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Abstract
The Federal Aviation Administration deploys and manages an array of advanced automation systems that provide safe and expeditious movement of aircraft, people, and goods through the National Airspace System (NAS).  To reduce the cost of ownership while continuing to enhance safety, capacity, and efficiency, there is increasing focus on convergence of multiple automation systems.  Convergence leverages the tools already in the FAA’s inventory to address both the current automation needs as well as to meet future challenges.  By promoting an enterprise wide perspective on key data and functions and deploying services that can be accessed by authorized stakeholders throughout the NAS, convergence ensures that all decision makers have identical and up to date data - promoting more accurate and timely decision making.
As part of the effort to investigate NextGen convergence approaches, the Lockheed Martin NextGen Automation Platform (NGAP) Research and Development efforts in 2011 improved the communication and data exchange between en route and terminal systems by converging to a single backend and workstation platform for both Air Traffic domains.  The en route system remotely supports a terminal workstation, providing common data source for both the en route and terminal controllers.  
Remote Display Concept
In addition to backend consolidation, the concept of a Remote Display provides a richer set of functions for the terminal controller by allowing for better flight data exchange with en route controllers and improved workstation functionality.   By directly supporting the Terminal Radar Approach Control Facilities (TRACON) system with data from a common backend system, additional data is available to Approach Control and changes are shared by both terminal and en route controllers.  Electronic flight data, directly available at the Approach Control workstation, can be viewed and amended by the controller.  This can be done using message formats that match the existing Flight Data Input / Output (FDIO) format as well as additional methods such as datablock picks.  The additional tools provided by the en route backend system (e.g. Continuous Range Readout, Flight Plan Readout) as well as enhanced functionality (e.g, Preference Sets, NEXRAD Weather, Special Use Airspace, Annotations) provide significant benefit to the terminal controllers.  Fused Display Mode, as implemented in terminal to support ADS-B, provides the opportunity for en route controllers to use terminal procedures.
Communications between the current systems in use by the FAA, originating in the late 1960s/early 1970s, to provide Air Traffic Control services generally consist of a textual-based message flow, with limited data exchanged in those messages.  In the case of communications between the ARTCCs and the TRACONs, only minimal flight data is provided to the TRACON automation, which primarily acts on the radar data in the terminal facility to provide air traffic services.  Flight data is provided on paper strips via the FDIO Interface.  Any flight data updates needed by the terminal controller are done via keyboard entry into the FDIO system.   The update is then either manually marked on the flight strip or a new flight strip is generated.  
Architecture Overview
Our approach provides remote support using a series of relays to transfer data from the Local (en route) system to the Remote (TRACON) system.  The Local relays monitor the data coming from the servers and apply an appropriate filter to determine if the remote system is interested in the particular data object.  The applied filter varies by type of data, but is generally related to proximity or distribution rules.  If the data object is determined to be of interest to the particular remote site, the data is transferred to the remote site via the relay and provided to a “shadow” server in the remote location.  The remote site contains an instance of the same servers as the master system, set up to receive the data from the master server and echo that data out to the individual workstations in the remote facility.  This approach extends the safety and reliability attributes of the ERAM system into the remote facility, with appropriate local backup capabilities in the event of a communications outage.





Figure 1 - Generic Server Architecture
The displays located in the en route and the Remote systems are identical, and can be tailored to the operational environment to allow the appropriate type of Air Traffic Control.  Based on the operational setting, the same display can be used for en route control (with existing en route CHI) or terminal control (with the addition of the terminal CHI).  Regardless of the setting, the same backend data is used to feed the information displayed to the controller.
The concept of supporting remote displays from a common en route backend system could be utilized for multiple purposes, including oceanic control, terminal control, tower control, and surface management.  By having a common backend for all air traffic control systems, the data is shared by all systems and is consistent in all systems.  
In order to show the proof of concept of a remote system, a more detailed analysis of the approach for terminal systems (ARTS IIE) has been provided.
Terminal Operations Supported by NGAP
For terminal facilities, the existing CHI is enhanced with terminal CHI (terminal data blocks, lists, implied entries, FDIO entries), terminal Fused Display Mode (supporting ADS-B and 3 NM separation), terminal safety functions and support for displays remote from the NGAP backend.  This provides the look and feel of the terminal display, while allowing for additional functionality available from the en route features.
A terminal position in NGAP supports terminal procedures while also providing the capabilities to access the NAS flight plan as en route controllers do today.  The Fused Display Mode (as implemented in terminal automation to support ADS-B deployment) is added to NGAP and made available with the current en route CHI and newly added terminal CHI.  The ERAM-based display has three Radar position (R-POS) display modes:
· Mosaic – En Route CHI (the current CHI)
· Fused Mode – En Route CHI
· Fused Mode – Terminal CHI


[image: ]
Figure 2 - Fused Display Mode

[image: ]Fused Display Mode, shown above, introduces the separation symbol, shown to the right, and synchronous updates (i.e. all tracks on terminal displays are updated once per second).  The separation symbol is designed to cover the aircraft that is being tracked.  With that definition, the symbol has been approved to support terminal procedures (e.g. 3NM separation, target resolution, and passing & diverging).  The synchronous display updates provide a time-corrected presentation.  The time-corrected presentation provides more accurate situational awareness to the controller and accommodates “fusing” of multiple surveillance sources such as traditional radar, ADS-B, and multilateration.  We provide time-corrected synchronous updates for all the (fused) tracks to alleviate separation issues when asynchronous updates are received from the various surveillance sources and to compensate for latency.
Our fused terminal CHI mode in the NGAP platform provides the user with standard terminal CHI including terminal data blocks (Full Datablocks, Partial Datablocks, Limited Datablocks, Single Symbol), the separation symbol with history trails, terminal tabular lists (arrival/departure, low altitude/conflict alert, coast/suspend, etc…), terminal safety functions (Minimum Safe Altitude Warning [including Approach Monitoring] & Conflict Alert), and terminal keyboard entries.   The terminal CHI is maintained at the ARTS IIE sites on the NGAP displays to minimize controller training.  Beyond initial deployment, as terminal requirements evolve, enabling some of the inherent ERAM display capabilities may be beneficial to terminal operations.  Examples of these capabilities include the ability to enter and modify the NAS flight plan from picking data block fields and making FDIO entries at the display.  Other tasks could be easily made available, like terminal arrival schedules from TMA.
The new fused en route CHI mode is based on the terminal fused presentation of the separation symbol with synchronous updates.  This allows en route controllers to use terminal procedures in areas which they cannot today.  The traditional en route display mode also continues to be available.  This enables the FAA to use these capabilities to develop Big Airspace concepts.
Remoting NGAP Displays from the ARTCCs into the TRACONs
This strategy includes the introduction of “Relay Servers” to the NGAP architecture to support remote ARTS IIE facilities.  The relay servers communicate the necessary data from the existing ERAM LANs.  The easiest example is track data.  The Local Relay Server (as shown in Figure 4) provides track data that is of interest to the TRACON displays (equivalent to the ASR coverage they have today).  The TRACON displays receive the track information from the Remote Relay Server as if they were actually located in the ARTCC.  The “Relay Servers” provide the NGAP displays (e.g. located in a TRACON) the required data to perform their service. The remote NGAP displays have the same functionality available to displays located in the ARTCC.  The “Relay Servers” support the remote deployment of R-, D-, and A-Position functions.





Figure 3 - Remote NGAP Displays

In addition, the remote system includes a “Backup Server” with the “Remote Relay Server” at the TRACON facility.  The Backup Server provides the key ERAM functions (e.g. flight data, track data) in a single server chassis.  Should a loss of communication occur between the remote site and the ARTCC, the remote site switches to the Backup Server.   The Backup Server has current flight data (from listening to the Remote Relay prior to communication loss) and processes locally available surveillance data.  The site is able to continue autonomous operations.  Once communications are restored, the Remote and Local Servers synchronize the changes that have occurred in flight data and operations resumes as normal.
All monitor & control (M&C) and security for the remote displays is supported at the ARTCC, as well as an option to perform local M&C if needed during autonomous operations.  The Remote Relay Server provides the ability to monitor and control all servers at the remote site as well as the ability to download updated software, maps, and adaptation.  
Additionally, since technicians may not always be available on site, a separate “Out Of Band” capability is provided to support maintenance actions from the en route facility.  “Out Of Band” management provides the ability to remotely change the power state of the computer, collect hardware inventory, and perform other tasks that would traditionally require hands on actions.  “Out Of Band” management is provided by independent hardware in the server.  Out-of-band management allows system technicians to maintain servers when they are in any one of the following out-of-band states:
· The computer is plugged in but is not actively running.
· The operating system is not loaded (software or boot failure).
· The software-based management agent is not available.
Conclusion
The advantages of convergence are many-fold including shared functionality, flexibility, improved efficiency, reduced maintenance and development costs, and the ability to better support NextGen initiatives.  One approach to convergence is to support remote systems directly from the en route ARTCC system, making multiple systems into one consistent, converged system that supports all forms of Air Traffic Control.  The convergence of terminal and en route CHI on a single platform allows for more flexibility, allowing terminal air traffic control to be performed seamlessly in both the ARTCC and in remote locations, while information is consistent and available from a single point for all users. Through Independent Research and Development efforts, Lockheed Martin has shown that this approach is feasible and the time to pursue a NextGen automation platform is now.   
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