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TITLE

The Surface Movement Advisor: Improving the Coordination of Airport Surface Traffic Flow 



1.  DESCRIPTION.
a.
Briefly describe the contribution.

The largest single component of direct delay cost in the U.S. national airspace system is departure taxi delays, according to the Air Transport Association.  Costs of all surface delays are roughly equivalent to all those experienced in other flight control domains (i.e., in en-route and the terminal area combined).

The purpose of the Surface Movement Advisor (SMA) is to improve the situational awareness of the participants in airfield surface operations, such as FAA tower controllers, ramp and airport operators, and commercial airlines.  SMA takes a global view of an airport and is trying to minimize overall surface delays (and hence user costs).  Better-informed air traffic, airline and airport operations users have been able to make better airport traffic management decisions, that have demonstrably and quantifiably improved airport throughput and reduced taxi delays at the SMA-deployed airport (Atlanta, now the world’s busiest).  SMA is the only operational tool anywhere for managing overall airport surface operations, and the only system that has thus far been demonstrated to improve airport surface efficiency.  While SMA benefits the entire FAA airspace system through reduced airport delays and improved coordination, its commercial cost savings to airlines is equally significant.

Other benefits of SMA at Atlanta have included better airport resource allocations.  Previously, airlines and airport managers were unaware of the precise location of a given arriving or departing aircraft while it was in terminal area airspace (to about 60nm radius).  As aircraft are moved into and out of holding patterns and sequenced for arrival, landing-time uncertainties of ±10 minutes are commonplace, which in turn adversely affects the efficient allocation of gates, servicing equipment, ground crews, etc.  For instance, empty gates may be held for missing arrivals while early-arriving aircraft are left waiting for an available gate.

To test the effects of providing airport-wide data sharing and advisory information to tower controllers, SMA was developed as a joint effort between the National Aeronautics and Space Administration (NASA) and the FAA.  SMA electronically connects the air traffic control, airline, and airport operations user communities at Atlanta-Hartsfield airport to facilitate information sharing and the correlation of data from varying sources.  The system has been in use on a 24-hour daily basis by various airlines, airport ramp towers and controllers since June, 1996.  

The need to test SMA prototypes in a realistic setting led to the 1995 proposal  for a full-up air traffic control tower simulator, the SMA Development and Test Facility (SDTF).  As FAA and airline enthusiasm grew and the scope of the SDTF facility was increased, it was spun off into a separate project (the Surface Development and Test Facility, now renamed Future Flight Central) which opened in 1999 and is the nation’s pre-eminent air traffic tower research facility.

In addition, if peer-reviewed publications by contributors have been accepted on this topic in refereed journals or for refereed conference papers, please attach a copy with this form as a supplement.
The following support items are attached to provide a more complete description of the Surface Movement Advisor:

· FAA operational benefits assessment report and presentation, recent testimony

· Airline letters on effects/benefits of SMA

· 3 refereed publications

· SMA press release

· AP Article on Atlanta (busiest airport)

· Overview of SMA evolution since initial development, including release notes and master schedule 1994-present

· List of busiest airports worldwide, and discussion of SMA applicability and benefits

· Mac-formatted diskette containing an SMA demonstration/training program, with accompanying explanatory notes

· Videotape of SMA customers discussing their participation in the requirements and design process

· SMA assessment results from the NASA IV&V Center 

b.
In what NASA program, project or mission has this contribution been used or will be utilized and to what extent? (include any non-aerospace commercialization applications)
The mission of the Aero-Space Technology (AST) Enterprise is to pioneer the identification, development, verification, transfer, application, and commercialization of high-payoff aeronautics and space transportation technologies.  One of the 3 Pillar Goals of  AST is the enhancement of global civil aviation – within that goal, one of AST’s 10 overall Technology Objectives is to improve National Airspace System throughput.  Specifically, this Enterprise objective seeks to “triple the aviation system throughput, in all weather conditions, within 10 years” while maintaining safety.  As discussed previously, the airport surface (consisting of runways, taxiways, and ramp and gate areas)  is the single largest source of aviation system delays.  SMA is the only FAA-NASA tool that addresses airport surface traffic management, and as such its success is critical to this AST Enterprise technology objective.
c.
Provide details describing how the contribution works or operates relative to system, subsystem, components, etc.

SMA was initially developed at NASA-Ames with FAA collaboration over 16 months from March 1995 to June 1996, incorporating (where available) a combination of NASA-written software together with current off-the-shelf UNIX client-server, transaction processing, and database management technologies.  Working closely with separate FAA-led System Design Teams of FAA controllers/supervisors, airline personnel and airport operations staff, initial SMA requirements were defined and a proof-of-concept system was developed in seven months, followed by five months of refinement and a four month field test/validation period.  As implemented for Atlanta deployment, the SMA software was comprised of approximately 130,000 lines of NASA-written C, C++, and SQL code, together with configuration-managed relational database software. All relational database access is via non-proprietary, industry-standard SQL calls to avoid any COTS dependencies.  
The SMA consists of interfaces written to acquire data; software experts for data fusion and prediction of flight events; a relational database on a central server; client interface software customized for tower, ramp, and airline users; and a high-speed airport-area network using TCP/IP, Ethernet and point-to-point protocols.  Software subsystems communicate through the central database (as shown in Figure 1), and include data acquisition, database server, data fusion, prediction and monitoring, system execution and error reporting, and user interface functions.  SMA is data-driven:  database table accesses or value changes trigger messages or data updates to the other SMA subsystems.  Database size is modest -- a less than 3 GB database contains 15 days of Atlanta airfield operations data.  The previous days’ data is averaged to provide default values when data is missing or deemed to be unreliable by the data fusion rules in the prediction subsystem.  A software executive starts processes, monitors their health, recovers from faults or unexpected process terminations, and notifies support staff (remotely by pager) if an unrecoverable fault occurs.
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Fig. 1. SMA Subsystem architecture, coupled through a central database.

SMA Interfaces

Initial SMA requirements called for an X/Motif-based graphical user interface (GUI) for FAA tower controllers, running on backlit flat-panel LCD touchscreen X-terminals  -- other SMA users were to receive an ASCII text data feed for their use.  Figure 2 shows an example of the airfield departures summary screen used by FAA tower supervisors. Taxi queue lengths are in the large center boxes for north (26R/8L) and south (27L/9R) departure runways:  top values are proposed departures within 15 minutes, middle are taxiing aircraft, bottom are totals.  Unboxed right-adjacent values are estimated times to depart (in minutes) the aircraft when they pushback.  Other screens display information on arrivals, for tower ground controllers, and for database queries regarding a given flight.  Active-duty tower controllers and supervisors worked closely with the NASA development staff to design the tower GUI by directly evaluating alternative approaches and interface designs.  

However, during development and field testing of SMA it became apparent that airline and other airport users also required their own GUI to coordinate ramp tower operations with the FAA tower.  Customized X/Motif-based GUIs were then developed for airline and airport use.  These screens provided lists of arriving and imminently-departing aircraft, and allowed the ramp controller to manually enter gate arrival and pushback events.

In addition to controller inputs from the ramp and FAA towers,  SMA acquires live terminal-area radar tracking data from the FAA’s ARTS computer system, filed flight plans from the FAA’s HOST computer system, airline schedules from several different airport terminal Flight Information Display Systems (FIDS, shown to the public) and from published schedules (OAG).  Estimated pushback times, gate assignments, and pushback notifications are received by SMA via direct network connections to airline operations centers (Delta and ValuJet).  Information on unscheduled flights, general aviation aircraft and other non-scheduled operations are obtained from their filed IFR flight plans and from ramp controller manual inputs.

Data Fusion and Estimation Heuristics

An embedded knowledge-based system in the prediction subsystem interprets the available inputs received by the Input Management subsystem and generates “fused” reference data according to the sources’ perceived accuracy under the current operating circumstances.  Accuracy and reliability are assessed under current operating circumstances based on heuristics obtained in interviews from tower and ramp controllers.  Higher-accuracy sources are then given greater weight in calculating fused values..  Data fusion is necessary because SMA’s data sources usually vary (for instance, on departure pushback times) and sometimes are in direct conflict. 




Fig. 2.  SMA departures management screen for use by tower supervisors.

Another rule-based system, coupled with time and trajectory estimation algorithms, was used to model airfield operating procedures (runway-to-split assignment, missed approach effects, airfield configuration) and thereby generate advisory data for the FAA tower controllers.  These advisories covered relative taxi queue times and lengths under alternative airport configurations.  Figure 3 shows an FAA tower advisory screen comparing various Atlanta airport configurations at a given time -- the best configurations (V18 or NE/SW splits) at any particular time are generally those with the least load imbalance between the north and south parallel departure runways.

[image: image2.wmf]
Fig. 3.  Example of an SMA tower controller advisory screen.  Codes along bottom are Atlanta airport departure configurations.
The heuristics used in data fusion and in generating predicted event times is handled by an expert system implemented as C++ methods.  Knowledge engineering was performed during SMA development by interviewing controllers, airline dispatchers, and tower supervisors.  Knowledge base updates and revisions have been driven by the results of field testing, and continue with daily operational feedback from users.
2.
SIGNIFICANCE.
a.
Explain why the contribution is significant: scientifically, technologically, or from a humanitarian viewpoint, to the aeronautics,  space community, and non-aerospace commercial activities.

As previously mentioned, the largest single component of direct delay cost in the U.S. national airspace system is departure taxi delays.  Despite the critical need to address this target area, other FAA- and NASA-sponsored air traffic R&D have instead tended towards addressing in-flight time delays and in-flight capacity and safety enhancements (such as “free flight”).  Other FAA-sponsored work has looked at surface operations, but in the context of preventing inadvertent runway incursions and surface collisions.  Northwest Airlines and the FAA have likewise supported development of an airport user interface, but only for ramp operations at Detroit airport.   The German DLR’s TARMAC has tried to build individual aircraft-by-aircraft  departure sequences for optimizing aircraft departures, but lacks airport-wide management capability or focus.

SMA is thus the only operational tool anywhere for managing overall airport surface operations, and the only system that has thus far been demonstrated to improve airport surface efficiency.  

SMA is technologically significant to NASA and other organizations with a need for real-time, high-availability command, control, computation and intelligence (C3I) systems for coordinating object or vehicle movements.  In addition to the domain of aeronautics, SMA technologies will be significant in space applications such as tracking and coordinating components during launch vehicle refurbishment and payload integration, and in integrated aerospace design and manufacturing.

While large integrated database applications, as well as data fusion and predictive modelling are all well known concepts within the computer science community, the implementation of SMA represents several advances in the state of operational practice for air traffic systems:

(1) Data sharing between the different corporate and Governmental entities involved in airport surface traffic movement, integrating various heterogeneous, incompatible data sources provided by the users/participants;

(2) An open-architecture, non-proprietary client-server system using modular, object-oriented code;

(3) Use of CASE tools and rapid prototyping led to very productive coding and software development (on the order of 100 lines/person/day) 

(4) Application of a relational database system for transaction-processing of live air traffic and operations data, and for archiving of past operational data;

(5) An airfield-wide intranet physically connecting all potential users by local-area network or serial lines;

(6) Non-proprietary (X/Motif) client displays of live airport status data;

(7) Expert-systems heuristic algorithms used for predictions of aircraft gate arrival times, landing times, departure times, takeoff times, and runway assignments;

(8) Novel data interfaces to FAA computing systems and to airport-wide Flight Information Display Systems (FIDS, which show gates and times to the travelling public);

(9) Automated self-restart and remote notification of system faults and operating failures by pager.

Finally, during SMA development computer-aided software engineering (CASE) tools were used from the outset to generate initial data flow and control diagrams, and in designing the object class hierarchy.  The use of these commercial tools in implementation also provided configuration and version management, automated bug-fix documentation, and advanced debugging capabilities such as memory leak detection.  Software productivity was therefore enhanced, with sustained maximum coding rates of 100 source lines per programmer per day, which in turn allowed the ambitious 16-month development schedule to be met.  The productivity of this Government-led software development compares favorably with the very best private-sector software development teams in Silicon Valley, and the quality and ruggedness of the SMA code has allowed it to achieve 99+% availability over the past 3 years of Atlanta operations.

b.
Estimate the degree of scientific or technological significance by a mark on the line below:

0___________1_______________2___________________3_________________4___________XX______5

         None              Modest
         Average

 
  Major                     Maximum

c.
Estimate the significance of the contribution relative to a specific NASA program or mission by marking the line below:
0___________1_______________2___________________3_________________4___________XX______5


   None
                Modest
         Average                           Major                        Critical
3.
STAGE OF DEVELOPMENT.

Indicate the stage of development of the contribution by a mark on the line below:

0___________1_______________2___________________3_________________4__________XX_______5


Concept
         Simulated
         Tested                 Fully Developed            Operational
4.
ASSESSMENT OF USE.

· If the contribution is now in operation, describe its performance and value within both the aerospace field and its application to non-aerospace commercial and government uses. 

A 1997 operational benefits assessment study conducted by the FAA (attached) proceeded by turning SMA off for one month in order to capture its effects on taxi delay times and airport system management efficiency.  The study found that the use of SMA reduced departure taxi times by an average of just over a minute for all departing flights at Atlanta, with the greatest savings occurring during peak aircraft activity periods.  Independent figures reported from Delta Air Lines confirmed the FAA study results.   

With >1500 daily departures and with taxi delay direct costs ≥$40/minute, SMA provides about $60K in daily cost savings to the airlines at Atlanta-Hartsfield airport, or somewhere between $16-21 million in value annually since 6/96.  Cumulative airline cost savings due to taxi delay reductions since SMA became operational are estimated currently at $70 million, not including the value of passenger time gained.  Additional SMA operational benefits have been reported anecdotally by FAA controllers and airport operations personnel, but these have been harder to quantify.

Outside of aerospace, other possible commercial uses for SMA technology are real-time, high-availability command, control, computation and intelligence (C3I) systems for coordinating object or vehicle movements.  

b.
If the contribution is not now in operational use, describe its most likely or previous applications and the extent of commercial,(includes non-aerospace commercialization)  government and/or NASA-specific uses.

N/A - contribution is in operational use now.

c.
Will the contribution increase in value or in its applications over time and in what manner?
As SMA is deployed to additional large airports (by the FAA and/or commercially), its contribution will increase in value very significantly.  Commercial spinoffs of the general SMA approach to other C3I areas will likewise increase its value and number of engendered applications.  

Work is ongoing to update and improve SMA’s databases, algorithms and overall architecture.  Since initial deployment, SMA knowledge base updates and revisions (see enclosed release notes) have been driven by the results of field testing and operations, and continue with daily operational feedback from airport users.

Future work is expected to lead to the creation of airport surface automation prototypes that will further extend SMA capabilities.  These will be integrated with other air traffic decision support tools and with ground surveillance for improved efficacy in advising surface movements.  Research is underway into concepts which use active airport user collaboration to further reduce departure taxi delays, such as “virtual taxi queues” or collaborative departure management (CDM).  Given the availability of SMA’s large database of daily airport operations, future work is also planned in the use of data-mining techniques to search for hidden operations inefficiencies.

5.
CREATIVITY.

What is your assessment of the creativity displayed in the conduct of this contribution, relative to the expected performance of those in similar positions?
None________Low  _________Modest________Average________High_________Very High______XX_____

6.
RECOGNITION
What forms of recognition have been received by the contributors for this contribution?  Have 





previous awards been made to the contributor(s) for this accomplishment?  Please describe.

The initial SMA development team received an FAA ARA (Air Traffic Research and Development) Annual Award in September, 1996 and a NASA Group Achievement Award in June, 1997.  

7.
TANGIBLE VALUE.

As a measure of the tangible value of this contribution, estimate the following:


a.
NASA cost savings* to date and in future years.

SMA was designed to serve the needs of the airlines, FAA air traffic operations and the travelling public.  Cumulative additional tax revenues to the Treasury based on the $70M in airline cost savings due to SMA thus far may have now covered or exceeded the $2.5M NASA share of SMA core development costs in 1995-97.  Future efficiency improvements to the National Airspace System due to broader SMA deployment could lead to significantly greater revenue to the Treasury in the future, depending on SMA deployment scope and overall airline profitabilities.


b.
Current market value and potential as a commercial product or process.

In September 1996, Mike Dodd of US Airways contacted NASA-Ames and expressed a willingness to pay someone “up to several million dollars” to implement SMA at US Airways’ Pittsburgh hub.  He had been in contact with Delta Air Lines regarding their Atlanta results and estimated that US Airways would see a quick (6-9 month) payback of their initial investment. The 1998 RTCA Free Flight report called for the national implementation of SMA capabilities as part of an initial free-flight system.

Other airline or airport interest in SMA has led to individual airlines and the Air Transport Association petitioning the FAA to fund the installation of SMA at 12-15 other hub airports nationwide.  Given the degree of measurable user benefit from SMA in Atlanta since 1996,  and the size and cost of installing a full SMA system at a given airport,  the FAA has responded that the airlines should be willing to pay for installation of a full SMA themselves and has instead deployed under its Free Flight Phase 1 program a reduced-scope flight data transfer application that would provide partial SMA benefits at a reduced cost (“mini-SMA”).  This leaves the market open for a Government-licensed full-SMA commercial product to be adapted and sold to airlines and airports worldwide.  The potential worldwide aerospace market  for SMA could be at 40-60 large airports (with >250K annual aircraft movements) at roughly $10M per site, totaling about one-half billion dollars plus smaller markets for ongoing maintenance and software upgrades.  As an example,  Northwest Airlines, after receiving mini-SMA at Detroit in 1998, has recently indicated an interest in obtaining a full-SMA installation.  

In the meantime, the FAA has deployed mini-SMA at five other airports (Detroit, Philadelphia, Chicago/O’Hare, Dallas-Fort Worth, Newark and Teterboro, NJ), with some success already attributable to mini-SMA in Detroit  (see FAA Administrator’s testimony). Northwest reports that the improved situational awareness in Detroit due to mini-SMA has reduced the number of low-fuel aircraft diversions by 3-5 per week – at about $50K per diversion. 


c.
Other measurable value: increased efficiency, enabling technology, improved management, etc.
SMA has measurably increased the efficiency of airport surface operations and improved airport management, as demonstrated in its overall impact on Atlanta airport operations.  

In addition to the “planned” benefits from SMA, there are unexpected benefits being realized that were never anticipated the FAA or NASA.  These unexpected benefits illustrate the significance of sharing real-time operations data broadly among all airport users.   For example, in 1997 the FAA conducted its operational benefits assessment of SMA by turning it off for one month and observing its impact.  This temporary cessation of SMA service disrupted U.S. Customs and Immigration operations.  Prior to SMA deployment, Customs and Immigration officials had had to wait for information about a given international flight until it had actually landed and arrived at the gate, often resulting in either last-minute scrambles to staff booths prior to an early influx of passengers,  or long periods of staff idleness while waiting in-place for delayed flights.  With SMA in use, Customs and Immigration (as well as other Federal and local agencies and commercial entities) may plan their activities based on direct access to real-time, dynamic airfield information and on SMA’s own continually updated time-of-arrival and time-at-the-gate predictions.

APPLICANT’S SIGNATURE: _______________________________________  DATE:_____________
 *State the rationale for the above cost estimates.

Brian Glass David Iverson William McDermott Reisman Lijiana Spirkovska James Gibson
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