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Background 

Air transportation delays/congestion continue to grow 
--Airline traffic is predicted to grow at 4.3%/year 

Si@cant increase in number of delays at busy airports 
Increasing number of secondary airports experiencing major delays 
Airspace congestion increasingly becoming major contributor to schedule reliability 

- Ekommerce, escalating value of property in major commerce centers, semh for 
improved quality of life 

0 Major expansion of air traffic services at smaller airports 
Airspace congestion will become dominant 

TOTAL US. ATC SYSTEM DELAY 
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Constraining Factors on Today’s Air Transportation System 

Today’s System 

- Over 2000 sectors - 
- 1 &OOO ATC personnel - 

- Limited runway construction - 

I I 

0 Inability to further reduce semrations between aircraft 
Technology limitations 
Human limitations 

* Sectorization of airspace has reached its limit 

* Inability to make best use of available information to outimize traffic flow 

I The Problem and Solution Options 
Without new technology the results are unacceptable I 

Tdallanm 8 
1986 987 
2 m  1378 
20135 1S76 
2010 1.776 
2 4 5  1,910 
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Air Transportation Vision 
Seamless operations for all vehicle classes across all airspace to provide vast increases in movement of 
people/cargo through 

integrated airspace operations 
sharing of information from distributed scurces including weather 
advanced automation 
human interactive system monitoring and goal setting capabilities 

Today’s ATM System 

- Procedure based coordination 
across facilityhirspace boundaries - 

The Future Ai Transportation System 

- Seamless operations for all vehicle classes 
across all airspace - 

Distinct fmilitieshegregated airspace Unified 

The Status 

Tomorrow’s Air Transportation System definition is clear (“Free Flight”) and 
is supported by all constituents 

* First implementation has started (NASA products = TMA, pFAST and SMA) 
BUT, significant R&D required to complete Goawision 
The FresFlight Program will not solve the long-term problem 

The Future Air Transportation System is still notional 
0 No one is conducting the resemh to suppat the fat-term concepts, 

technologies and methods 

The capability requkd for evaluating future concepts at &e requisite degree 
needs to be available 
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Program Goals and Objectives 
Objectives: 
Provide the research and development by 2007 necessary to: 

Complete the development of technology for tomorrow (Free-Flight) 
* Provide the foundations for setting the direction for the future (Beyond Free-Flight) 

Gods (Air transportation as one component of a fully integrated multi- 
modal transportation system): 

Tomorrow’s Air Transportation System* 
* 20% incEase in throughput at high density airports 
* 25% reduction in today’s missedcanceled flights due to traffic problems 

The Futu~. Air Transportation System* 
3X increase in throughput at high density airports 
50% reduction in rate of missedcanceled flight 

* Systems studies have been initiated to validate goals against program elements 

The Program i 

prolcrpm integration 
System-Level Operations Concepts 

Tomom’s  ATM Vision 
-Align wth FAAAn&stry 

Concept of Operations 
The Fatore Air Transpol.tation Viion 

Coordimte with FAA and industry 
- Functioml definition 
- Architecnual implications 
-InteIface.s wth local 

uansportation 
System-Level Sinlation 

T 

-Surface congestion alleviatim 
-Runway poduuivity technologies 
-Technology enhanced anivalfdeparmre 

-Integrated airspace decision support tools 
- Nafional !&tic flow management 
-Runway Mependent Aircraft operations 
-ATMfll7MweaU1ex 

dedslon suppat tools 

Full vehicie-class eovemge 

Future Air Transportation System - 
Foundarions for the future 

syslenr Lcvef De~%&ii 
- ATM system level detinitiod/deign 
-Design for integrity/rehabihty/@acerty/gmceful degradation 

Breakthmugh Concepts 
-ATM antomation 
-CNS and System Architecnue(softwareJhardwase) 
-Airport/consnained airspace techndogies 
-Integration of all vehicle classes 

MetIzodol&es and Undersiandng 

-System analysis andsimulation methods kluding 

- Human-system modeling andunde~~tan&~g 
multi-modal aaospcntation 

I 
1 
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Validate Through System-Level Sidation 

Collaborative Tools for 
System Level Assessments 

Virtual Laboratories for > F p $  Dol 

Command and Control Fraiue Aiz Tmnspor@hn 

The Program r 
Program Integration 

System-Level Operations Concepts 
Tmomnv’s Syatem 

-Alignwith FAAlIn&.stry 
Concept of operations 

The Fotore Air T r a ~ ~ p o ~ i i n  Vision 
Coordirate with FAA and industry 

- Functiord deEnition 
- Architectural impticatious 
- Interrams with local 

uanspsation 
System-Level S i t i o n  

Future Air Transportation System - 
Foundations for the future 

SystemLevelLkjinit?on 
- ATM system level definitionhiesign 
-Design for integitylretiabilityfgaceful degradation 

Breakthugh Concepts 
-ATM automation 
-CNS and System Architecnue(softwarehardware) 
-Airporr/oonstrained airspace techdogies 
-Integratiw of all vehicle classes 

Methodokgies and UndcrstMdng 
_I - _  

F. . .  - . .  . .  . . . .  
. =  . .  - . .  

-System analysis and simulation methods irrluding 

- Human-system modeling anduuderstandng 
multi-modal lransportatioo 
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Tomorrow’s Air Transportation System 
Deked in FAA/RTCA Concept of Operations 

Tomorrow’s ATM System 
Interoperable 

- Intelligent advisories for interoperability - 

Technology Challenges 

Improved uaffic flow management pmlictions and decision making 
Collaboration between users and computer assisted re-muting 
hpmved prediction d traffic patterns and weather 

Remove restrictions across facility/sector baundane ‘ 5  

* Introduction of decision suppoa tools such as CTAS integrated witl 
weather for dynamic re-routing 

Reduce separation quirements in the terminal area 
* Monitoring of trailing vatices 

Technologies for relative positioning of airc& 

Eliminate snrface congestion 
Sharing of information cn arrivals, deparhms, gate status 
Taxi guidance 
Intelligent decision Illalringlcueing to eliminate runway 

incursions 
Optimized taxiway/nmway designdimprovements 

Tomorrow’s Air Transportation System Improved pdiclioas and 
deeision makiog (The Program) Remove restri&ns across 

Reduce separation in the terminat area 

Eliminate surface 

ATMiTFbf Weather 

Alleviation Runway Independent Aircraft Operations 
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Surface Congestion Alleviation 
Objective 

Airpat congestion is rapidly kcaning the limiting factor in airpon 
throughput. Incidents d runway incursion in today's system are 
threatening aurent airpat throu&put. Develop nafKc management 
automation, and requkd techmlo@gies. to alleviate surface congestim. 

Activities - Develop & field test near-term advances (early 
deliverables). Initiate joint activity 8 a team memher in 
identifying and developng procedm to safely reduce 
runwayltaxiway cagestion making use of the Future 
Flight Cenual tower simulator. 

* Develop techndogies to enable automation ads that will 
alleviate runway congestion in IMC and VMC while 
eliminating runway incusions. Invesugdte solunons that 
require more substantial changes in the NAS includmg 
&tegration of arrivals, deparmres and surface operations 
(field tests toward end of project). 

Benefits 
Increased airport througlput (by codnating taxi occupancy of 
runways with arrivals &departures) 

* Reduced taxi delays (due to queuis for active runway crossings) . Increased taxi route conformance - Reduced comller and pilot workloads 

- Issues 
Procedures for "holding shon" and ''crossing active runways'' 
need to be improved a d  integrated with an overall surface 
management strategy to pmvid: improved airpat througlput. - Predictive algorithms to plan runway occupancy (arrivals, 

depamues, and crossitlgs) 
* Advismes and displays for controllers and pilots 
* Suppwtingprocedues 
* Employ datatink to connecf flight deck and ATC tower 

Integrated with arrival and departure tools 

Runway Productivity 

3bjectives: 
Develop and test new aircraft and sensor technologies and 
associated procedures including safety assurance 
infomatiodassessments for increased capacity within the 
terminal area 

letivities: 
3uilding on AVOSS and AILS, develop technologies and 
mcedures critical to achieving increased capacity 

Develop aireraft technalogig for dosely spaced 
parallel/converging runway appmrhes 

Advanced m c  alerting/detection and avoidance 
systems and pilot interface devices using hi@ update 
surveillance capabilities integratedwith digital 
te-S databases and traffic information 

Develop and evaluate yake vortex sensor system 
technology for anivals to parallelkonverging 
mways and deparmres in operational enviromnent 

- Wake vortex sensor techology 

Key Issue: 
ParaIIeVconverging runways 
0 Design for reliabilityhbustness 

Interaction with other traffic in the event of an aled 

Integmim of mixed equipage 

Shared picture between pd and air 
wake vortex 

Stabiity of vmex pl;edictions 
Reliability of predictive vatex decay mcdeling - Procedures for integrating id0 rourjne Operations 

- Clearhncise informatim 
Vortex sensor placement 
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rechnology Enhanced ArrivaVDeparture Decision Support Tools 
3bjectives: 
Optimize hughput  h n g h  the intmduction d new technologies 
and the maturation of emerging technologies. 

ictivities: 
r e d  arrivaUdepartuddce p 
Suilding on CTAS, SMS, existing tower cap 
lata-Iink, weather and vortex sensing technologies, develop and 
lemonstrate interdependent arrival, dep-, and surface tools to 
OaKimiZe throughput 

Dynamic spaeing/ronting based on weather/vortex 
Accelerate aFAST and enhance to include weatherlvatex 
constraints/oppoaunities for dramatic increase in capacity while 
maintaining safety 

Develop path planning tools that are compatible with FAST to 
aid the contrder in safely merging depamre traffic into 
en route streams 

Enhance FAST and EDP with capabilities to suppat reduced 
noise arrival and climhut roms 

Develop the autanation to assist in airpat-centric flow control 
for interdependent anivals and dep-s 

- Expedite departure path planner (EDP) 

Environmentally mmpatible operations 

Interdependent arrivdsnrface advisory system 

Key Issues: 

operations 
- Human/DST interaction for safety of 

Design for robustness 
Integration of mixed @page 
Aidgromd integration via data-link 

ated Airspace Decision Support Tools 

Develop fight deck and g a d  techndogies aimed at removal or duction 
of restrictions through collabaation between regionaulocal traffk 
management coordinators, sector contxollers, airline operations center 
personnel, and fight crew 

Activities 
Tinne-based schednliog for regionavloeal traffic now management 

Constrained Ahpace Tool 
Assist TMCs in making flow changes in congested sectors by techniqws 
such as dynamic re-sectorization, re-routing, and metering 

Distribute metering delays to Centers upstream of the flow constraint problem 
Regional Metering Tool 

Key Issues: Controller advisory tools for arhieviog flow mnfamance 
En route Spacing Tool 

Assist sector contrders trial-plan and execute cofict-free figk deck 
compatible trajectaies that efficiently confam to spacing restrictions 

Advise sector controllers on how to achieve conflict-free flow-rate 
confamame to spacing restrictions or mering times that are fight-deck 
compatible. Mixedequipage 

* Affecting fli$,s to meet flow rate in 
a way that minimizes impact on 
AOC and is compatible with aircraft 
perfamame and crew pmedures 

En route Descent Advisor 

Direct-To Tool integrated with TFM tools Integratim with complementary 
Ensure c o m ~ c e  of Dkect-TO advisories with downstream TFM COnstrahltS decision 

en route flow control being 

organizations 

tools for CDM and 
ATUAOUFEght Deck Integration 

CQbbO~tiOn betWeen AOC, 1OCd flow COtltrd, Sector COlUI01kIS and developed by and 
flight deck as a function of @pa&% @%IS, data-link) 
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National Trafic Flow Management 

Objectives: 
Develop techndogies for planning NAS-wide TFM initiatives 
through collaboration between syaem command ceoter 
managers, r e g i d o c a l  aaffic management coordinators, and 
fight operations center personnel. 

Activities: 
Traffic Flow Automalion System 

TFAS will run multiple instances of CTAS to create a 'National' 
CTAS functionality. TEAS will pmvide aircraft prediction data 
to the FAA System Command Center's Enhanced T&IC 
Management System (EI'MS) to increase the reliabiity of 
ETMS Sector-Overloading and Monitor-Alert tools. 

System-level Traffic Re-routing Tool 
Antomation to assist SCC managers collaborate with AOC 
personoel to balance airspace demand across the NAS by 
implementing an appropiate mix of mffic re-muting and 
gromd delays at the national level. 

* National Traffic Flow System AnalysislAssessment 
Assess perfonnance of National Traffic Flow to identify primary 
factors that lead to delay, errant rerouting, effective strategies 

Key Issues: 
Accuracy in predicting traffic flavs in actual 
operations given fidelity in weather, aircraft 
perfamance and intent information 

* Optimizing system-level peIform;ure while 
allowing airspace users to manage their fleet 

Shared awareness behveen all parties 

Integratim of weather prediction capabilities 

suppoa tools for CDM and National Traffic 
Flow Management being developed by FAA 
and companion organizations 

Integratim with complemenkuy decision 

ATMIT 
Objective: 

Develop requirements 

weather researc 
ATM Decision 

This team will identify, instigate and coordinate cooperative 

Activities: 

weather research that s~N~sATIWTFM weather infkation 
needs. By utilizing small, targeted research investments, 
innovative solutions can be developed for a wide variety of 
ATIWTFM prediction needs. Potential research includes: 

- Definition of ATMiTFM Relevant Weather Mormation 
Validation ATMfI'FM Weather Predictions 
Development of Prediction PmImbilityKJncertainty Models 

User Deviation ProbaLSlily &Impact Assessment/esfim&on of 
pilot willingness to peneh;lte bad weather and the impact on uaffic 
flows. 

for ATM Application 

Key Issues: 
Enables Revolutionary Advances 

By utilizing expea knowledge in both ATM 
and meteordogy, new and innovative 
solutions can be identified and developed. 

NASA can steer or expand the scope of 
research perfumed in the meteorology 
community to address ATM needs for a 
fraction of the cost of doing in-house research. 
(A strategy successfully used by NASA's 
'Wind Research Team.") 

Highly Leveraged Investment 
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Runway Independent Aimaft Operations 
Objectives: 
* Develop cechnolo&s & criteria database that d k  

- Enable simuliawms mn-interlering (SNI) AIC ope 
- Mow V/STOL nircnff to operate at airporn mder Cat IIIA 
- Estsblisb ~ Q S  reqpiremtmts for falure powered lift AIC 

Activities: 
SNlCrhbDat&aseDevelqmmt - Adverse weather I low noise ops 
ATMIAireraffSystemsIntegration - HumancenteredcOekpit - ATMtwls 
V/STOL AIC Performance I Airspace Rquiremenis Database 

* DBaonshtltions 

opsconeept 

Benefits: 

* Aviation Syitem throughput increase & delay reduftion 
* Airspace safety & reliability improvanent 

National mobility & accediility 5mxea.d 

A i r t r s f f i e p p w t h ~ u t ~ a i r p o r n  

- Vehidg llse unused & m d e r d i m d  space - 

Future Air Transportation System - 
Foundorions forthe future 

Program Integration 
System-Level Operations Concepts SysrcmLevelDefinilion 

Tomorrow’s System - ATM system level defintionl/desigo 
-Design for iotegitylreliabilitylgacelitl degradation -Alignwith FAA/mc&s!ry 

Concept of opera[ions 
The hbme Air Tramportation Vision 

Coordimte with FAA and industry 
- Functional definition 
- Architectural implications 
-Interfaces with local 

transpartation 
System-Level S i a t i o n  

-ATM automation 
-CNS and System Architecaue(safcw~ardware) 
-AirpoR/constrained airspace technologies 
-Integration of all vehicle classes 

Tomorrow’s ATM System - Technologies for Tomonow 

- Human-system m&hg and undemmc6ng Full vehicle-clars mvemge 
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The Future Air Transportation System 
Notional - Concept of Operations Does not Exist 

Technology Challenges 
Candidate Brealdhrauph Conceuts 

ATMautomation 
-Biminate sector-based control of traffic 

-Elevate controller to system-level manager 
-Remove controller from tactical control of traffic - Automated conflict detection and resdution 

-Real-time system -wide optimization 
hobabiktic decisiol making 
-Integration of airspace resources 
-Planning over continwm of time horizom The Future Air 

-Human interactive model-based monitoring and goal setting 
New technologies for quantum leaps in capacity/&oughput 

- Airports 
-Weather 

Infrastructmeconcepts 

Svstem Level Def~ t ion  
Functions, architecture, intehces with local 

transportaticn 
* Design to allow for sub-system failuie 

-Levels of automation for system 
planningkpdon assurance 

- Groud based 
- Ai&ome based 1 - Transitionfromtoday 

Validate thou& svstem level simulation 

Full vehicle class coverage 
Methodologies and Understanding 

Systems analysis and simulation methods 
* Human System Modeling and Understanding 

Tomomw’s technologies provide the building blocks 
0 Information systems tecln~ologies provide the. mom 

(Ammated rearoolnk hunan cawed caqmhn& imelligeut &a 

System Level Defiition 

- 
Functions, interface with local 
transportation 

Design to allow slb-system failure 

Transition from today 

vaIidatethroughsystanlevdSimolation , 

Methoddogies and Understandmg 
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The Future Air Transportation System 
System-level Definition 

Key Issues: 
Very complex and heterogeneous 
environment to visualize 
Very difficult task to build a 
consensus 
System level modeling lacks 
credibility 

* Implications on the human operator 
of novel approaches is difficult to 
assess 

Objective: 
Identify and assess overall operations concepts/system designs 
for Unified Airspace System and integrate with concepts from 
the elements. 

Activities: 
ATM System Level DefinitionDesign 
- Identify and further develop system-level operations 

concepts 
- Define overall architectural designs satisfying the 

operational concepts 
- Assess candidate operations concepts through systems 

analysis and modeling 
- Define interfaces with other transpoaation entities 

Design for reliability/integrity/ gracefid degradation 
- Conduct failure modes and affect analysis 
- Investigate model-based reasoning tools and other methods 

for system monitoiing/warning 
- Conduct analysis and simulation to validate system 

robustness to failure 
Transition from today 
Validation with high-fidelity, human-in-the-loop simulation 

rhe Future Air Transportation System 
Breakthrough Concepts &Tec 
Objective: 
Conduct exploratory research to identify 
novel concepts and technologies for 
enabling the unified airspace vision 

Activities (Candidates): 
* ATM Automation Concepts 

- Real-time system wide optimization 
- Eliminate sector-based control of traffic 

:bo14 

-Elevate controller to system-level manager 
-Automated conflict detection and resolution 

Human interactive model-based monitoring and 
goal sening 

- 

New technologies for capacity/througbput 
- Airports 
- Weather 
Infrastructure Concepts 
- CNS technologies 
- Architecturdsoftware 

(Space operations, unmanned air vehicles) 
Integration with all Vehicle Classes 

Key Issues: 
Acceptance of major paradigm shifts 

Modeling benefits and safety of 

Future vision continually changes with new 

Transition path to implement revolutionary 

revolutionary concepts 

technologies and societal needs 

changes 
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ATM Automation Concepts 

Objective: 
Develop advanced ATM concepts and human automarion 
technologies to enable major increases in the NAS capacity 

Activities: 
Real-time system-wide optimization 

Innovative ATM processes to meet real-time 
market demand 

e Integrated planning across across all the NAS 
timeframes 

Automated aircraft separation while meeting flow 
control constraints 

Key Issues: 
Human role in automated systems 
Reliability, robustness and failure 
handling of automated systems 

Eliminate sector-based control of traffic 

Interactive model-based monitoring and goal setting 
Human role in direction of automated ATM/C 
systems 

* Monitoring state of automated systems 

Quantum Leaps in CapacityBhroughput 
Objective 
Develop advanced concepts and technologies to enable 
quantum leaps in tbroughplt at airports and in enroute 
weather 

Activities 
0 Airport operations 

* Meta-airport operations 
Closely spaced aircraft take-off and landing 

* Dynamically reconfigurable runway location 
Automated Zero-visibiiiCy surface movement 
Dynamic virtual ramp and control towers Kev Issues 
Auportrobotics 
Non-towered airport automation to support high- 
density operations 

Accuracy and confidence of weather 

* System reliability and safety of 

Wake vortex prediction system 

prediction 

closely spaced aircraft operations 

accuracy and confidence 

* Weather Operations 
* Coupling of weather prediction with A N .  

* Precise aircraft movement around weather cells 

Accurate airport runway/airspace 
in enroute airspace 

r-n 
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Infrastructure Concepts 
Objectives 

Develop concepts for high-capacity, integrated 
communicationshavigatiodsurveillance 
infrastructure for gathering and disseminating 
information in the air and on the ground to support 
highly-automated air traffic management. 

Activities SURFACE 

- Derive requirements for fi~ture air traffic 
management information flow - quantity, 
accuracy, integrity, reliability. 

- Develop and assess c d d a t e  architectures 
for a highly integrated global aviation 
system information infrastructure. 

- Validate infrastructure concepts through 
high fidelity simulations. 

- Develop and demonstrate key technologies. 
- A quantum leap in information flow is required. 
- Information accuracy, integrity, reliability, and 

security must be sufficient to support complex, 
highly integrated global systems. 

- Global standards and interfaces axe required. 
- Transition from current to future infrastructure is a 

major impediment. 

The Future Air Transportation System 
Methodologies and Understanding 

Key Issues: 
Design for robustness and safety 
Analysis methods for human- 
directed automated systems 

* Human role in highly automated 
systems 

Objective: 
Develop the methods and fundamental 
understanding needed to support systems analysis 
and design of future unified airspace operations 
Activities: 
* Novel methodologies and design tools 

* Advanced systems analysis, design and 
simulation methods 

Total system models for systems analysis 
Analytic metfiods for hybrid systems 
Simulation methods 
Common trajectory models 

* Human System Modeling and Understanding 
Computational models of human teams 

Mathematical models of humadsystem 
Human interaction with distributed systems 

performance 
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Products 
Tomorrow’s System Future System 

Fwndatiow by 2007 for Future System Tachnofogies by 2007 for Tomorrow’s System 

Progression Towards the Future 

Aviation System Technology Advanced Research - AvSTAR 

capacityhhwghpnt and seamless operations acmss all airspace 
Development of core component techdogies for quaawn improvements in 

- Development and integration of active air haffic managemnt automation tools with 

- Breakthrough air traffic management concew beyond today‘s Free-Flight Program 
Development of a visual airspace simulation envhnment f a  testing advanced collcepts 
Evaluation of advanced air trati6c management concepts 

advanced technologies (wake vatex sensor system, ADS-B, weather) 

I I 
Small Aireraff Transportation System - SATS 

aanspoaatiao system to non-towered airpons 
- Airborne technologies for ~volutiomry personalized 

Fit generation technologies for early capcity increases 
- Passive conmUermC automation decision aids 

Concept exploration for disaihrted air/gnmd traffic 
management 
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