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The 737 AEW&C aircraft generates
360 kilowatts of electrical power to
operate the MESA radar. In addition,
the aircraft can carry radar antennas
that are very large, approximately 
6 x 18 feet for the side-looking antennas
and 5 x 25 feet for the forward- and
aft- looking antennas. This antenna
size, plus the radar power, enable 
the AEW&C aircraft to survey 
great distances. 

The MESA radar antennas are
housed in a dorsal structure mounted
on top of the fuselage. There are two
back-to-back sideward looking arrays
and a third antenna—called the “top
hat” and positioned high in the dorsal
fin—that looks front and back. These
full coverage arrays, along with their
component electronically steered T/R
modules, enable MESA system operators
to focus radar time and energy on the
areas more likely to include hostile 
targets while simultaneously monitoring
low threat areas with less radar energy. 

Another major AESA surveillance
system being designed and developed
by Northrop Grumman is the 
next-generation radar for the Global
Hawk and the E-10 aircraft. The design
utilizes technology advances from
development work on tactical aircraft
for these surveillance platforms. 
The AESA system design allows for
scalable antenna lengths to increase
power and bandwidth. The array
length for the Global Hawk is five
feet—and more than 20 feet for 
the E-10, enabling both aircraft to 
concurrently provide the modes of 
synthetic aperture radar and ground
moving target indication. The system
will provide greatly improved 
air-to-ground capability and will also
add air-to-air surveillance. The E-10
will have the ability to detect cruise 
missiles at tactically significant ranges.

Targeting
The great range and exceptional agility
that make AESA systems so well suited
to the early warning mission also figure
importantly in their effectiveness as 
fire control radars for fighter aircraft.
An additional strength enhances 
fighter operations: the ability to
achieve high-resolution imagery for 
air-to-ground targeting. AESA fighter
radars, because they use X-band 
frequencies and synthetic aperture 
processing, are capable of such 
“targeting-quality” resolution. This is
not the case for the AEW&C MESA
radar: it uses lower, L-band frequencies,
settling for lower resolution in order to
achieve long range detection with less
disruption from bad weather. 

AESA fire control radars being
built for fighter aircraft include
Northrop Grumman’s AN/APG-77 for
the F-22, AN/APG-81 for the F-35,
and AN/APG-80 for the F-16E/F
Block 60 Falcon. Northrop Grumman
is now inserting its fourth-generation
AESA technology into the F-22’s lot 5
of production—so this aircraft will
have a radar that is highly common
with that of the F-35. 

The four AESA radars for U.S.
fighter aircraft are in various stages 
of production, integration or testing.
Those for the F-16 Block 60 and 
the F-22 are both operational, with 

production ongoing, while the F-35
and F/A-18E/F AESAs are still in 
pre-operational stages of construction
or upgrading. 

AESA radars also are being 
developed for the three latest European
fighters—Sweden’s JAS-39 Gripen, 
the Eurofighter Typhoon and France’s
Rafale. However, they are not expected
to be ready until the next decade. 

The AESA fire control radar 
provides fighter pilots with a number
of new or greatly improved capabilities.

To begin with, pilots will have
much greater functionality in air-to-air
combat, being able to track and engage
multiple threat aircraft. 

The scanning movement of 
traditional mechanical radars limited
the frequency of target updates the
pilot could receive. To get a consistent
enough picture to shoot a weapon, a
pilot confronting several threats had 
to choose just one of the targets and
focus all the radar’s energy on it. 

However, the AESA radar changes
this situation completely: because its
agile beams move around so quickly, it
can support the shooter by maintaining
good quality tracks on multiple 
targets. In addition, the radar system
automatically establishes tracking 
files for each detected target, reducing
pilot workload. 

with programmable waveforms; a very
high-speed commercial-off-the-shelf-
based common integrated sensor
processor; and an advanced resource
manager able to control the radar
assets—array, receiver, waveform 
generator—to support a diversity 
of missions. 

AESA’s solid-state technology 
and elimination of mechanical moving
parts will enable the radar to far 
surpass current standards for systems
reliability. The radar system also 
features a “replaceable assemblies”
design for faster, easier repairs or
upgrades to hardware and software
modules. For these reasons, AESA 
life-cycle costs are expected to be 
significantly lower than those of MSAs.
The active arrays on the F-22 and F-35
should have almost twice the expected
life of the airframe. 

Among the diverse military 
activities likely to be major beneficiaries
of AESA capabilities, four are especially
important: surveillance, fighter aircraft
fire control/targeting, electronic warfare
and high-data-rate communications.

Surveillance Systems
Northrop Grumman, which has 
been designing and manufacturing 
airborne radar systems longer than any
other company, became the world
leader in airborne electronic scanning
surveillance systems with the fielding
of radars for the E-3 AWACS and 
the Joint STARS platform in the 
70s and 80s.

With the six AESA surveillance
radars it is now producing for
Australia’s Wedgetail aircraft, the
company has set a new standard for
AEW&C capability. This 4th generation
Multi-role Electronically Scanned
Array (MESA), with its full 360 degree
electronic scan and long detection
range, delivers a wholly new level of
situational awareness, flexibility and
target update speed. The MESA 
radar is flying in the next-generation
737-700 series aircraft produced by
The Boeing Company. This advanced
AEW&C aircraft provides air-to-air 
coverage, air-to-surface coverage,
integrated identification friend or foe
(IFF), special track beams and focused
sector operation.

The MESA radar hardware is 
currently in production and the system
is completing integration and test.
Four MESA-Boeing systems are also
being produced for Turkey. In addition,
Boeing and Northrop Grumman have
proposed the AEW&C system for the
Republic of South Korea’s E-X early
warning aircraft program.

The AEW&C aircraft is a 
high-value, stand-off system. It normally
orbits far enough behind the forward
edge of battle to remain in low-threat
and friendly areas. Future advanced
surface-to-air missiles will force the
AEW&C to operate even farther back
from the battle lines. To support 
offensive counter air missions, the
AEW&C must be capable of detecting
and tracking targets well past the battle
lines into high threat areas. As a result,
very long range radar detection is
imperative for an airborne early 
warning radar system to function 
effectively in discerning enemy fighters,
cruise missiles and future low cross 
section threats. 
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The Wedgetail’s MESA 
system, mounted atop 
the fuselage to provide
360-degree coverage, can
shift instantaneously among
a variety of surveillance 
patterns, as shown at right.
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http://www.es.northropgrumman.com/solutions/737aewc/
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The radar also incorporates 
frequency hopping and other processing
parameters that create a “low probability
of intercept.” Thus, the AESA radar
can detect an enemy aircraft without
that target’s electronic warning systems
becoming aware it is being scanned.

With an electronic beam that can
look in different directions more than a
thousand times per second, AESAs, in
addition to tracking multiple airborne
targets, can also carry out an entire
range of tasks. For example, the radar
can simultaneously perform air-to-air
search-and-track, air-to-ground 
targeting, and aircraft terrain following.

AESA radars will also provide
fighter pilots with much greater 
detection range than predecessor radars
could offer. Because the power of 
transmission is now in the antenna,
AESAs have three to four times the
output energy of traditional mechanically
scanned radars. This improved capability
makes it possible, for the first time, to
provide fire control that fully supports
long range weapons like Advanced
Medium-Range Air-to-Air Missile—
giving these weapons the guidance
they need to attack targets at their 
own maximum ranges.

Furthermore, AESA’s longer
detection range enables it to spot and
track small and stealthy cruise missiles
at distances great enough for an aircraft’s
defending missiles to hit them before
they can reach their targets.

AESA radars’ synthetic aperture
mode gives them another important
advantage: they will have as much as 

5 times the air-to-ground resolution 
of predecessor radars. Thus fighter 
aircraft radars will, for the first time,
be capable of very accurate all-weather
targeting for air-launched Global
Positioning System-assisted weapons
like the Joint Direct Attack Munition
and Joint Standoff Weapon. 

In fact, fighter pilots will now, on
the strength of their radars alone, be
self-sufficient in prosecuting targets.
Previously, if they were not equipped
with auxiliary infrared targeting pods,
pilots had to do target planning before
takeoff, or have the objective and its
coordinates passed to them en route.
Their fire control radars were simply
not accurate enough to designate a 
hit point on the ground. But now an
AESA-equipped aircraft can develop
coordinates for a target of opportunity,
pass the data to its own weapon and
destroy the target. No external help 
is needed.

As a recent Northrop Grumman
Analysis Center study points out
[Command and Control Arrangements
for the Attack of Time-Sensitive Targets;
www.analysiscenter.northropgrumman.com],
of the various ways in which the sensor,
decider and shooter elements can be
integrated by battle management in a
network centric warfighting operation,
this approach in which a single 
platform has both the authorization
and capability to handle all three 
functions is the simplest, fastest 
and, therefore, often the best for 
time-sensitive targeting.

Finally, an AESA-equipped aircraft
can use the radar’s agility and acuity to
rapidly develop targets for non-AESA
equipped aircraft—for example, when
working with multiple warplanes 
to identify, target and destroy the 
enemy’s integrated air defense system
at the beginning of a conflict. Such 
collaborative operations can be made
even faster and more accurate by
planned future enhancements for fighter
aircraft targeting systems—for instance,
improved synthetic aperture radar;
automatic target detection/cueing, 
better access to geo-location tools like
Northrop Grumman’s RainStorm 
and, of course, more high-bandwidth
data links. 

In future network centric 
operations, AESA’s ability to provide
this kind of force multiplication will
be extendable to any platform on the
evolving Global Information Grid.

Electronic Warfare
Because AESA radars have high power,
speed and sensitivity, they are also 
ideal tools for electronic warfare.
Threat jamming, protection and 
countermeasures can be an integral 
part of the AESA mission suite, rather
than a separate system provided by 
the host platform. Because of the 
high bandwidth, rapid scanning and
response times of the AESA, electronic
warfare modes become a natural 
aspect of Northrop Grumman’s 
multifunctional architectures.

Communications
The multimission AESA can make 
key contributions in another role as
well. In September 2005, a team 
comprised of Northrop Grumman, 
L-3 Communications and Lockheed
Martin Corporation, after a two year
internal research and development
effort, successfully demonstrated an
innovative use of AESA radars for
high-bandwidth communications. 

The team transmitted and received
high-data-rate communications signals
over the air using an AN/APG-77
radar aperture and a common data link
modem that L-3 had created in 
connection with its development work
for the U-2 spy plane program. Tests
proved that the modem-equipped AESA
can deliver long distance line-of-sight
communications for both air-to-air and
ground-to-ground applications. 

Researchers demonstrated the
transfer of a 72 megabyte synthetic
aperture radar image in 3.5 seconds 
at a data rate of 274 megabytes per 
second (mbps). By comparison, the
transfer would take 48 minutes on
today’s standard Link 16. Company

researchers ultimately demonstrated
laboratory transmission rates of 548
mbps using the F-22 radar array—and
received data rates of up to 1 gigabyte
per second. 

“Normally, you would equip a
platform with a directional aperture
that enables you to download your 
data rapidly,” says Joe Ensor, vice 
president, Combat Avionic Systems,
Northrop Grumman’s Electronic
Systems sector. “But here, with the F-22
AESA, we already had a great aperture
onboard—so it made sense to try to 
use that to get very high-capability
communications off the aircraft.”

The effort has been successful
enough to attract the interest of U.S.
Air Force Air Combat Command, and
the company hopes eventually to turn
its internal initiative into an Air Force
or Navy contract. 

So, it may not be long before 
new-generation fighters will be able 
to use their AESA radars not only to
collect sizeable amounts of intelligence
and targeting data, but also to 
communicate those hefty packages of
information around the battlefield in 

seconds instead of the tens of minutes
required by current data links.

While the AESA radar has many
remarkable capabilities, perhaps the
most striking is that most directly
associated with its array of T/R 
modules, its ability to perform 
multiple tasks simultaneously as 
well as to shift at almost the speed 
of light from task to task. 

This ability to be everywhere at
once or move rapidly between modes
makes AESA, more than any other 
sensor, the apt partner for the other
speed-of-light defense systems now
being developed—directed energy
strike systems, or command and 
control systems that make actionable
intelligence instantly available to
forces, even those on the move,
throughout the battlespace (see 
articles beginning pp.8 and 22).

Because they fit so naturally into
the most futuristic sensor-decider-shooter
triads conceivable, AESA radars are 
certain to be at the heart America’s
warfighting vision for many years 
to come.�
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Multiple Targeting Capability
Traditional mechanical radars
are limited to tracking one 
target at a time; AESA radars,
in contrast, can track multiple
targets simultaneously.

The Global Hawk will carry an 
AESA system with an array length of
five feet, concurrently providing the
modes of synthetic aperture radar
and ground moving target indication.
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