initial costs for avionics suites, and will protract the process of cost reduction as production numbers increase.  This is a critical issue, since about 7,500 airplanes will have to be equipped, and cost will definitely be a constraint.  Second, there is a risk associated with the chance that only one or two vendors could decide to stop building the systems (or fail financially).

Another important financial factor is the arrangement under which Alaskans acquire their avionics.  Alternatives need to be evaluated, including subsidizing avionics purchases with public funds.  Since statewide coverage will really exist only when all airplanes are equipped to take advantage of the system, appropriate incentives to equip have to be identified and implemented as appropriate.

Procedural Factors
One of the principal benefits of a statewide Capstone deployment will be the ubiquitous availability of surveillance services, user flight monitoring and search-and-rescue support.  One challenge will be the timely development of new automation interfaces (with attendant union issues).  Another will be the definition and implementation of new ATC and pilot procedures that will be enabled by the existence of statewide surveillance.  An additional factor that will have to be examined is the impact that a statewide surveillance system could have on traffic density and routing, as well as the ratio of IFR to VFR operations.  These factors could affect controller workload, though perhaps in a beneficial direction.

Public Policy/Political Factors

The successful deployment of Capstone Phase III will challenge many long-held positions regarding the relationship between the Public and Private Sectors.  As mentioned above, one of the first decisions that has to be made is the feasibility of providing avionics incentives using public funding.  The success of Capstone Phase III is utterly dependent on equipage, so this issue needs to be resolved early.  If incentives are not possible, then alternatives need to be evaluated quickly and their impact on equipage must be determined.

Other political factors include maintaining Capstone’s (and Alaska’s) priorities with respect to tight Federal Budgets, supported by the demonstrated, publicized benefits that can be credited to Capstone.  A related public policy factor is liability, which could easily constrain the number of vendors who get into the avionics business for Capstone.  Last, but not least, the effect of union (NATCA and PASS) and individual FAA lines of business concerns have to be dealt with, before, not after, the fact.

3.3 
Schedule and Budget

3.3.1
Schedule

Table x provides a highlevel breakout of GBTs, AWSSs, WAM, and communications as further discussed in the RPD, CIP, and JRC documents.  See those documents for more detail.  Note this plan is linked to the FAA’s budget requests for 2005-2008 and is dependent on a successful JRC process to establish O&M funding and coordination with Alaskan Region ANI for installation, AF for maintenance, and Air Traffic for acceptance of commissioned system in to operations.  Coordinated action plans with each of those lines of business will be created and updated on a yearly basis, based on actual funding and resources.

Table x.  GBT, AWSS, WAM, Comm Schedule

	
	2005
	2006
	2007
	2008
	2009
	Total

	GBT Purchased
	38
	28
	31
	 
	
	97

	GBT Installed/Commissioned
	16
	20
	20
	20
	21
	97

	
	
	
	
	
	
	

	AWSS Purchased
	10
	9
	8
	
	
	27

	AWSS Installed/Commissioned
	
	10
	9
	8
	
	27

	
	
	
	
	
	
	

	WAM Purchased
	
	1
	1
	1
	
	3

	WAM Installed/Commissioned
	
	
	1
	1
	1
	3

	
	
	
	
	
	
	

	Comm Purchased
	1
	
	
	
	
	1

	Comm Installed/Commissioned
	
	1
	
	
	
	1


Appendix XXX contains the locations for planned installations.

Phase I and II avionics equipage will continue as planned, and it is anticipated that Statewide equipage will begin in FY-05.  Statewide equipage is highly dependent on budget approval and industry coordination.  Another factor will be avionics installation capacity within Alaska.  The desire is for a 70% statewide equipage level by FY-08 – which should cover all the high-utilization aircraft.

3.3.2 Budget

Table x shows the latest RPD spreadsheet statewide lifecycle costs for both F&E and O&M.  These values will be revised as appropriate through the JRC process. 

Table x.  FY-05 thru FY-27 Statewide Life Cycle Costs

	
	FY 2005
	FY 2006
	FY 2007
	FY 2008
	FY 2009
	FY 2010
	FY 2011

	Total Life Cycle Cost
	$16,842.2
	$27,696.0
	$27,764.5
	$20,461.8
	$13,975.0
	$14,251.8
	$18,205.0

	F&E 
	$16,299.5
	$24,361.6
	$23,877.3
	$14,258.8
	$5,824.8
	$4,007.1
	$7,248.9

	O&M
	$542.7
	$3,334.4
	$3,887.2
	$6,203.0
	$8,150.2
	$10,244.7
	$10,956.1

	
	
	
	
	
	
	
	

	
	FY 2012
	FY 2013
	FY 2014
	FY 2015
	FY 2016
	FY 2017
	FY 2018

	Total Life Cycle Cost
	$11,337.7
	$11,613.9
	$11,912.7
	$12,189.9
	$12,490.1
	$20,485.6
	$13,116.2

	F&E 
	$115.1
	$117.6
	$134.8
	$122.5
	$125.1
	$7,814.6
	$130.4

	O&M
	$11,222.5
	$11,496.4
	$11,777.9
	$12,067.3
	$12,364.9
	$12,671.0
	$12,985.8

	
	
	
	
	
	
	
	

	
	FY 2019
	FY 2020
	FY 2021
	FY 2022
	FY 2023
	FY 2024
	FY 2025

	Total Life Cycle Cost
	$13,442.9
	$13,790.0
	$14,124.6
	$14,650.1
	$22,876.7
	$15,091.8
	$16,773.6

	F&E 
	$133.2
	$147.1
	$138.8
	$311.4
	$8,390.9
	$737.2
	$2,820.2

	O&M
	$13,309.7
	$13,642.9
	$13,985.8
	$14,338.7
	$14,485.8
	$14,354.6
	$13,953.4

	
	
	
	
	
	
	
	

	
	FY 2026
	FY 2027
	
	Total
	
	
	

	Total Life Cycle Cost
	$12,018.3
	$8,066.7
	
	$365,292.8
	
	
	

	F&E 
	$2,181.2
	$1,891.8
	
	$123,145.4
	
	
	

	O&M
	$9,837.1
	$6,175.0
	
	$242,147.4
	
	
	


In addition to the above ground infrastructure costs, it is anticipated that $25M a year over 4 years (FY-05 thru FY-08) is required for avionics equipage of 7500 aircraft.  This is a one time F&E cost with no associated life cycle O&M.  This money will be used for avionics equipage incentives and is distributed to an aircraft owner/operator once they show proof of equipage meeting FAA requirements.  Appendix x gives additional detail on avionics cost determination and incentives.

4. Success Criteria

4.1
Alaska Statewide Implementation FY-08 Milestone

Improvement in aviation safety and access is the primary output expected by installing and implementing the avionics and ground infrastructure statewide.  Accelerating NAS modernization while in a constrained economic environment requires planning and expectations to be realistic.  So while increasing access to village airports and providing services as noted in Section 2.1, Alaska also realizes the need to let go of the legacy systems to achieve cost savings.  These steps are taken with full support of the Alaska aviation industry and will:
· Proliferate statewide ADS-B (and related broadcast services) and WAAS performance based navigation for a usable IFR infrastructure, and

· Minimize the costs for equipage, utilizing federal savings to invest in user equipage.

Benefits are expected to the FAA, operators, and communities as depicted in Table XXX.

Table x.  Anticipated Benefits per FAA, Customer/Operator, and Community
	FAA

	· Ability to provide better information and service to aircraft with improved safety and efficiency (e.g., search and rescue, separation services, efficient clearances) through improved communications (voice and broadcast information), RNAV route structure flexibility, and increased surveillance

· FAA F&E and O&M cost reduction (from current aviation infrastructure) to provide and maintain air traffic control and navigation services (e.g., decommission NDBs)

· Cost effective and technologically feasible means of meeting unfulfilled service requirements (e.g., radar coverage in Bethel, Yakutat, Juneau)

· Model future NAS as a risk reduction in system development and implementation, and to provide international leadership

	Customer/Operator

	· Safer flights through better flight information and pilot decision making capability

· More efficient and safer operations through operator flight monitoring

· Better on-time-arrival schedule and fuel-savings via increased access and Air Traffic services

· Reduced insurance costs, and increased opportunity for contracts and passenger preference based on safety equipage

	Community

	· Enhanced quality of life through essential medivac and emergency air services

· Communities economic growth and development through improved aviation transportation infrastructure (e.g., improved cargo and passenger service)

· Increased confidence in the aviation transportation infrastructure (e.g., safety, schedule, reaching planned destination)


In addition to improving aviation safety and access, Capstone will have initiated a streamlined way of integrating activities needed to implement new technologies and a method of providing answers to technical, operational and cost/benefit questions.  This includes: 
· Stimulating new technology avionics and ground system manufacturing; 
· Reducing dependency on legacy ground-based navigation and surveillance systems and begin decommissioning; 
· Validating procedures and training for pilots, inspectors, controllers, and technicians; 
· Continued fostering of government/industry partnerships, 
· Establishing joint efforts among FAA offices for most efficient utilization of FAA resources and a systems approach to NAS modernization
· Develop and validate a joint FAA/customer business case model – transferable to NAS
· Cost savings by divesting in ground based infrastructure and replacing with technology that is less expensive to install and maintain.  

· Substitute new technology for old – reduce maintenance costs while increasing reliability
· Enables modeling and safety analysis with new NAS technologies

· Validate benefits such as: 

· Surveillance in non-radar airspace increases safety and results in more efficient traffic flow

· Weather and traffic information supplied to the flight deck improves situational awareness
· GPS/WAAS enabled RNAV/RNP allowing route design free of DME and other ground-based navigation aid service volume limitations.

· Reduce unit cost and redistribute functionality

· Migrates towards “self-enabled” flight operations in selected airspace

· Single investment with multiple, recurring benefits

· Demonstrate international leadership by example
4.2
Transition to NAS Implementation

Transition to the NAS for systems that Capstone provides is based on funding availability as addressed in Section 3.3.2.  Various Alaskan Region lines of business will need to participate in the Acquisition Management System (AMS) planning as described in Section 3.2 in order to successfully portray and defend the Capstone implementation.

Figure x depicts the general capabilities for Capstone and what is “inside” Capstone initial statewide implementation and what is beyond.  Capstone provides program-funding wedges for future year implementation, so that there is no gap between the Capstone technology demonstrations, the continued operation at the demonstration locations, and further implementation.  All of the technologies that Capstone provides for statewide implementation will be developed to meet NAS standards. 


[image: image7]
Figure 5x Capstone Initial Implementation
The Alaskan Region and Capstone will work with FAA national offices so matured Capstone systems can begin a transition to other parts of the NAS.  Both ground and airborne equipment will be certified and NAS supported for national deployment.  Capstone statewide implementation can be a model for the future NAS, and can provide answers to technical, operational, and cost/benefit questions that enable the FAA and industry decision-makers to make future CNS technology implementation choices.

Appendix A:  ACRONYMS

AAL



FAA Alaskan Region

ADS-B


Automatic Dependent Surveillance-Broadcast

ARTCC


Air Route Traffic Control Center

AWOS



Automated Weather Observing System

CCCS



Capstone Communications Control Server

CNS



Communications, Navigation and Surveillance

CPO



Capstone Program Office 
FIS-B



Flight Information Services-Broadcast

GBT



Ground based transceivers
GPS



Global Positioning System

IFR



Instrument Flight Rules

MFD



Multiple Function Display 
MEARTS


Micro-En Route Automated Radar Tracking System

MOCA


Minimum Obstacle Clearance Altitudes

NAS



National Airspace System

NAVAID


Navigational Aid

NTSB



National Transportation Safety Board 
STC



Supplemental Type Certificate 

TIS-B



Traffic Information Services-Broadcast

UAA



University of Alaska, Anchorage

UAT



Universal Access Transceiver

VFR



Visual Flight Rules

WAAS



Wide Area Augmentation System

ZAN



Anchorage ARTCC
Appendix B: Industry Guidance
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March 29, 2004

	Alaska Aviation Coordination Council


John Hallinan, Capstone Project Manager

Federal Aviation Administration

801 B St. Ste 300

Anchorage, AK 99501

Dear Mr. Hallinan:

The Alaska Aviation Coordination Council is comprised of representatives of the major aviation organizations active in Alaska.  The Council has worked with the FAA on the development of the Capstone Program since its inception, and is appreciative of the progress that has been made to date.  As we continue to monitor the initial program implementation in south west and south east Alaska, we have turned our attention to the next steps we believe the program should take.  

The Council is pleased to see that elements of the initial Capstone Program that have been subjected to the operational environment in southwest Alaska are now being deployed to other parts of the United States.  As the FAA plans the next phase of the Capstone Program to increase safety and efficiency, we believe that there are three priorities that should be addressed:

1. Prototype and demonstrate a hybrid satellite-ground based infrastructure for communication, navigation and surveillance.  This is essential for parts of the state and nation that are sparsely populated and lack the basic power and communications grid to support ground based facilities.  

2. Pursue the development of affordable equipment so that aircraft owners will have a range of choices appropriate to their operational needs, whether they operate under VFR or IFR.  This should help stimulate the self equipage needed to make the migration to new technology a success for the entire spectrum of operators using the airspace.  

3. Expand those technologies that have been proven on a statewide basis, where possible, to continue upgrading the Alaska aviation infrastructure.  

Attached to this letter is a more detailed document which provides some additional information for each of these three priorities.  We thank the FAA for considering our input to this program, and look forward to working with you to make it a reality.

Sincerely,

Felix Maguire, Chair

Attachment

	cc. 
	Marion Blakey, FAA Administrator
	Senator Murkowski

	
	Pat Poe, FAA Regional Administrator
	Congressman Young

	
	Senator Stevens
	


Alaska Aviation Coordination Council - PO Box 241185, Anchorage, AK 99524-1185

felixmaguire@yahoo.com  TEL: 907-245-1251   FAX:  907-245-1259

Alaska Aviation Coordination Council

Input to the FAA regarding the next phase of the Capstone Program in Alaska.

The AACC appreciates the work of the FAA to improve the safety and efficiency to Alaskan aviation infrastructure through the Capstone Program, while prototyping capabilities for the nation. 

Phase I accomplished the initial operational implementation to selected aircraft in southwest Alaska, and the ground infrastructure to demonstrate the benefits of ADS-B and GPS technologies for navigation, surveillance and delivery of graphic data to the cockpit. 

Phase II, in Southeast Alaska is creating a more usable IFR infrastructure, with lower enroute altitudes and terminal radar services, using space based navigation and data links.  Capstone Phase II is also expanding equipage to include a more sophisticated avionics.

The AACC appreciates that throughout the Capstone Program, FAA has worked closely with the user community through the Capstone Industry Council, to provide feedback and address issues surfaced on any aspect of the project.  

The priorities the AACC sees for the next phase of the Capstone Program in Alaska are:

1) Develop, demonstrate and certify the use of a hybrid satellite-ground based communication, navigation and surveillance system in an operational environment, supporting IFR operations.  

a. Focus efforts on the northern tier region of Alaska from the North Slope to the interior, including the Seward Peninsula, where the cost/benefit of ground versus space based communication may be readily evaluated. 

b. Include an operational demonstration of voice communication via satellite to explore the maximum capabilities of the satellite system in an Air Traffic Control environment.

2) Aggressively pursue affordable equipage options for all Alaskan operators engaged in VFR and IFR operations

a. Focus on expansion of the basic UAT system that will enable a broad range of benefits including improvement of situational awareness in the cockpit, flight following and delivery of in-flight weather.

b. Promote and enable broader, voluntary equipage based on demonstration of affordable equipment for VFR operations to supplement the Phase I and Phase II equipment options.

c. Stimulate development by industry of hand-held or portable equipment by developing non-proprietary standards.  

3) Expand proven new technology capabilities where possible on a statewide basis.

a. When technically feasible, use WAAS/GPS navigation capabilities to develop a more usable IFR infrastructure with lower MEA’s and more direct routes.

b. Install WAAS/GPS approaches with vertical guidance that has minimums of at least 300 feet and ¾ mile visibility.  Airports selected should be based on the need for improved community access, including medivac services, when compared to conventional ground based navigation aides.

i. Develop and implement a strategy to upgrade the airports to current precision approach standards in support of quality WAAS/GPS VNAV approaches (300 feet DA and ¾ mile visibility). 

ii. Activate an obstacle mitigation task force to identify and remove obstructions (trees, buildings, radio towers etc.), which significantly impact instrument approach minimums.

c. Install appropriate automated weather sensors, weather cameras, and other elements needed to support IFR and VFR infrastructure.  

March 29, 2004

Appendix C: Capstone Service Descriptions 
· Weather and Other Information to the Cockpit.  This enhancement uses the data link to receive current and forecasted weather, weather-related information, and other information.  The information will be displayed in text and graphics to the pilot.

· Cost Effective CFIT Avoidance.  This enhancement increases the pilot's situational awareness by providing a cost/effective terrain and obstacle database and integrated display in the cockpit.  With additional navigation equipment access can be increased to terrain constrained low altitude airspace.

· Improved Terminal Operations in Low Visibility.  Capstone is improving low visibility terminal operations by installing AWOS facilities and GPS approaches in remote village airports.  With the use of ADS-B and corresponding procedures, SVFR operations may also be improved.

· Enhanced See and Avoid.  This enhancement provides traffic information, electronically, to the cockpit using ADS-B, cockpit traffic displays, and TIS-B.  This will enable the pilot to maintain situational awareness of surrounding traffic. 

· Enhanced En Route Air-to-Air Operations.  This enhancement provides an on-board traffic/navigation display and ADS-B for flight path adjustments beyond visual range while pilots are operating VFR and IFR.
· Improved Surface Surveillance and Navigation for the Pilot.  This enhancement provides pilots and the operators of equipped vehicles on the airport surface a display with a moving map of other traffic, resulting in safer and more efficient surface operations.  Also, aircraft are able to taxi using augmented GPS navigation and maps.
· Enhanced Airport Surface Surveillance for the Controller.  This enhancement equips the aircraft and ground vehicles in the airport movement area with ADS-B using augmented GPS-derived positions.  The local and ground controllers in the tower monitor the position and speeds of the traffic in the movement area.

· ADS-B Surveillance in Non-Radar Airspace.  This enhancement uses ADS-B to provide additional surveillance coverage and fill gaps in today’s radar coverage.  ATC, operators/dispatchers, and potentially the Automated Flight Service Stations (AFSS) use this information.

· ADS-B Surveillance in Radar Airspace.  Current automation is limited in providing benefits to users based on existing radar accuracy, update rate, and available information.  This enhancement integrates ADS-B data with radar and ATC automation systems to improve capabilities and to achieve or reduce today’s separation standards.
· Enhanced Search and Rescue.  This enhancement provides ATC and operators a constant display of aircraft position that can be used to locate an aircraft in case of aircraft emergency.
· Operator Flight Monitoring.  This enhancement provides operators a presentation of their aircraft location.  This enhances radio communications as the only other means of tracking aircraft location.
· Lower IFR Routes.  GPS is now approved in Alaska as “the only means” of navigation.  This provides published airways to be published based on where pilots want to fly versus locations limited by ground based NAVAIDs.
· Improved Voice Communication Coverage.  Additional ATC/pilot voice communications is provided along the lower IFR routes.

Appendix D: Architecture
Figure D-1 shows the Alaska Statewide infrastructure block diagram.
Figure D-1.  Capstone Statewide Infrastructure Block Diagram 


[image: image12]
Ground System

The target high-level Capstone architecture is depicted in Figure D-2 and described in four segments: A) Displays for Air Traffic and Flight Services, B) Automation and Anchorage ARTCC, C) Remote Site and Airborne Configuration, and D) new voice radio communications.  As new capabilities are explored and matured in SE Alaska, this architecture will evolve to include those elements.  Architecture implications for SE Alaska are discussed at the end of this section.  The weather observation equipment (AWOS III/AWSS) is not depicted in this architecture figure but is explained later in this section.
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Figure D-2. Target End-End Capstone Data Link Architecture

Segment A is located as shown and provides critical tools for providing Air Traffic Services and Flight Services to aircraft.

Segment B at Anchorage ARTCC and consists of the two major components.  One is the ATC automation system known as MicroEARTS that incorporates ADS-B and radar data into its track processing.  The second is known as the Capstone Communications and Control Server (CCCS) and performs the following main functions:

· Provides a multiplexing function for all traffic to and from the remote GBT, allowing multiple ground system applications access to each GBT with a single circuit connection.  This multiplexing function is shown as the “Core Switch” in the Figures of Section 3.1.1

· Provides formatting, filtering and prioritization for all uplink message traffic to the GBT (FIS-B and TIS-B).  This is shown as the “GBT Host” in the Figures of  Section 3.1.1

· On an interim basis, the CCCS will also support a rudimentary Remote Maintenance Monitoring (RMM) user interface for use by the Maintenance Control Center (MCC) operators at Anchorage ARTCC (ZAN).

· Provides the application level support for FIS-B and TIS-B.
Segment C, remote site, includes the telecommunications link to the remote sites and the GBTs.  The communication link can be provided by the ANICS or leased, long-haul commercial service.  The GBTs capture the ADS-B data from appropriately equipped aircraft, and broadcast FIS-B/TIS-B data to the airborne segment.  There are two GBTs (main and standby) at each site, each acts as a monitoring “parrot” for the other and as active backups.

Segment C, airborne segment.  The airborne UAT broadcasts the ADS-B data to the ground-based and airborne receivers.  The UAT receives ADS-B data from the other aircraft UATs as well as FIS-B and TIS-B information from the GBTs.  A MFD integrates and presents this data in a format usable by the flight crew. 

Segment D, supplemental voice radio communications. This segment provides additional, new RCAG sites which are essential for line-of-sight voice communications with ATC on airways below the current MEAs. Additional RCOs will be provided for better communications with Flight Service.

ZAN Configuration

Figure D-s shows the ZAN configuration in a final configuration.  This configuration provides the most streamlined overall hardware architecture.  It also assumes the Core Switch component of the CCCS has achieved an adequately level of certification and maintainability since it is in the MEARTS surveillance path.  In this phase it is assumed that all uplink server functions are also mature and included in the ZAN Operational Network; these services no longer have to rely on Capstone maintenance.  This represents the “NAS deployable” configuration applicable in later phases of NAS deployment.
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Figure D-3. Final ZAN Configuration

Ground Based Transceivers (GBTs)

The GBT is another element of Capstone that has evolved to a NAS standard.  This evolution will also be of benefit to later phases of NAS deployment.  Below is a listing of the major developments in the NAS-compliant GBT:

a) Support for ADS-B downlink, FIS-B uplink and status reporting (current capability)

b) All functions in a) above plus remote configuration commands and reporting (now being implemented)

c) Specification of a “second generation” GBT ground side interface which includes:

· Simplify internal GBT logic

· Support a configurable ADS-B reporting filter 

· Better align ground interface data elements with RTCA data link standards

· Increase bandwidth efficiency on ground circuits

· Establishes common GBT interface for Capstone and Safe Flight 21 Ohio River Valley use

· Include RMM capability

· Basis for NAS GBT specification and Operational Support Service (AOS) software certification

· An RTCA UAT Minimum Operational Performance Specification (MOPS) compliant interface with a “place holder’ for a 1090ES interface.

Appendix E: Communication Infrastructure 

Current (FY-04) RCAG Comm 6K ft

Requirement – comm. at IFR altitudes
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Appendix F: Navigation Infrastructure 
Notional RNAV Routes
Requirement:  Lowest possibly IFR MEAs and approach/departure minimums
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Appendix G: Surveillance and Broadcast Services Infrastructure 
GBT Coverage at 5000 Ft (Phase I, Phase II, and potential initial Phase III)
Requirement:  500 ft below MEAs and to Missed Approach Point
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Appendix H: “Rough Cut” Business Case
THE BUSINESS CASE:  Although many costs associated with the legacy NAS are unknown, only a few data points are required to support the rational for establishing financial incentives leading to a clear “exit strategy.”

“Rough cut” FAA business case:

Current (Legacy) NAS in Alaska – 











Per year
10 years
Safety:  29 aviation fatalities in in Alaska 2003
$91.2M
$912.0M

Infrastructure:  Alaska’s 40 VORs & 80 NDBs

  10.0

  100.0M









Total $1,012.0M

New NAS in Alaska – 
Safety: 18 aviation fatalities/year


$50.4M
$504.0M

Infrastructure:




– Convert Airways to “Q” routes



      0.6



– Establish ADS-B Ground System



    38.0



– O&M for ADS-B Ground system



    36.5









Total    $579.1M

Resultant 10 year partial* savings
$432.9M*

* The savings projection does not include the return gained on previous WAAS investment and other benefits associated with system reliability. 

An alternative path involves consideration of both the government business case and that of the operators.

“Rough cut” Operator business case:

– Current (Legacy) NAS in Alaska 

–
No additional cost

 

– New NAS in Alaska 


– 
*

* Breakdown

Equipment – 

WAAS – $8,500 / ADS-B – $6,500 / MFD – $5,000, Portable display – $1,500

Fleet – 

   7,500 aircraft registered in AK

   1,200 Inactive



No equippage
      800 Turbine, ME, IFR

Dual WAAS, MFD, ADS-B

28,500 / each

   3,000 VFR / “light” IFR

Single WAAS, MFD, ADS-B

20,000 / each

   2,500 VFR only


Portable display, ADS-B

  8,000 / each

* Extension – Air fleet investment

– 

$102.8M* COST / 4 years

* Cost projection does not include installation, aircraft down time, or pilot training on new systems.

Appendix I: GBT, AWSS, Multilateration, RCAG
Proposed Locations
Potential GBT Locations, based on existing RCO and RCAG communication sites
	Adak
	Gulkana
	Galbraith Lk
	Valdez
	Williams Mtn

	Cold Bay
	Healy
	Oliktok
	Woody Is
	Wrangell

	Dutch Harbor
	Huslia
	Point Hope
	Alsek River
	Yakutat

	Eareckson
	Indian Mt
	Point Lay
	Angoon
	Anchorage

	Nelson Lagoon
	Kaaruk
	Wainwright
	Annette
	Anchorage

	Port Heiden
	Knob Ridge
	White Hills
	Biorka Is
	Anvik

	Sand Pt
	Kotzebue
	Akhiok
	Boca Dequadra
	Emmonak

	St George
	Mckinley Park
	Big Lake
	Cape Yakataga
	Gambell

	St Paul Is
	Mentasta
	Homer
	Duncan Canal
	Hooper Bay

	Ambler
	Minchumina
	Johnstone Pt
	Finger Mt
	Iliamna

	Bettles
	Mt Fairplay
	Karluk
	High Mt
	Kipnuk

	Big Delta
	Murphy Dome
	Kemuk Mt.
	Hoonah
	Kivalina

	Black Rapids
	Noatak
	Kenai
	Kake
	Koyuk

	Buckland
	North Nenana
	Middleton Is
	Ketchikan
	Lake Clark E

	Cantwell
	Northway
	Naked Island
	Klawock
	Lake Clark W

	Clem Mt
	Savoonga
	Nikishka
	Kruzof
	Mcgrath

	Cold Foot
	Selawik
	Old Harbor
	Kuiu Is
	Mekoryuk

	Darby Point
	Summit
	Palmer
	Level Is
	Newton Peak

	Eagle
	Talkeetna
	Pillar Mt
	Mt Eyak
	Nome

	Eielson
	Tanana
	Potato Pt
	Mt Fanshaw
	Platinum

	Farewell
	Tok Junction
	Quinhagak
	Petersburg
	Shishmaref

	Fish
	Atigun
	Seward
	Ratz Mountain
	Tin City

	Frozen Calf
	Barrow
	Soldotna
	Robert Barron
	Togiak

	Ft Yukon
	Barter Island
	Stuck
	Sitka
	

	Galena
	Cape Lisburne
	Tahneta
	Skagway
	

	Granite Mt
	Deadhorse
	Thompson Pass
	Sunny Hay Mt
	


Proposed AWSS Locations, based on industry/FAA identified airports for IFR upgrade
	Palmer
	Kwigillingok
	Wales
	Chalkyitsik

	Tok
	Marshall
	New Golovan
	Akhoi

	King Cove 
	Teller
	New Deering
	Nelson Logoon

	Chevak
	Shungak
	Egegik
	Iguigig

	Tooksok
	Non Dalton
	Chignik
	Cold Foot

	New Stuyahok
	Kaltag
	Artic Village
	Willow

	Manakotak
	Ruby
	Nikolai
	New Wasilla

	Kiana
	Allakaket
	Atka
	Nuiqsut

	Kivalina
	Pt. Lay
	Beaver
	

	Nulato
	Kokhanok
	Perryville
	


Wide Area Multilateration Locations, based on towered airports with potential mixed equipage environments
	Bethel

	Fairbanks

	Anchorage


Comm Site location, based on development of RNAV route structure
	Cape Spenser


Appendix J: Accelerated NAS Transition Briefing Paper
Capstone Program

Alaskan Region
·   Accelerated NAS Transition   ·     FY05 to FY08

GOAL:
Reduce dependency and begin decommissioning the traditional ground based system of VORs and NDBs in Alaska by FY08.

BACKGROUND:
FAA’s Flight (Strategic) Plan calls for Capstone technologies / capabilities to expand in three Phases.  The first, ADS-B & related technologies as fielded in the Yukon / Kuskokwim Delta is nearing completion.  The second, involving WAAS & WAAS supported capabilities in Southeast Alaska is well underway.  The third involves statewide deployment of technologies / capabilities / services developed in earlier phases.  Earlier this year Capstone’s Industry Council reaffirmed this approach to further Capstone’s safety efforts.  

Nationally, FAA is struggling to continue operations with a decaying “legacy” NAS while long awaited safety and efficiency gains from modern technologies remain “just out of reach” for both FAA and industry.   Attempts to transition to new / emerging technology have focused primarily on FAA’s funding stream and business case without full and concurrent consideration given to the operator’s circumstances.  

Examples include FAA’s investment in developing and fielding the Microwave Landing System (MLS) which was later abandoned when operators failed to equip due to the high cost of airborne MLS equipment.  In addition to high cost, operators noted they derived little benefit from MLS beyond that already available from their previous investment in ILS equipment.   The reverse situation occurred when FAA announced the Future Air Navigation System (FANS-1).  Although aircraft manufacturers and operators equipped aircraft, FAA failed to field the Air Traffic Systems necessary to work with FANS-1.

It is important to recognize that no Air Traffic System will function without both FAA and operators working together.

Currently, more than a year after certifying the WAAS signal (July 2003), FAA has published only 20 LPV procedures, and no manufacturer has yet certified avionics (September 2004) capable of flying those procedures.  In Alaska, WAAS is used to support both stand-alone low altitude airways and lower altitudes on traditional airways, however, none of this yet frees FAA from the requirement to continue support of legacy systems.  

TRANSITION STRATEGIES:    Traditionally, FAA fields a capability such as ADS-B and WAAS and continues to support legacy systems until sufficient user equipage occurs (“. . .in the fullness of time”) to enable decommissioning.   Maintaining multiple systems is not only expensive but serves to slow operator transition.  After MLS and FANS-1 experience, operators are understandably hesitant to invest in anything where FAA appears to maintain a “retreat path” in lieu of an identifiable and clear “exit strategy” to include decommissioning legacy systems.

Alternatively, mandates have served well in safety matters (FAR 135 to 121 transition, TAWS, etc.) but are generally not acceptable in efficiency and business matters.

The preferred path achieves an accelerated transition to a new NAS with a clear “exit strategy” that provides a timeline for decommissioning.   It requires a full systems approach including “alternative investment” strategies with incentives for user equipage.   Such an approach enables FAA to stop investing in the past and enables near term return on monies already invested in new technologies such as WAAS and ADS-B.   

OTHER IMPACT:


  o 
Current technical issues include increased magnetic variation shift rate placing all NDBs in Alaska out of tolerance generating a requirement for additional flight checking and re-charting routes and approaches.

  o
The Department of Interior’s Fish and Wildlife Service identified environmental issues wherein legacy NAS facilities impact migratory waterfowl, including endangered species.  In a letter dated September 2, 2004, the Fish and Wildlife service advises “Take of migratory birds (particularly black brant and emperor geese) by the H-antenna NDB violates the Migratory Bird Treaty Act.”    

THE BUSINESS CASE:  Although many costs associated with the legacy NAS are unknown, only a few data points are required to support the rational for establishing financial incentives leading to a clear “exit strategy.”

“Rough cut” FAA business case:

Current (Legacy) NAS in Alaska – 











Per year
10 years
Safety:  29 aviation fatalities in in Alaska 2003

$91.2M
$912.0M

Infrastructure:  Alaska’s 40 VORs & 80 NDBs

  10.0

  100.0M









Total $1,012.0M

New NAS in Alaska – 
Safety: 18 aviation fatalities/year


$50.4M
$504.0M

Infrastructure:




– Convert Airways to “Q” routes



      0.6



– Establish ADS-B Ground System



    38.0



– O&M for ADS-B Ground system



    36.5









Total    $579.1M

Resultant 10 year partial* savings
$432.9M*

* The savings projection does not include the return gained on previous WAAS investment and other benefits associated with system reliability. 

An alternative path involves consideration of both the government business case and that of the operators.

 “Rough cut” Operator business case:

– Current (Legacy) NAS in Alaska 

–
No additional cost

 

– New NAS in Alaska 


– 
*

* Breakdown

Equipment – 

WAAS – $8,500 / ADS-B – $6,500 / MFD – $5,000, Portable display – $1,500

Fleet – 

   7,500 aircraft registered in AK

   1,200 Inactive



No equippage
      800 Turbine, ME, IFR

Dual WAAS, MFD, ADS-B

28,500 / each

   3,000 VFR / “light” IFR

Single WAAS, MFD, ADS-B

20,000 / each

   2,500 VFR only


Portable display, ADS-B

  8,000 / each

* Extension – Air fleet investment

– 

$102.8M* COST / 4 years

* Cost projection does not include installation, aircraft down time, or pilot training on new systems.

ACCELERATED NAS TRANSITION STRATEGY:
An alternative (and preferred) transition strategy includes an end-to-end strategy, addressing business cases for government and operator alike.  Safety benefits, while real, are intangible, in that beyond insurance, most costs (litigation, lost productivity, etc.) cannot be budgeted for, even though over time safety impact is felt throughout the community.  However, for this reason, consideration is limited to identifiable tangible costs involving the governments cost of operating & maintaining the NAS as well as the operators cost to acquire equipment.   

The value (savings) the government accrues from early operator equipage is directly related to the amount of time required to begin decommissioning.   Each ten years that decommissioning can be moved up, the government will save between $100.0 and $ 432.9M.    Providing operators with equipage incentives tied to this savings enables an “exit strategy” which includes an identifiable start date for decommissioning.   

Elements:


o
During FY05 and FY06, existing VHF routes (“Victor” airways) will be overlayed with charted WAAS enabled RNAV or “Q” routes.  Similarly, stand alone LF routes (“Colored” airways) will also be overlayed with charted WAAS enabled RNAV or “Q” routes.  This element is currently funded.

o 
During FY05, approximately 16 GBTs will be fielded.  During each of the following three Fiscal Years, FY06 through FY08, up to 20 GBTs will be fielded, expanding ADS-B coverage in Phase III (Statewide) by up to 76 additional GBTs.  This element is currently funded.

o 
Beginning FY05, and each year through FY-08, Capstone would provide incentives in the form of partial reimbursements for operator installed WAAS and ADS-B capability, based on type of aircraft/operations, up to a maximum of $25.0M per year.  This element is unfunded.

   o
Beginning FY08, FAA begins a first level of decommissioning with low impact facilities (VOR & NDB) which do not support “J” airways or international operations.   

This final element is the first step towards an “End State” in which the NAS radionavigation infrastructure will leverage advanced avionics and satellite navigation capabilities to provide universal RNAV services and vertically guided instrument approach services while reducing the cost of the ground based infrastructure.   Details of navaid divestments are currently being defined.  Some VOR/DME and VORTAC stations will become stand-alone DME or TACAN stations.  Surveillance capability will leverage advanced avionics and limited ground based infrastructure to permit surveillance over much of Alaska for the first time ever.  It should be noted however, that increased surveillance does not mean more traffic controllers – it simply means better air traffic control and smoother air traffic flow by reducing manual air traffic procedures.  


REQUIREMENT:
Support for this Goal requires $100.0M total, $25.0M each year beginning FY05 and continuing through FY08.   Unlike government owned facilities & equipment, this becomes a one time investment without a residual “ops-tail” funding requirement.

ISSUES:
Prioritization for decommissioning will need to consider international hamonization and trade laws, along with strategies for military aircraft transition.   Operating issues include extent of back-up capability required.   In Alaska, this has rarely been an issue as back-up capability including availability of radar is sparse.   This is an issue, however in the 48 contiguous states where such capability is the norm.  Human factors including training and acceptance must also be worked through. 

BENEFITS:

Cost savings by divesting in ground based infrastructure and replacing with technology that is less expensive to install and maintain.

Surveillance in non-radar airspace increases safety and results in more efficient traffic flow

Required Navigation Performance (RNP) is supported by numerous technologies including ground and satellite based.   One of the technologies supporting RNP is Distance Measuring Equipment (DME).  A consideration for DME/DME supported RNP involves ensuring routes / procedures are within the service volume limits of multiple DME facilities.  GPS / WAAS enabled RNP is not so constrained and allows route design free of DME limitation.

Weather and traffic information supplied to the flight deck improves situational awareness

Enables modeling and safety analysis with new NAS technologies

Migrates towards “self-enabled” Flight Operations in selected airspace

Demonstrates International Leadership through example

























Beyond Initial Implementation
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IFR/VFR avionics (MFD, UAT, WAAS)


GBT network (ADS-B, FIS-B, TIS-B)


Ground Automation ADS-B Mods


Operator Flight Following


Center, Approach, Tower, Flight Service use of ADS-B


GPS/WAAS-RNAV routes, approaches, departures


Supporting AWSS and voice Comm








Satellite augmentation of GBTs


1090 ADS-B data link


Wide Area Multilateration
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