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m Developing advanced sensing capabilities is a priority for the U.S. Department of Defense (DoD) to overcome the
targeting challenge for both strike and air and missile defense.

m Terrestrial sensors are a critical backbone for air and missile defense architectures, but they have inherent

limitations that present known vulnerabilities.

m Whether based on land, aerostats, aircraft, or in orbit, elevated sensors—each type of which has benefits and trade-

offs—can supplement targeting capabilities.

rom the Gulf War Scud hunts to today’s discussion

of targeting missiles “left of launch,” the challenge

of countering missile threats has been defined

by a competition of hiding and finding.* Prior to
launch, missiles can be dispersed and hidden in shelters
or otherwise camouflaged. After launch, modern missiles
can evade detection through a variety of means, including
speed, stealth, trajectory, and maneuverability through
terrain or around radar coverage. With air and missile
defense and strike capabilities alike, interceptors and
guided munitions are only as good as the sensors that tell
them where to go and what to kill.

During her Senate confirmation process, Deputy Secretary
of Defense Kathleen Hicks highlighted the role of

sensors for missile defense and defeat. “If confirmed,”

she wrote, the DoD “would assess ongoing efforts to
improve national missile defense, with a particular focus
on improving discrimination capabilities and sensors

for detection of both ballistic and hypersonic missiles.”
Sensors, discrimination, and network modernization

represent critical enablers for missile defense. Surveillance,
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tracking, and targeting capabilities also help strike
assets find and target adversary missiles on the ground.
When asked what one capability he would most like to
develop and field, General John Hyten, vice chairman of
the Joint Chiefs of Staff said, “overhead sensors that see
everything, characterize everything that goeson. ..
a missile perspective, all the time, everywhere.”® While
such an ambitious vision is unlikely to ever be realized, it
nevertheless points in the direction of how to fill gaps for
integrated air and missile defense.

from

These two sets of capabilities, strike and air and missile
defense, are especially complementary in today’s strategic
and threat environment. Overhead sensors can play a dual
role in cueing defensive intercepts and fixing locations

for counterattack, a concept termed offense-defense
integration.* Active air and missile defense cannot conclude
conflicts but can help set the stage for an advantageous
termination of hostilities. In the words of retired rear
admiral Archer Macy, the role of active air and missile
defense is “protection of critical assets, capabilities, own
and partner forces, and protected populations from damage
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caused by objects arriving in the atmosphere, regardless of
flight path type, altitude or velocity spectra, and to do so
long enough to end the air threat by other means.”

In order to target new generations of adversary ships,
missile batteries, and the missiles themselves, the U.S.
Joint Force should refocus its sensor architecture to include
a more diverse set of basing domains, with particular
emphasis on elevated platforms. The United States has
built an effective backbone of surface-based radars, but
evolving its sensor networks will require more distributed
and mobile platforms that can direct precision-guided
munitions over the horizon. Elevated sensors on a variety of
platforms can fill critical capability gaps, enhance the U.S.
sensor architecture, and make it more resilient to attack.

THE TERRESTRIAL BIAS

Today’s missile defense sensor architecture evolved in part
from the Cold War-era missile warning infrastructure.

For this and other reasons, it exhibits a bias toward large,
powerful surface-based radars.® To ensure strategic warning
of Soviet bomber or intercontinental ballistic missile (ICBM)
strikes, radars had to have enough power to cover large areas
and to operate continuously to deter a surprise first strike.

Elevated sensors on a variety of
platforms can fill critical capability gaps,
enhance the U.S. sensor architecture,
and make it more resilient to attacRk.

After the Cold War, policy and technology changes allowed
the growth of missile defense systems. In developing a
missile defense sensor architecture, the United States
initially built upon the existing surface-based radars. The
United States upgraded Early Warning Radars and Aegis
ships that could be adapted from air defense roles to ballistic
missile defense missions. As it accelerated the fielding of
these new systems, the Missile Defense Agency (MDA)
relied on surface-based radars, building systems such as the
AN/TPY-2 radar for the Terminal High Altitude Area Defense
(THAAD) system and the Sea-based X-band (SBX) radar
platform. In recent years, MDA has continued on this path,
moving to complete the Long Range Discrimination Radar in
2021 and working through siting issues for a potential land-
based radar in Hawaii. These terrestrial radars provide an
important foundation for ballistic missile defense through
persistent coverage of key areas and the power to perform
crucial functions such as discrimination.

Yet terrestrial platforms possess inherent limitations in
today’s more complex air and missile threat environment.
The curvature of the earth presents an inherent problem
for terrestrial radars, limiting their range against lower-
flying threats such as cruise missiles, which remain hidden
behind the horizon until they draw closer. Given their size
and cost, they are few in number. Their fixed locations
and energy emissions also make them potential targets. In
many cases, these radars provide critical sensor functions
for missile defense systems, so the effectiveness of the
system disintegrates quickly if they are attacked.”

As air and missile threats become more diverse and
maneuverable, a new type of sensor architecture is also
necessary. Adversaries have not only developed a wide
range of platforms for air and missile attack but have also
worked to structure complex attacks. Countering these
developments will require a sensor architecture rebalanced
across multiple domains to provide resilient sensing
options for both defensive systems and attack operations.

THE ADVANTAGE OF ELEVATION

One straightforward way to improve today’s air and missile
defense sensor architecture is to develop and deploy elevated
sensors, whether on fixed platforms, aircraft, or even as
payloads on satellites in space. Elevated sensors have at least
three advantages over existing terrestrial-based systems.
First, elevated sensors can detect ballistic, hypersonic, and
cruise missile and other aerial targets at greater range (Figure
1). If a target is flying at a 300-foot altitude, for instance, a
sensor 10 feet off the ground would have a range of about 25
nautical miles. A sensor in a tethered aerostat 10,000 feet off
the ground would have a range of 144 nautical miles, and a
high-altitude aircraft operating at 60,000 feet would have a
range of about 323 nautical miles.?

Extending the horizon is particularly critical for cruise
missile defense, countering unmanned aerial systems
(UASs), and hypersonic defense. Unlike ballistic

missiles, cruise missiles travel at lower altitudes and on
unpredictable flight paths, which may be outside the field
of view of terrestrial sensors. Figure 2 depicts how airborne
sensors can overcome these limitations using the example
of the Naval Integrated Fire Control-Counter Air (NIFC-
CA) concept. Elevated sensors increase the engagement
area by adding sensor coverage beyond the line of sight of
terrestrial radars and by looking out, or down, over other
terrain features that could obscure cruise missiles or small
UASs from view. Earlier detection, in turn, buys time for
dispersal, hardening, or other types of passive defense and
increases engagement time for active defenses.
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Figure 1: Relationship between Radar Height and Range
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Source: Congressional Budget Office, CSIS Missile Defense Project.

Second, elevation creates the opportunity to field a

more diverse architecture that leverages different
phenomenology—such as infrared or lasers. More diverse
sensing capabilities would allow the United States to detect
incoming missile threats more reliably. These alternative
data sources would also improve the ability of detection
and tracking algorithms to isolate missile tracks and
facilitate other missile defense operations.

Earlier detection, in turn, buys time
for dispersal, hardening, or other
types of passive defense and increases
engagement time for active defenses.

Finally, airborne sensors, by virtue of their smaller size

and mobility, may be easier to disaggregate, adding to their
survivability over static terrestrial systems. Fielding smaller
platforms in larger numbers could increase air and missile
defense architectures’ resilience by removing single points
of failure and complicating adversaries’ attempts to target
critical nodes. Certain aircraft may also be substantially
cheaper than additional terrestrial platforms, making them
easier to field and replace in large quantities.

To be sure, elevated sensors come with trade-offs and
limitations. More distributed sensor platforms require
stronger and more resilient network capabilities to send
their data where it is needed. Elevation can also reduce the
resolution and fidelity of that sensor due to size, weight,
and power limitations—which can, in turn, limit their
ability detect, classify, and track their targets.

Increasing fidelity often requires increasing the size of both
the sensor and the platform, affecting their procurement
and operational costs. Placing sensors on multi-mission
platforms can also create operational issues, with
commanders competing to use them for different missions.
Managing these trade-offs will require finding the right
mix of terrestrial and elevated platforms.

PLATFORM AND DOMAIN OPTIONS

Platforms for elevated sensors can be categorized into three
distinct types: elevated ground-based radars and tethered
aerostats; aircraft; and space-based satellites. Each carries
benefits and operational challenges.

TOWERS AND AEROSTATS

One option to leverage the advantages of elevation is to
place new sensor platforms on higher terrain, such as
large hills or mountains, or on aerostats—lighter-than-air
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Figure 2: Naval Integrated Fire Control-Counter Air (NIFC-CA) Expanded Battlespace

NAVAL INTEGRATED FIRE CONTROL - COUNTER AIR (NIFC-CA)
EXPANDED BATTLESPACE

Airborne sensors

Aegis ship

Active
seeker

Enemy
aircraft

Source: CSIS Missile Defense Project.

platforms that are tethered to the ground. These basing
options provide the smallest increase in range but could
offer lower procurement and operating costs. Elevated
ground-based sensors and tethered aerostats would be
best suited to missions tracking lower-flying threats such
as cruise missiles, which may not be detected by higher
flying sensors.

Elevated land-based sensors have been used in tests to
mimic sensor-equipped aircraft for cruise-missile defense.
For example, the Navy used an elevated radar during its
Mountain Top demonstrations in 1996 as a stand-in for an
E-2C aircraft, serving as both a tracking device and a node
in the Cooperative Engagement Capability network under
development.’ Where geography is conducive, topography
alone could have significant operational utility, especially
in areas where air traffic makes consistent deployment

of military aircraft unfeasible. Hills or mountains on an
island, such as Guam, present a ready advantage to expand
the battlespace.

Homeland cruise missile defense is a mission ripe for the
use of ground-based elevated sensors. This was the vision
for the cancelled Joint Land Attack Cruise Missile Defense
Elevated Netted Sensor System (JLENS) and the subject of

Airborne sensors

Enemy
missile

U.S. Northern Command’s recent request for funding for an
elevated sensor for the National Capital Region.™

The demise of the JLENS program points to operational
challenges. In a fateful 2015 incident, a prototype JLENS
aerostat became unmoored in bad weather and traveled for
hundreds of miles before crashing in rural Pennsylvania.
The incident discouraged further investment in similar
capabilities. Challenges of weather can be overcome,
however, and such incidents can usually be managed,
according to former Secretary of Defense Ashton Carter."!
The United States has successfully deployed smaller
aerostats to protect forward operating bases in Afghanistan
and elsewhere. Deployment at lower altitudes, more
attention to weather, and a different attitude toward
attrition—as with installations at forward operating bases—
can contribute to the return of aerostats.

AIRCRAFT

Fixed-wing aircraft can also contribute to the air and
missile defense mission. Aircraft offer proven platforms
that can get sensors closer to, and even within, contested
airspace, but their operational costs can be higher. Aircraft
are also limited in which sensors they can carry, depending
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on size, weight, and power requirements, and the aircraft’s
own payload capacity.

MDA has been investigating using dedicated aircraft for
missile defense sensors for some time. In its fiscal year
(FY) 2011 budget, for example, MDA requested over $500
million over the Future Years Defense Program to develop
the Airborne Infrared sensor program, which would have
integrated a ballistic missile defense sensor onto a UAS. In
the 2016 Pacific Dragon exercise, MDA demonstrated the
ability of UASs to contribute to the boost-phase tracking of
target missiles.’? According to its 2021 budget submission,
the agency is exploring options to partner with the military
services to integrate multispectral sensors into operational
platforms for prototyping and development.’® The reduced
size and weight of gallium nitride radar technology could
enable more airborne platforms to carry radars as well.**

Existing platforms could also be modified to contribute to
missile defense sensing through interchangeable payloads
or pods. This would allow theater commanders to use
unmanned aircraft flexibly, configuring the same platform
to perform different missions depending on need. This
could include using separate sensor packages for separate
missions, from air and missile defense to more traditional
intelligence, surveillance, and reconnaissance for a
precision strike. Airborne surveillance and tracking is also
an area where allies could contribute. Japan is reportedly
studying the role of UASs for detection and early warning
of both ballistic and hypersonic missiles.*

Airborne platforms do not need to be dedicated air and
missile defense assets to contribute to the mission. DoD’s
Joint All-Domain Command and Control (JADC2) strategy
aims to develop the networks necessary to leverage sensors
already mounted on manned and unmanned aircraft. In
2018, former MDA director Lieutenant General Samuel
Greaves challenged missile defense organizations to do
this, saying, “Our job is to look outside of the classic
missile defense system. . . and look for sensors and
shooters that would be able to contribute when integrated
into the [Ballistic Missile Defense System].”*® The Army
and Air Force have already tested such a capability, with
an F-35 aircraft supporting an Army Patriot engagement
in July 2021 using the Integrated Air and Missile Defense
Battle Command System (IBCS) network."

Fixed-wing aircraft would also play a critical role in attack
operations for missile defeat, either as a strike asset
themselves or as a source of targeting data. In some ways,
this would be an adaptation of current operations around
the globe where unmanned aircraft have become the

preferred strike platform for targeting terrorist leaders.
Tactics and capabilities may need adjustments, however, to
be appropriate for a more contested air domain. DoD seems
to be making some of these investments already through
programs such as the Defense Advanced Research Projects
Agency’s (DARPA) LongShot.*®

Several recent events demonstrate the value of elevated
sensors in supporting such strike missions. In Ukraine,
Russia has used unmanned aircraft to fill critical intelligence
gaps to direct rocket and artillery fire in the Donbas region.”
In 2020, Azerbaijan used drones extensively to support

its operations in the disputed Nagorno-Karabakh region,
including to strike Armenia’s high-end air and missile
defense assets, such as the Soviet S-300 system.? Iran has
also demonstrated the ability to use unmanned aircraft to
provide targeting information for ballistic missile strikes
during its Great Prophet 15 military exercises.”!

“Our job is to look outside of the classic
missile defense system. . . and look for
sensors and shooters that would be able
to contribute when integrated into the
[Ballistic Missile Defense System].”

—former MDA director Lieutenant General Samuel Greaves

With sufficient networking, the range of support from
aircraft could expand to direct long-range fires, including
hypersonic strike. Such cueing will be especially important
for time-sensitive missile defeat missions. In environments
with thick air defenses, however, this would also be
difficult, requiring either survivable aircraft or a sufficient
number of less costly and attritable unmanned platforms.

SPACE

Some of the greatest benefits of sensor elevation can be
realized from placement in space. The United States has

long recognized the important role that satellite-based
sensors can play in early warning and detection of missile
launches, having deployed its first Defense Support Program
(DSP) satellites in the early 1970s. Each of the past six
administrations has established a plan to deploy a space-
based layer of missile tracking satellites as well, but none thus
far has deployed more than a few demonstration satellites.

The creation of the U.S. Space Force and Space
Development Agency suggests a growing interest within
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DoD in developing and deploying a new generation of
space-based assets, including those for missile warning
and tracking. The Space Force is in the process of replacing
the legacy DSP and Space-Based Infrared System (SBIRS)
satellites with the Next Generation Overhead Persistent
Infrared (OPIR) sensors for initial missile warning. The
sensor payload for these geosynchronous-orbit satellites
passed a critical design review in August 2021.%

MDA, in collaboration with the Space Development
Agency, is also working to deploy a constellation of lower-
orbit tracking sensors for both hypersonic and ballistic
missiles, called the Hypersonic and Ballistic Tracking Space
Sensor (HBTSS). These satellites are planned to replace
and expand upon the coverage of the Space Tracking and
Surveillance System (STSS) satellites, which MDA plans

to decommission in the next few years.?® The Space Force
also recently revealed plans to develop Ground Moving
Target Indicator (GMTI) radar satellites for tracking moving
terrestrial targets. These could also provide the data
necessary to target mobile missile launchers.?*

Constellations of space sensors offer the potential to track
missiles from launch all the way through their flight.

This “birth-to-death” tracking capability would allow the
United States to track a maneuvering threat continuously,
making space sensors particularly important for countering
hypersonic and maneuvering ballistic missiles. This also
reduces the need to be able to pass off the track between
multiple terrestrial sensors, which ensures a consistent
track quality.

These significant advantages also come with trade-offs.
The primary barrier to deploying a constellation of space
sensors is cost. Despite progress in reducing the price of
satellite bodies, sensors, and associated space launches,
the cost of their deployment generally increases as the
capability of the sensor payload (and thus the weight)
increases. These cost issues currently contribute to space-
based assets’ scarcity, which can also create competition
over their missions and tasks.

EXTENDING THE HORIZON

In today’s strategic environment, the ability to find
hidden adversary missiles before and after launch will be
increasingly critical to broad U.S. deterrence and defense
goals. While General Hyten’s aspiration of having all-seeing
overhead sensors may never quite be realized, his choice
to highlight elevated sensors underscores the importance
of that feature in the sensor architecture of the future.
Fielding new elevated sensors in space is a key component
of moving toward that vision, but other suborbital
elevation—from towers to high-altitude aircraft—will also
be useful to significantly extend the practical horizon for
the surveillance, tracking, and targeting needs of both
strike and air and missile defense. m

Wes Rumbaugh is an associate fellow with the Missile Defense
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(CSIS) in Washington, D.C. Tom Karako is a senior fellow with
the International Security Program and the director of the
Missile Defense Project at CSIS.

This brief'is made possible by support from General Atomics
and general support to CSIS.

CSIS BRIEFS are produced by the Center for Strategic and International Studies (CSIS), a private, tax-exempt institution
focusing on international public policy issues. Its research is nonpartisan and nonproprietary. CSIS does not take specific
policy positions. Accordingly, all views, positions, and conclusions expressed in this publication should be understood to
be solely those of the author(s). © 2021 by the Center for Strategic and International Studies. All rights reserved.

Cover Photo: Colin Cramm/Adobe Stock

CSIS BRIEFS | WWW.CSIS.ORG | 6



ENDNOTES

10

11

12

13

Seth Jones, “Hiding and Finding: The Challenge of Security Compe-
tition,” CSIS, CSIS Briefs, July 6, 2021, https://www.csis.org/analysis/
hiding-and-finding-challenge-security-competition; and Joint Chiefs
of Staff, Joint Publication 3-01: Countering Air and Missile Threats
(Washington, DC: U.S. Department of Defense, 2017), https://www.
jcs.mil/Portals/36/Documents/Doctrine/pubs/jp3_01.pdf.

Kathleen Hicks, “Advance Policy Questions for Dr. Kathleen Hicks,
Nominee for Appointment to be Deputy Secretary of Defense,”
Senate Armed Services Committee, February 2, 2021, https://www.
armed-services.senate.gov/imo/media/doc/Hicks_APQs_02-02-21.
pdf.

John Hyten, “Vice Chairman of the Joint Chief of Staff Remarks,”
(speech, Space and Missile Defense Symposium, Huntsville, AL,
August 11, 2021).

Brian R. Green, Offense-Defense Integration for Missile Defeat: The Scope
of the Challenge (Washington, DC: CSIS, July 2020), https://www.csis.
org/analysis/offense-defense-integration-missile-defeat.

Archer Macy, “Guiding Next-Gen Air and Missile Defense to Address
the Evolved Range of Threats,” (speech, Institute for Defense and
Government Advancement (IDGA) Counter-Hypersonic Weapons
Summit, July 23, 2020).

Tom Karako, “Beyond the Radar Archipelago: A New Roadmap for
Missile Defense Sensors,” War on the Rocks, November 28, 2018,
https://warontherocks.com/2018/11/beyond-the-radar-archipela-
go-a-new-roadmap-for-missile-defense-sensors/.

Ian Williams, “Achilles’ Heel: Adding Resilience to NATO’s Fragile
Missile Shield,” CSIS, CSIS Briefs, August 2019, https://missilethreat.
csis.org/achilles-heel-adding-resilience-to-natos-fragile-missile-
shield/.

David Arthur and Michael Bennett, National Cruise Missile Defense:
Issues and Alternatives (Washington, DC: Congressional Budget Office,
February 2021), 24, https://www.cbo.gov/publication/56950.

William H. Zinger and Jerry A. Krill, “Mountain Top: Be-
yond-the-Horizon Cruise Missile Defense,” Johns Hopkins APL
Technical Digest 18, no. 4 (1997) 501-520, https://www.jhuapl.edu/
Content/techdigest/pdf/V18-N04/18-04-Zinger.pdf.

Tom Karako and Ian Williams, “JLENS Future Bleak, But Need for
Capability Remains,” CSIS, April 5, 2016, https://www.csis.org/anal-
ysis/jlens-future-bleak-need-capability-remains; and Jen Judson,
“DoD Wish List Seeks More Funds to Boost Pacific Missile Defense,
Weapons Cybersecurity,” Defense News, June 10, 2021, https://www.
defensenews.com/pentagon/2021/06/10/dod-desires-more-funding-
to-boost-missile-defense-in-the-pacific-in-wish-list-to-congress/.
Matthew H. Brown and Ian Duncan, “JLENS Blimp Returns to Earth
in Central Pennsylvania; Military Recovery ‘in Progress’,” Baltimore
Sun, October 28, 2015, https://www.baltimoresun.com/maryland/
harford/aegis/bs-md-jlens-blimp-loose-20151028-story.html.

Patrick Tucker, “Drones Will Help Protect Guam from North Korean
Missiles,” Defense One, August 22, 2017, https://www.defenseone.
com/technology/2017/08/drones-will-help-protect-guam-north-ko-
rean-missiles/140400/.

U.S. Department of Defense, Department of Defense Fiscal Year (FY)
2021 Budget Estimates: Missile Defense Agency Defense-Wide Justifica-
tion Book, Volume 2a of 5 (Washington, DC: Department of Defense,

14

15

16

17

18

19

20

21

22

23

24

February 2020), 564, https://comptroller.defense.gov/Portals/45/
Documents/defbudget/fy2021/budget_justification/pdfs/03_RDT_
and_E/RDTE_Vol2_MDA_RDTE_PB21 Justification_Book.pdf.

Steve Trimble, “Fighter Radars Poised for Gallium Nitride Break-
through,” Aviation Week, June 28, 2021, https://aviationweek.com/
defense-space/sensors-electronic-warfare/fighter-radars-poised-gal-
lium-nitride-breakthrough.

Thomas Newdick, “Japan Wants to Detect Incoming Hypersonic Mis-
siles with Unmanned Aircraft,” The Drive, August 9, 2021, https://
www.thedrive.com/the-war-zone/41909/japan-wants-to-detect-in-
coming-hypersonic-missiles-with-unmanned-aircraft.

Sydney J. Freedberg Jr., “F-35 Ready for Missile Defense by 2025:
MDA Chief,” Breaking Defense, April 11, 2018, https://breakingde-
fense.com/2018/04/f-35-ready-for-missile-defense-by-2025-mda-
chief/.

Steve Trimble, “F-35 Teams Up With PAC-3 For Cruise Missile

Kill,” Aviation Week, July 15, 2021, https://aviationweek.com/de-
fense-space/missile-defense-weapons/f-35-teams-pac-3-cruise-mis-
sile-kill.

Rachel S. Cohen, “Design Gets Underway on DARPA’s ‘LongShot’
Drone,” Air Force Magazine, February 8, 2021, https://www.airforce-
mag.com/design-gets-underway-on-darpas-longshot-drone/.

Amos Fox, “Understanding Modern Russian War: Ubiquitous Rocket,
rtillery to Enable Battlefield Swarming, Siege Warfare,” Fires (Sep-
tember-October 2017), 20-25, https://sill-www.army.mil/fires-bulle-
tin-archive/archives/2017/sep-oct/sep-oct.pdf.

Shaan Shaikh and Wes Rumbaugh, “The Air and Missile War in
Nagorno-Karabakh: Lessons for the Future of Strike and Defense,”
CSIS, CSIS Critical Questions, December 8, 2020, https://www.csis.
org/analysis/air-and-missile-war-nagorno-karabakh-lessons-future-
strike-and-defense.

International Institute for Strategic Studies, Open-Source Analysis f
Iran’s Missile and UAV Capabilities and Proliferation (Washington, DC:
April 2021), 23, https://www.iiss.org/blogs/research-paper/2021/04/
iran-missiles-uavs-proliferation.

Sandra Erwin, “Missile Defense Space Sensor Made by Northrup
Grumman and Ball Aerospace Clears Design Review,” Space News,
August 5, 2021, https://spacenews.com/missile-defense-space-sen-
sor-made-by-northrop-grumman-and-ball-aerospace-clears-design-
review/.

Nathan Strout, “After More than a Decade, Agency to Retire Ex-
perimental Missile Warning Satellites,” C4ISRNet, May 13, 2021,
https://www.c4isrnet.com/battlefield-tech/space/2021/05/13/
after-more-than-a-decade-agency-to-retire-experimental-mis-
sile-warning-satellites/.

Theresa Hitchens, “Raymond Unveils Classified Target Tracking Space
Radar Effort,” Breaking Defense, May 12, 2021, https://breaking-
defense.com/2021/05/raymond-unveils-classified-target-track-
ing-space-radar-effort/.

CSIS BRIEFS | WWW.CSIS.ORG | 7


https://www.csis.org/analysis/hiding-and-finding-challenge-security-competition
https://www.csis.org/analysis/hiding-and-finding-challenge-security-competition
https://www.jcs.mil/Portals/36/Documents/Doctrine/pubs/jp3_01.pdf
https://www.jcs.mil/Portals/36/Documents/Doctrine/pubs/jp3_01.pdf
https://www.armed-services.senate.gov/imo/media/doc/Hicks_APQs_02-02-21.pdf
https://www.armed-services.senate.gov/imo/media/doc/Hicks_APQs_02-02-21.pdf
https://www.armed-services.senate.gov/imo/media/doc/Hicks_APQs_02-02-21.pdf
https://www.csis.org/analysis/offense-defense-integration-missile-defeat
https://www.csis.org/analysis/offense-defense-integration-missile-defeat
https://warontherocks.com/2018/11/beyond-the-radar-archipelago-a-new-roadmap-for-missile-defense-sensors/
https://warontherocks.com/2018/11/beyond-the-radar-archipelago-a-new-roadmap-for-missile-defense-sensors/
https://missilethreat.csis.org/achilles-heel-adding-resilience-to-natos-fragile-missile-shield/
https://missilethreat.csis.org/achilles-heel-adding-resilience-to-natos-fragile-missile-shield/
https://missilethreat.csis.org/achilles-heel-adding-resilience-to-natos-fragile-missile-shield/
https://www.cbo.gov/publication/56950
https://www.jhuapl.edu/Content/techdigest/pdf/V18-N04/18-04-Zinger.pdf
https://www.jhuapl.edu/Content/techdigest/pdf/V18-N04/18-04-Zinger.pdf
https://www.csis.org/analysis/jlens-future-bleak-need-capability-remains
https://www.csis.org/analysis/jlens-future-bleak-need-capability-remains
https://www.defensenews.com/pentagon/2021/06/10/dod-desires-more-funding-to-boost-missile-defense-in-the-pacific-in-wish-list-to-congress/
https://www.defensenews.com/pentagon/2021/06/10/dod-desires-more-funding-to-boost-missile-defense-in-the-pacific-in-wish-list-to-congress/
https://www.defensenews.com/pentagon/2021/06/10/dod-desires-more-funding-to-boost-missile-defense-in-the-pacific-in-wish-list-to-congress/
https://www.baltimoresun.com/maryland/harford/aegis/bs-md-jlens-blimp-loose-20151028-story.html
https://www.baltimoresun.com/maryland/harford/aegis/bs-md-jlens-blimp-loose-20151028-story.html
https://www.defenseone.com/technology/2017/08/drones-will-help-protect-guam-north-korean-missiles/140400/
https://www.defenseone.com/technology/2017/08/drones-will-help-protect-guam-north-korean-missiles/140400/
https://www.defenseone.com/technology/2017/08/drones-will-help-protect-guam-north-korean-missiles/140400/
https://comptroller.defense.gov/Portals/45/Documents/defbudget/fy2021/budget_justification/pdfs/03_RDT_and_E/RDTE_Vol2_MDA_RDTE_PB21_Justification_Book.pdf
https://comptroller.defense.gov/Portals/45/Documents/defbudget/fy2021/budget_justification/pdfs/03_RDT_and_E/RDTE_Vol2_MDA_RDTE_PB21_Justification_Book.pdf
https://comptroller.defense.gov/Portals/45/Documents/defbudget/fy2021/budget_justification/pdfs/03_RDT_and_E/RDTE_Vol2_MDA_RDTE_PB21_Justification_Book.pdf
https://aviationweek.com/defense-space/sensors-electronic-warfare/fighter-radars-poised-gallium-nitride-breakthrough
https://aviationweek.com/defense-space/sensors-electronic-warfare/fighter-radars-poised-gallium-nitride-breakthrough
https://aviationweek.com/defense-space/sensors-electronic-warfare/fighter-radars-poised-gallium-nitride-breakthrough
https://www.thedrive.com/the-war-zone/41909/japan-wants-to-detect-incoming-hypersonic-missiles-with-unmanned-aircraft
https://www.thedrive.com/the-war-zone/41909/japan-wants-to-detect-incoming-hypersonic-missiles-with-unmanned-aircraft
https://www.thedrive.com/the-war-zone/41909/japan-wants-to-detect-incoming-hypersonic-missiles-with-unmanned-aircraft
https://breakingdefense.com/2018/04/f-35-ready-for-missile-defense-by-2025-mda-chief/
https://breakingdefense.com/2018/04/f-35-ready-for-missile-defense-by-2025-mda-chief/
https://breakingdefense.com/2018/04/f-35-ready-for-missile-defense-by-2025-mda-chief/
https://aviationweek.com/defense-space/missile-defense-weapons/f-35-teams-pac-3-cruise-missile-kill
https://aviationweek.com/defense-space/missile-defense-weapons/f-35-teams-pac-3-cruise-missile-kill
https://aviationweek.com/defense-space/missile-defense-weapons/f-35-teams-pac-3-cruise-missile-kill
https://www.airforcemag.com/design-gets-underway-on-darpas-longshot-drone/
https://www.airforcemag.com/design-gets-underway-on-darpas-longshot-drone/
https://sill-www.army.mil/fires-bulletin-archive/archives/2017/sep-oct/sep-oct.pdf
https://sill-www.army.mil/fires-bulletin-archive/archives/2017/sep-oct/sep-oct.pdf
https://www.csis.org/analysis/air-and-missile-war-nagorno-karabakh-lessons-future-strike-and-defense
https://www.csis.org/analysis/air-and-missile-war-nagorno-karabakh-lessons-future-strike-and-defense
https://www.csis.org/analysis/air-and-missile-war-nagorno-karabakh-lessons-future-strike-and-defense
https://www.iiss.org/blogs/research-paper/2021/04/iran-missiles-uavs-proliferation
https://www.iiss.org/blogs/research-paper/2021/04/iran-missiles-uavs-proliferation
https://spacenews.com/missile-defense-space-sensor-made-by-northrop-grumman-and-ball-aerospace-clears-design-review/
https://spacenews.com/missile-defense-space-sensor-made-by-northrop-grumman-and-ball-aerospace-clears-design-review/
https://spacenews.com/missile-defense-space-sensor-made-by-northrop-grumman-and-ball-aerospace-clears-design-review/
https://www.c4isrnet.com/battlefield-tech/space/2021/05/13/after-more-than-a-decade-agency-to-retire-experimental-missile-warning-satellites/
https://www.c4isrnet.com/battlefield-tech/space/2021/05/13/after-more-than-a-decade-agency-to-retire-experimental-missile-warning-satellites/
https://www.c4isrnet.com/battlefield-tech/space/2021/05/13/after-more-than-a-decade-agency-to-retire-experimental-missile-warning-satellites/
https://breakingdefense.com/2021/05/raymond-unveils-classified-target-tracking-space-radar-effort/
https://breakingdefense.com/2021/05/raymond-unveils-classified-target-tracking-space-radar-effort/
https://breakingdefense.com/2021/05/raymond-unveils-classified-target-tracking-space-radar-effort/

