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Introduction:  NextGen Has A Choice
In many ways, the national airspace system
(NAS) is like an ever changing, complex living
organism, dynamically changed by influences
both inside and outside the government.
Pressures to accommodate the needs of NAS
system users by adapting new technologies and
procedures into the airspace infrastructure have
been tempered by costs, bureaucratic inertia
and even politics.  Resolving the problem of
increasing congestion, delays, and limited
throughput continues to be a complex and
elusive goal.  Casting blame on any one
element of the NAS or NAS user is obviously
not constructive.  Neither is sowing non-
integrated technical solutions across the NAS
with the hope of accumulating numerous small
gains.  Such an approach only leads to
increased complexities, unmanageable
dynamics, and unjustifiable costs.

Every NAS improvement program of the past
30 years began with system level goals, but
evolved into a patchwork of technology
implementation programs.  It is time to return
to a true systematic approach to improving the
performance of the NAS.

One often overwhelming aspect of the problem
is that we have to keep the old systems and
procedures running while we implement the
new ones.  This need has driven a technology-
centric systems approach that is ill suited for a
system that is functionally driven.  Rather than
organize implementation around the typical
technology groupings of communication,
navigation and surveillance, we should focus
on designing integrated technology and
procedural aspects of air traffic management
segmented by functional flight phase.  At the
highest level, these functional areas are
separation and traffic flow management during
the flight phases of takeoff/departure, cruise,
approach/landing and surface operations.  From
this perspective it is easier to recognize where
developmental emphasis should focus.

The approach and landing phase of flight is,
and will continue to be, the bottleneck of NAS
throughput.  It is this phase of flight that has the
greatest variability throughout the day, and
proportionally affects all other functional areas.

What are the principal contributors to terminal
congestion?  Non-optimized flow control,
aircraft spacing requirements, and low visibility
landing and runway operations are a few that
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come to mind.  There exist today new advances
that address each of these constraints.  This
paper describes an integrated systems approach
for the approach and landing phase based on
demonstrated technologies in the areas of goal-
based aircraft self-merging and spacing; aircraft
wake detection and avoidance management;
and, enhanced flight vision category (cat) II
and cat IIIa approach, landing and taxi
operations.  Operational benefits of these
integrated technologies include improved
airspace capacity, increased runway acceptance
rates, more on-time flights, and reduced delays
and diversions.  Applying similar
methodologies for NAS modernization to
takeoff/departure and cruise flight phases could
also greatly simplify NAS modernization and
undoubtedly improve the evolution of the next
generation air transportation system (NextGen).

Capability Dr iven NextGen Architecture
“What is the operational priority for
implementation based on cost, benefits, and
risk?”  is the key question of a functionally
driven architecture.

The comprehensive NextGen implementation
plan overview [1], the implementation plan
solution set timelines [2] and the NextGen
concept of operations [3], organize eight key
capabilities or “ transformative activities”  in the
three domains: (a) airport development; (b) air
traffic operations; and, (c) aircraft & operator
requirements.  The air traffic operation domain
contains the bulk of the transformative
activities (solution sets).  They contain a
collection of programs, some of which have
been around since the previous NAS
improvement program.  Others are conceptual,
and a few others are mature technologies
waiting to be employed.  Nevertheless, these
documents do not address operational priority.

The extraordinarily detailed and complex
NextGen enterprise architecture [4]
functionally allocates every domain and
solution set activity to the NAS infrastructure

interdependencies, but also fails to address the
key question of operational priority.  There is
no doubt that NextGen’s key capabilities are
needed to transform the NAS; but which ones
hold the greatest potential for gain?

The stage is set once again for NextGen to
evolve into a patchwork of technology projects,
some of which may improve airspace capacity
and throughput, while others are unnecessary
and an expensive burden on the NAS.

Defining A Functionally Driven Architecture
NextGen’s air traffic operations domain should
be reorganized in to sub-domains based on
phases of flight, as illustrated in Figure 1.

Figure 1.  Functionally Dr iven NextGen
Architecture By Phases Of Flight

Reallocation of solution set programs and
technologies to particular phases of flight will
reveal interdependencies with bonds that are
more tightly associated with their functional
purpose.  Those projects and interdependency
technologies with the strongest bonds to the
functional phase of flight (mission success),
will have the highest priority.  Others will have
lower priorities, or will be removed altogether.

The FAA’s systems engineering approach [5]
would more effectively assess the investment
decision based on benefits and cost of
technologies associated with each sub-domain
and would establish implementation priorities.
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Phase Of Flight Domain Architecture
Phases of flight more accurately represent the
functional operations of the NAS.  Strong
interdependencies of airborne and ground-
based required capabilities are more readily
apparent and more easily defended.  More
importantly, phases of flight are directly
associated with measurable system
performance such as capacity, delay,
throughput, and cost.  This should set priorities
for R&D, demonstrations, implementation
schedule, and, of course, funding.

A high level notional example of a phase of
flight domain architecture is shown in Figure 2.
This model has been used many times and is
still valid.  It is generally accepted that
constraints to capacity and throughput are
highest in the approach and landing phases, and
less for departure and en route.  However, there
are exceptions to these rules.  Weather is the
biggest uncontrollable factor, as its ripple affect
of landing and departure delays at one airport
will impact other airports as well.

Figure 2.  Pr ior ity Architecture
Implementation By Phase Of Flight

A systematic approach toward implementation
of advanced technologies and procedures first
for the approach and landing phase of flight
could produce early success for the NAS and
cost savings to taxpayers and system users.
Key to this approach is the FAA’s systems
engineering and investment analysis process,

but it is only optimally achieved when using a
phase of flight domain architecture.

Implementing A Functionally Dr iven
Architecture
As a thought experiment, let us examine a
functionally driven architecture of technology
and procedural solutions for the approach and
landing phase of flight domain as seen in
Figure 3.  Three technology areas with
associated flight and ATC procedures are
discussed that may produce substantial
improvements to NAS capacity and safety.

Figure 3.  Example Architecture For  The
Approach And Landing Phase Of Flight

Goal-Based Aircraft Self-Merging And
Spacing
A number of factors affect today’s terminal
area delay and runway throughput
performance.  Among these are the speed
profile of aircraft during descent and the
achieved spacing between aircraft.  Even small
variations above legal spacing minima
accumulate to result in major reductions in
throughput.

Self-merging and spacing offers a potential
solution.  It represents a shift from controller-
based vectoring and speed control to aircraft-
based merging and spacing with ATC –
designated time or distance criteria.  This
concept, with flight trials performed by NASA,
FAA and UPS, is based on a principal that on-
board computer-generated speed guidance
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yields greater spacing precision than
conventional control techniques.  Given an
aircraft to follow and/or arrival time to a fix,
the pilot will make small adjustments to aircraft
course and speed to produce a precise spacing
interval.  Variability is then reduced and
airspace and runway capacity is increased.

Technology interdependencies include: ADS-B
for aircraft position determination; cockpit
moving map display with traffic (enhancements
are being evaluated); airline ATO tools for
generation of path and speed guidance (also in
trials); and data link communication of self-
merging and spacing goals to aircraft (exists
with need for minor enhancements).

Risk assessment is low for early demonstration
and implementation.

Aircraft Wake Detection And Avoidance
Management
Wake turbulence separation criteria applied by
ATC represent a major constraint to runway
throughput.  Normal advection of the vortices
below and away from the path of a following
aircraft negates the requirement for the added
separation applied by ATC, but no system is
presently installed to predict and confirm this
transport of the vortices.  FAA conducted
extensive measurements to approve reductions
in the separation of parallel wake independent
runways when crosswind strength is sufficient.
A more comprehensive wake vortex avoidance
system has been proposed to address the issue
in all airport operations and throughout the
terminal area.  Wherever separations less than
standard wake criteria are applied, wake vortex
behavior is predicted and compared to the flight
path projections of following aircraft.
Guidance is provided as necessary to resolve
any predicted intersections.  Real time vortex
monitoring is provided to validate the
predictions at the critical locations, which are
the stabilized approach point and the landing
and departure runway thresholds.  In the default
mode, standard radar separation is applied by

ATC among all aircraft which provides the
same capacity as if all aircraft were classified
as small.  If weather conditions will preclude
this, the system advises controllers whenever
wake separation will need to be applied.
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Figure 5.  Suggested Wake Avoidance
Management Demonstration At SDF

Technology interdependencies include: ADS-B
for accurate aircraft position tracking; weather
parameter measurement; wake vortex detection
system (existing); wake vortex prediction,
alerting and management system (prototype
trials); display integration for ATC; and,
alternatively, cockpit interface via electronic
flight bag and ground-air data link.

Risk assessment is low for early demonstration
and implementation.

Enhanced/Synthetic Vision CAT I I  And CAT
I I Ia Approach, Landing And Taxi Operations
Low visibility landing is the “ last mile”  for
increasing runway and taxiway utilization.
Current procedures permit descent to as low as
100 feet above touchdown for cat I approaches.
While these procedures open up many more
airports, there are still conditions that may
prevent completion of the approach.  Recent
technology advances in synthetic vision have
prompted the FAA and RTCA to draft
requirements for use of enhanced vision with
synthetic imagery [6].  Although no additional
landing credit is expected initially, improved
acuity of the landing area, taxi operations and
gate utilization could improve safety and
efficiency with enhanced/synthetic vision
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systems.  The largest constraint to utilization of
EFVS is equipage, as the high cost of head-up-
displays and sensors discourage fleet equipage.

The benefit-to-cost for air carriers would be
much more favorable with assured landing in
cat I, and with landing credits for cat II and IIIa
visibility conditions as well (the “holy grail” ).
Meteorological testing of ultraviolet (UV)
sensor technology in cat IIIa conditions for
enhanced flight vision system operations has
demonstrated the capability to exceed low
visibility obscuration by a factor of three times
that of approved infrared sensors [7, 8].
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Figure 6.  UV Sensor  Penetration Of 700-
Foot visibility Fog From 2,800 Feet At Otis

Weather  Test Facility

Technology interdependencies include:
integrity monitor for synthetic vision systems
(other than GPS); and, ultra-violet emitters
(exits with need for runway integration).

Risk assessment is medium for early
demonstration and implementation due to
expanded fleet equipage and federal approval
of operational credit.

Closing Remarks
A redirection of the NextGen architecture is
needed to assure implementation of
technologies and procedures with early and
large improvements to NAS capacity and
economic benefits.  A functional domain
architecture based on the phase of flight, with
emphasis on systems engineering and
investment analysis will avoid increased
complexities, unintended dynamics, and
unjustifiable costs.
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