
For years the world’s aviation authorities
have been preparing for the transition to a
re-imagined operating environment where
an array of new technologies–placed on the
ground, in space and in the cockpit–can be
applied to the daunting task of funneling
thousands more airplanes from departure
to destination each day without encounter-
ing the choke points that inevitably would
arise from using a global navigation infra-
structure developed when DC-4s and
Super Constellations ruled the skies.

The FAA and Eurocontrol predict a dou-
bling of air traffic in the U.S. and Europe in
the next 15 years, this in spite of the brief
hiccup triggered by the current economic
slowdown. To cope with such a dramatic
rise in flight movements, planners in the
U.S. have begun crafting the Next Genera-
tion Air Transportation System, more
commonly referred to as NextGen. In
Europe a parallel effort is called Sesar, for
Single European Sky ATM Research Pro-
gram. Both of these initiatives seek to use
21st-century technology to move airplanes
as efficiently and safely as possible while
minimizing the environmental impact of
packing ever more flights into already
crowded airspace.

Today, delays in the U.S. are estimated to
cost users $9 billion a year, according to the
government. “And that’s only going to grow
as we move into the future,” said Vicki Cox,
the FAA’s senior vice president of NextGen
operations and planning. “Some estimates
say that by 2025 delays could cost $22 bil-
lion a year.” What’s urgently needed, say
experts, is a way to maximize efficiency and
safety by leveraging the technologies that
already exist–but which so far have been
adopted by few operators–while also creat-
ing entirely new ones.

The good news: the FAA has laid out for
the next decade and beyond a rough road
map that offers a fairly clear picture of the
technologies that will matter most in the
NextGen era. The bad news: the roadmap
can be redrawn at any time (if, for example,
a better technology comes along to super-
sede one already in use). What’s more,
some end users will be skeptical about
equipping their aircraft with new technol-
ogy unless they absolutely must. Equipage
incentives will help move NextGen and
Sesar along, as will development programs
by avionics makers and infrastructure
designers, without whom future nav cannot
emerge much less flourish.

One of the key components of NextGen
is a satellite-based technology called auto-
matic dependent surveillance-broadcast
(ADS-B). ADS-B offers broader coverage
and is more precise than surveillance radar.

It allows for greater capacity by separating
airplanes more efficiently. The technology 
is already in use at the UPS hub in
Louisville, Ky., where airplanes have been
equipped with onboard avionics from Avia-
tion Communications and Surveillance
Systems, a Phoenix company that has posi-
tioned itself at the forefront of ADS-B
technology development.

ADS-B is also being installed in Miami
and Philadelphia to supplement coverage
along the East Coast. By 2013 ADS-B cover-
age will blanket the entire U.S. above 1,800
feet agl, giving controllers a better overall air
traffic picture and eventually providing pilots
of properly equipped aircraft detailed infor-
mation about other ADS-B-capable targets.

In the Gulf of Mexico, where radar coverage
is unavailable, ADS-B is being installed to
allow thousands of helicopters to operate
more safely among oil rigs.

Some NextGen benefits are already
being realized. Today aircraft fly satnav-
based Rnav procedures, including Rnav
Waas/LPV approaches, which use onboard
avionics to allow pilots to navigate more
precise paths to lower minimums than are
available flying nonprecision procedures.
Required navigation performance (RNP)
builds on Rnav by letting pilots benefit
from even more precise navigation, includ-
ing curved pathways and more closely
spaced approaches. Special AR (approval
required) RNP procedures can be tailored
for a specific runway. 

Weather also plays a role in reducing air
traffic capacity, accounting for 70 percent of
all flight delays, according to the FAA. Data
communications and network-enabled
weather will allow better coordination to
resolve critical weather issues using a
shared, common picture. Combining
advanced traffic-flow management tools
with readily accessible weather information
can reduce delays and increase capacity.
Controllers and pilots will have access to the
same weather information, further aiding in
tactical and strategic decision-making.

On the ground, ASDE-X technology
provides conflict alerts to controllers if an
airplane, for example, rolls through a
hold line. In the future, surface manage-
ment systems in the cockpit will give
pilots a bird’s-eye view of all runways,
taxiways, ramp areas and ground targets,
including vehicles such as baggage carts
and fuel trucks. Just as important as the
technology in the cockpit will be infra-
structure improvements at airports, such
as runway status lights (a currently avail-
able technology) that tell the pilot
whether the runway is clear.

A FLIGHT INTO THE FUTURE

The previous generation of navigation
technology restricted aircraft to the
equivalent of a one-lane highway for a
given route. NextGen adds more lanes to
help smooth the flow of traffic and elimi-
nate bottlenecks that can spawn airport
delays. To better understand how the
NextGen puzzle pieces will fit together to
change the way pilots fly, it’s useful first
to look at how a flight is conducted with
the current ATC structure. 

Let’s say we’re taking a team of phar-
maceutical company executives from
Teterboro, N.J., to Van Nuys, Calif., in a
Gulfstream V. We start out by getting the
current ATIS and talking to clearance
delivery, ground control and finally the
TEB tower for instruction on how to taxi,
take off and navigate. After takeoff a Tra-
con controller steers us through maneuvers
that require us to climb thousands of feet
while we travel about 100 ground miles
from the airport. Once we reach FL230, a
center controller directs us to climb to our
final cruising altitude at FL410. 

All across the country, our Gulfstream
follows other airplanes like cars on an
interstate highway. As with cars, the route
is dictated by what’s on the ground–even

though we’re flying on what are called air-
ways or jet routes. The airplane must pass
over radar fixes–generally not the most
efficient path. And every time we cross an
airspace boundary, we must switch fre-
quencies to a new controller, and then to
another–more than 25 times cross-country. 

Let’s say weather along our route forces
us farther north for a while. We’re not really
sure how far the controller is going to send
us out of our way or what sort of ripple
effect the weather is having on other flights.
When it’s time to descend, the controller
steps us down several thousand feet at a
time and moves us around to align with
other traffic on the way to the runway at Van
Nuys, perhaps giving us a single turn in a
holding pattern for spacing before handing
us over to the tower for landing clearance.

Now let’s look at the same flight flown in
a Gulfstream G700 (a fictional future
model). The improvements are noticeable as
soon as we start to taxi. The surface man-
agement map on the cockpit MFD shows us
a datalink routing to the departure runway, a
picture of all other airplanes on the ground
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The FAA and Eurocontrol are predicting a doubling of
air traffic in the next 15 years, a statistic that is
undoubtedly weighing on developers of new global
navigation technologies designed to move thousands
more airplanes each day safely and efficiently from
gate to gate or ramp to ramp. 

ACSS has developed ADS-B technology that can
provide a visual alert (shown in yellow) that another
aircraft is on short final for the same runway. If the
aircraft on final approach is also equipped with
ACSS’s SafeRoute, its crew would be similarly
alerted that an aircraft is in position on their
assigned runway, in this case Runway 9L at PHL.

The End of ‘Conga Lines’

Unquestionably, one major contributor
to today’s traffic delays is the “conga line”
waiting to enter the runway to take off.
Developments under way in ATC/ATM sur-
face traffic management are aimed at having
taxi clearances issued on a controlled
flow/release time basis. Similar to but more
exacting than Europe’s current slot times,
under NextGen an aircraft once released will
proceed to the runway and depart without
delay. Releases will also be tied to the air-
craft’s departure path and cruise level
requirements, and the release timing will
use an individual aircraft’s departure path
and cruise level requirements, and the
release timing will use an individual aircraft’s
known climb, speed and other characteris-
tics to allow it to reach its assigned cruise
altitude “slot” in the current airborne flow
efficiently and precisely. n
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and an assigned number indicating where
we are in the departure queue. We don’t
spend much time talking to TEB controllers,
but instead click menu buttons that simply
say “Accept” to enter the various routings
into the FMS, which controllers have sent to
the airplane via text message.

After takeoff, a pre-loaded RNP
departure routing quickly gets us out of
the busy lower-level airspace to FL410,
saving us time and fuel and rattling fewer
windows on the ground. Once en route,
Rnav, RNP and ADS-B allow us to fly
closer to other airplanes and on a direct
route that accounts for wind, weather and
traffic. The weather over the Midwest
that caused our previous flight to divert
more than 100 miles is easily circumnav-
igated thanks to collaborative planning
tools that accounted for the conditions
before we ever left the ground using an
FAA system called Swim (system-wide
information management).    

There are fewer radio handoffs thanks
to increased use of controller-pilot
datalink messaging. Instead of a gradual
step-down from cruise altitude, we fly a
single continuous descent to the numbers
calculated by the FMS. The more precise
arrival cuts time, fuel, noise and emis-
sions and makes holding patterns a relic.
As we line up for the destination runway,
our place in line has been planned hun-
dreds of miles in advance.

Like how that all sounds? It’s the
utopian vision; but it’s hard to say what the
reality will be. Traditionally, flying has
been based on the “first come, first served”
philosophy, which means–in theory, at
least–that in a mixed operation a Cessna
172 on approach has priority over a follow-
ing Airbus A380. True, it doesn’t usually
happen that way, but that’s the general idea.
Now, the FAA’s NextGen Task Force has

proposed introducing a new concept: “best
equipped, best served.” 

The FAA will almost certainly adopt
such an approach, slowly and selectively
at first, but we can expect that eventually
it will become an ICAO-endorsed world-
wide rule, invoked wherever traffic
densities warrant it.

In fact, the FAA adopted a form of the
concept in 2005 when it mandated reduced
vertical separation minimums (RVSM). If
you wanted to fly above 29,000, you invested
in the necessary equipment. If you didn’t,
you didn’t. So at some point in the future, the
admission fee for entry into what the task
force called “Metroplex” airspace–for exam-
ple New York or Los Angeles–will be the
cost of equipage to do so. 

The idea makes sense. With the fore-
cast doubling of aircraft movements by
2025, the future air traffic management
system will demand carriage of “per-
formance-based” equipment, such as
RNP, ADS-B, digital coms and other
advanced technologies to handle the vol-
ume in high-density airspace. 

What does “best equipped” mean? So
far, it hasn’t been defined officially, but we
can intuitively guess that newer business
jets and airliners will meet the highest stan-
dards, followed by their older cousins,
along with midsize corporate jets, com-
muters and the like, and with smaller GA
airplanes likely to be the least well
equipped. One possible yardstick that
could be applied to the best-served model
would be ICAO’s proposed required total
system performance (RTSP) concept,
which will set international capability stan-
dards in communications, navigation and
surveillance systems.  

THE END OF MANDATES? 

The task force’s report appears to sig-
nal the end of equipage mandates, which
have normally been the FAA’s preferred
way of moving ahead. Still, mandating
anything that could be applicable to the
still distant (and somewhat amorphous)
NextGen operating environment is a

tough call. Consequently, to determine
how best to bridge the gap between
today’s environment and that of NextGen,
the FAA took the unprecedented step of
asking the user community, via the task
force, for input, recognizing that users
could have a much clearer understanding
of their needs than FAA planners.

As it turned out, the task force saw
greatly expanded use of non-mandated
RNP and Rnav procedures as probably
the major benefit of NextGen, both from
operational and economic aspects. Inter-
estingly, there appeared to be little task
force enthusiasm for the FAA-mandated
ADS-B plan, the final rule for which is
currently planned for March 10 and calls
for user community compliance for ADS-
B OUT by Jan. 1, 2020. 

However, while industry observers
expect the rule to be issued unchanged,
some anticipate a future slackening of the
general aviation equipage mandate. This
is based on Eurocontrol’s ADS-B man-
date due to come into force on Jan. 1,
2015, which excludes all aircraft below
12,500 pounds that cruise at less than 250
knots. Other regulatory authorities are
expected to adopt Eurocontrol’s rules,
and the FAA might feel pressure to fol-
low along in the interests of international
standardization.

The other problem with mandates lies
in their necessarily long implementation
lead times versus the extremely rapid
pace of technology development. Clearly,
anything built today to comply with a
2020 mandate will be approaching obso-
lescence by the time that date arrives.
This could particularly affect ADS-B
OUT, a technology that does little 
more for pilots than a standard transpon-
der–although, reportedly, it provides
better position accuracy to controllers,
but not enough to be able to reduce sepa-
ration standards. 

By 2020, however, ADS-B IN, which
provides inestimable value to pilots in pro-
viding them with the position of other
aircraft, will likely cost no more, and by
then perhaps even less, than the OUT units.
Similarly, general aviation universal access
transceiver ADS-B units could possibly be
superseded at some point in the future due
to their slow data rates in receiving weather
information–a key NextGen goal.

THE END OF RADAR, TOO?

It is generally accepted that today’s sec-
ondary surveillance radar (SSR), based on
technology developed during World War
II, is nearing the end of its technology

lifespan. Its replacement is expected to be
multilateration, or MLat, which is less
expensive, more accurate and less opera-
tionally constrained. Some observers
argue that MLat, using basic transponder
data, can provide essentially the same data
to ARTCCs as the FAA’s ADS-B ground
station network across the NAS, and that
the data, when converted to ADS-B for-
mats, could be uplinked to ADS-B IN

users in the same way as ADS-B OUT mes-
sages are currently. MLat is also ADS-B
compatible by design, and its flexibility
allows it to accurately triangulate on
transponder, ADS-B, military IFF and
other aircraft transmissions.  

Yet while MLat is still, by radar stan-
dards, in its development infancy, it is
already seeing wide acceptance as an alter-
native to SSR in Canada, Europe, Asia,
Australia, New Zealand and South Africa.
Consequently, it is likely SSRs gradually
will be replaced worldwide by transpon-
der/ADS-B-compatible MLat.

THE ILS REPLACEMENT QUESTION

ILS, designed in the 1940s and progres-
sively improved in the decades since, has
proved to be one of aviation’s most endur-
ing precision landing systems. What’s
more, there is at present no system that can
replace the ILS in its Category II and Cate-
gory III roles, which are essential to
corporate and airline operators worldwide.
For this reason, ILS seems likely to con-
tinue in operation worldwide well beyond
2020, although the numbers of Category I
installation will probably decline earlier
than that, albeit at a measured pace.

Eventually Category II and III ILS is
likely to be replaced either by the GPS
ground-based augmentation systems
(GBAS)–known in the U.S. as the local
area augmentation systems (Laas)–or by an
onboard hybrid GBAS/IRS/FMS avionics
package. Or perhaps both. But neither
development is close to certification: at a
recent ATC conference, industry and FAA
officials, speaking off the record, told AIN
that these techniques would see certifica-
tion no sooner than 2015. 

Category I ILS is expected to be replaced
sooner and, interestingly, by either of two
different GPS applications. One of these is a
lower-performance version of GBAS/Laas
mentioned above, while the other uses 
the space-based augmentation system 
(SBAS), aka Waas. The difference between
GBAS/Laas and SBAS/Waas is rather sub-
tle. GBAS/Laas uses several airport-based
GPS monitor receivers, which pass their raw
data to a computer that calculates the local
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Rockwell Collins is
developing a surface
management system that
will leverage several
NextGen technologies to
improve safety on the
ground. ADS-B will be used
to show the location of
other aircraft and ground
vehicles while the
assigned runway will be
boxed in cyan with arrows
clearly indicating the
direction of takeoff.

RNP is making it possible to develop complex pathways through the sky like this Rnav approach to Palm
Springs, Calif., which incorporates a gently curving descent that aligns the airplane with a runway that cannot
accommodate a straight-in instrument approach because of the terrain. 
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GPS errors and then transmits
appropriate accuracy corrections
over a VHF link to approaching
aircraft, where they are applied 
to the onboard GPS receiver.
SBAS/Waas uses a nationwide
monitor network whose raw data
signals go to two regional master
stations, where the corrections are
beamed up to two geostationary
satellites in a 23,000-mile-high
orbit, and from which they are
retransmitted down directly to
user GPS receivers on the GPS
frequency, removing the need
for costly airport area monitor-
ing networks. 

GBAS was developed during
the time when it was believed
Waas would be unable to meet
Category I criteria, but this is no
longer the case, and both systems
now support 200-foot Category I
equivalent operation. Indeed,
technical experts report that
Waas now meets most Category
II accuracy and integrity stan-
dards, save for the required
two-second time to alarm in the
case of failure–although they
suggest that this problem can be
overcome with a future Waas
conversion to dual-frequency
operation. They also point out
that Category I equivalent
SBAS/Waas is expected to
spread rapidly as foreign Waas-
type coverage–from Europe’s
Egnos, Russia’s Glonass, India’s
Gagan, China’s Compass and
Japan’s MSAS–becomes wide-

spread internationally between
now and 2015.

4-D TRAJECTORY OPERATIONS

In theory 4-D capability
(where the fourth dimension is the
time element) is available today. It
was successfully simulated in
Eurocontrol trials several years
ago. One result was that con-
trollers could handle much more

traffic than was the case with con-
ventional flows, and fewer en
route conflicts arose. Concept
advocates point out that to work
most efficiently, 4-D trajectories
should be gate-to-gate, or chock-
to-chock, continuums that include
taxiing out and in. Preceded in the
NAS by high-accuracy GNSS-
based required time of arrival
(RTA) procedures for continuous

descent approaches (CDA), 4-D
trajectory flight plans supported
by advanced versions of the FAA’s
computer-based user request eval-
uation tool (URET) should be in
wide use in North America and
Europe by the early 2020s.

It’s probably a safe bet that
NextGen will become a reality
only after hitting some stumbling
blocks. Some of them could be

quite major, causing certain ele-
ments of the concept to be
delayed or even shelved. What is
certain is that new technologies
will be needed to accommodate
an expected two-fold increase in
air traffic. Even if only a portion
of NextGen technologies are
implemented, we should be well
on our way to meeting this 21st-
century challenge. o
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Lack of Concrete 
a Daunting Challenge

For all the talk about NextGen
and Sesar, a lack of concrete
could well be the most critical
future limitation to flight opera-
tions, yet it is one not seriously
addressed by either FAA or Euro-
pean planners. The potential
effect of the forecast doubling of
traffic by the mid-2020s is
understood by the airports com-
munity, but with little evidence so
far of firm construction commit-
ments in the U.S. or elsewhere. 

Yet putting up the massive
investment required to build the
additional runways and terminal
facilities (the latter of lesser
importance to corporate opera-
tors) to handle this increase could
be an enormous challenge, to say
nothing of the environmental
impact implications. Look for run-
ways of the future to be forced, by
outside public pressures, to be
held within current airport bound-
aries, where they will become
parallels to those existing today,
but very much closer than current
FAA rules allow. n


