System Architectures

A comprehensive, layered ballistic missile defense system must counter attacking ballistic missiles in all their phases of flight – from boost-phase through the midcourse phase and into the terminal phase, as indicated below. Each of these phases – boost, midcourse, and terminal – furnishes intercept opportunities. But defenses in each also have inherent limitations that must be taken into account in the design of a viable missile defense architecture.
Boost Phase - Just after launch, the boosting attacking missile is especially vulnerable as it rises from its launcher. The missile is relatively slow moving, not yet having achieved full acceleration, and it emits bright exhaust gases relatively easy for sensors to detect and track. Interception during the boost phase has the advantage of destroying the missile before it disperses its payload, which may consist of more than one warhead and/or countermeasures in the form of decoys. Intercepting a missile in boost phase has the additional advantage that the debris, including warheads, may, depending on how early interdiction occurs, fall on the country launching the missile – a reality that could have a substantial deterrent effect, if the launching state is faced with the likelihood of rendering serious damage to its own territory.
Boost phase, however, is relatively short in duration. For medium- and short-range missiles, the boost phase lasts at most only a couple of minutes, while for a missile of intercontinental range it may be as long as three to five minutes. (Whether a missile is solid or liquid fueled also impacts the duration of the boost phase: solid fuel missiles have greater propulsion – and thus fly faster – than liquid-fueled missiles and have a shorter boost phase.)  Thus, the time for boost-phase interception is correspondingly limited. 
Space-based defenses have an advantage in that they are ever within striking distance. Terrestrially based defenses must be nearby, creating operational and political challenges. Sea-based defenses has an advantage in that they operate in international waters, but some locations are not sufficiently close to permit boost-phase intercept opportunities.
Midcourse Phase - The midcourse phase provides a longer timeframe for interception of the missile or its payload. This phase may account for as much as eighty percent of the rocket’s total flight time – some 20- minutes for the longest-range missiles – therefore offering multiple intercept opportunities. All basing modes can be midcourse defenses.
Midcourse interception, however, may require that the missile defense system distinguish between warheads and decoys, the latter being released in order to confuse sensors and waste interceptors against a false target. As the warheads and decoys reenter the earth’s atmosphere, the decoys slow down considerably because they are likely to be lighter than warheads. Under these conditions, warheads may be distinguished more easily, although they may be more difficult to destroy if they have the capability to maneuver like high-speed aircraft.
Terminal Phase – The terminal phase provides missile defense systems with last-shot opportunities. During this phase, the target array reenters the earth’s atmosphere at an altitude of about 100 km, creating a bright infrared (IR) signature. While this segment is again shorter, atmospheric drag shreds away false targets and permits the defense to launch its interceptors against the exposed warheads with greater confidence. Reentry, however, also brings another difficult problem, namely that the warheads may maneuver to become very difficult targets to hit. All basing modes can be terminal defenses. 
It is instructive to recall that Iraq modified and extended the range of its Scud missiles used during the 1991 Gulf War by welding sections of three Scuds together. As a result, upon reentry into the earth’s atmosphere, the Scud missiles broke up and the warhead section became aerodynamically unstable, creating a corkscrew effect as they spiraled toward Israel and Saudi Arabia. This unintended countermeasure was quite effective, because the Patriot anti-missile systems deployed by the United States did not have sufficient maneuverability to intercept the modified Scuds.

The most effective way to maximize interception opportunities, therefore, is through a layered approach, one that affords multiple opportunities to destroy missiles and their warheads from launch through reentry and reduces the burden placed on any one of the layers of the defense.
Layered defenses have the additional inherent advantage of complicating the design of the offensive systems they are deployed to intercept and destroy. For example, a missile is especially vulnerable in boost phase because it carries explosive fuel. Yet if the missile is hardened in order to reduce the possibility of destruction in boost phase, the result is an increase in the missile’s weight, possibly easing the task of subsequent interception. The corresponding reduction of payload also has the added benefit of diminishing the missile’s destructive potential, and/or range.
In addition to providing the opportunity for multiple shots against a missile or its warheads, a layered approach also allows for the sharing of technologies between systems. Thus, technologies used in one intercept vehicle can be shared with intercept vehicles on other platforms resulting in cost-savings as well as other logistical and interoperability benefits.  Furthermore, in a multi-tiered system, failures at any given layer can potentially be compensated for in other layers. 
By contrast, each element of a single-tier defense must be close to 100-percent effective – a situation unlikely to be achieved, especially as the number of warheads to be intercepted increases. The multiple-shot opportunities afforded by a layered architecture ensure a more robust performance because the various engagement tiers offer mutually reinforcing advantages and synergies. In order to build an effective layered defense, it will be essential to develop and deploy systems that include space-based, as well as sea- and land-based, elements.
Ground-Based Missile Defense

High Frontier is somewhat ambivalent about the current focus on ground-based missile defensea. On the positive side, the components of a ground-based missile defense plan (including sea-based and space-based sensors) are already in integrated testing, the system has strong support from the President and the Missile Defense Agency (MDA), and the test sites at Fort Greeley, Alaska, and Vandenberg AFB, California, are alleged to be operational as an emergency limited missile shield. 

However, ground-based missile defense is also the most expensive and least effective of the possible basing modes. The per-shot cost of firing an interceptor at an attacking modern missile is extremely high, intercept during late post-bus-separation midcourse phase is more difficult and less reliable than the boost-phase intercept capability offered by space-based, some air-based and some sea based systems, and a totally ground-based system would require multiple sites around the world to gain coverage for itself, its overseas troops, and its allies and friends.  Boost and high-endo-atmospheric defenses will also be needed to deal with likely countermeasures – and these defenses will no-doubt require other basing modes, that should be incorporated into the overall architectural plan, now rather than later.
These characteristics are no doubt why limited development, testing and deployment of ground-based defenses were permitted under the terms of the ABM Treaty, which was designed to prevent any effective defense. Now, because of the legacy of 30-years of ABM Treaty compliance, many incorrectly believe the technology for ground-based defenses is more mature than other basing modes. See Ambassador Cooper’s 2000 letter to Senator Warner explains the errors in precisely this point-of-view, which was expressed by testimony by then Defense Secretary Bill Cohen.
For these reasons High Frontier does not support the expansion of the ground-based "National Missile Defense" system architecture embraced by the Bill Clinton and George W. Bush administrations. Its role should be limited to being a component of a comprehensive layered defense, involving other basing modes. 

At a Senate Armed Services committee hearing in July of 2001, then Deputy Defense Secretary Paul Wolfowitz and MDA Director General Ronald Kadish stated that, since the President had withdrawn from the ABM Treaty, his organization was free to pursue the most effective means of defending our country, troops, and allies from ballistic missiles, opening the door to the more effective and useful system architectures thought out by SDIO during the Ronald Reagan and George H. W. Bush administrations. However, this rethinking has happened only to a limited degree for sea-based and air-based defenses and not at all for space-based defenses. 
Ground-based missile defense can play a role to play in a layered missile defense system as terminal/point defense – and against cruise missiles, depressed trajectory Submarine Launched Ballistic Missiles, and as mobile systems, such as PAC-3 and THAAD, to accompany deployed troops.  But the rejection of the false promises of the ABM Treaty by the current administration should refocus attention on the more effective and more affordable sea and space based systems already well developed in years past.

Sea-Based Missile Defense:
AEGIS, the Standard Missile and Sea-based Global Missile Defense

Sea-based missile defense is the most promising, rapidly maturing near-term response to the ballistic missile threat. A significant sea-based defense can be deployed in half the time and for one tenth the cost of the proposed land-based system. It involves a significant but a relatively low-cost upgrade of America's 70 AEGIS equipped cruisers and destroyers, in which the taxpayers already have made a major investment. Missile defense interceptors would become another “round,” along with the current air defense interceptors and tomahawk cruise missiles, to go wherever those ships go and thereby form a future layered, essentially global, missile defense system. (These ships move freely in international waters, which cover about two-thirds of the Earth’s surface.)  As suggested by the graphic below, forward-based ships can provide intercept opportunities against ballistic missiles launched from North Korea toward the U.S. homeland long before the Alaska ground-based site can reach them.
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Since 2002, Navy crews have succeeded in 7-out-of-8 attempts to intercept attacking short and medium-range ballistic missiles with the Standard Missile-3 (SM-3), in ever more complex operational environments. Click here to view a brief summary of most of these tests which include operational testing in which the crews simulateously defeat attacking cruise missiles and ballistic missiles – as well as avoiding attacking torpedoes.  Actually, they are 1-out-of-2 in attempts to intercept targets in their ascent phase (while still rising from their launch pads) and 6-out-of-6 in intercepts of attacking ballistic missiles while they are descending from their maximum altitude.  The SM-3 Block 1 is becoming operational – and High Frontier recommends that MDA turn it over to the Aegis Program Office for refinement and further improvements. In this regard, MDA would be following the approach taken when Patriot and PAC-3 were turned over to the Army for final development.

Click here to read a 2000 paper by Ambassador Henry F. Cooper and Vice Admiral J.D. Williams (USN Retired) which examined the basic kinematic relationships involved in intercepting long-range ballistic missiles from the Sea of Japan. They found that even the relatively slow SM-3 Block 1 interceptor, now being deployed, has a limited capability for intercepting long-range missiles launched at the Western United States.  They also recommended a series of improvements that would greatly increase the capability of the SM-3, for relatively modest investment in a more capable booster rocket and advanced technology that permits a lighter kill vehicle.  High Frontier continues to recommend this approach for block improvements to the SM-3.
Two ship classes in the United States Navy currently field the AEGIS radar and weapons package – Ticonderoga-class guided missile cruisers and Arliegh Burke-class guided missile destroyers. 

Ticonderoga and Arliegh Burke Class
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	TICONDEROGA CLASS 
Guided Missile Cruiser 
(AEGIS) (CG)
Displacement: 9450 Tons 
Dimensions: Length - 567 ft 
                      Width - 55 ft 
Speed: 30+ knots 
Cost: About $1 Billion each 
Crew: 24 Officers, 340 Enlisted 
Armament: MK26 missile launcher (CG 47 thru CG 51) Standard Missile (MR) or MK41 vertical launching system (CG 52 thru CG 73) Standard Missile (MR); Vertical Launch ASROC (VLA) Missile; Tomahawk ASM/LAM; Six MK-46 torpedoes (from two triple mounts); Two MK 45 5-inch/54 caliber lightweight guns; Two Phalanx close-in-weapons systems 
Number in Fleet: 27 deployed
	ARLIEGH BURKE CLASS 
Guided Missile Destroyer 
(AEGIS) (DDG)
Displacement: 9300 tons 
Dimensions: Length - 509 ft 
                      Width - 66 ft 
Speed: 32+ knots 
Cost: $945.9 million 
Crew: 23 Officers, 300 Enlisted 
Armamment: Standard missile; Harpoon; Vertical Launch ASROC (VLA)missiles; Tomahawk ASM/LAM; six Mk-46 torpedoes(from two triple tube mounts); one 5"/54 caliber Mk-45 (lightweight gun); two 20mm Phalanx CIWS 
Number in Fleet: 39 deployed, 5 under construction 


Additionally, the Japanese Kongo-class destroyers and Spanish F-100 frigates also house the AEGIS system. Cooperation with allies will be an integral part of sea-based global missile defense as our ships will have to cruise far from home in the littoral waters surrounding possible hostile states armed with ballistic missiles to enable boost phase intercepts.

In particular, there is little wonder that Japan has been very interested in purchasing the SM-3 intercept  capability ever since North Korea launched a Taepodong-1 missile over them and almost to U.S. territory, on August 31, 1998. They are investing over a billion dollars in a joint U.S.-Japanese program to fully develop the SM-3 into a much more capable interceptor – which has the potential to defend Americans at home as well as the Japanese from North Korean ballistic missiles. Japanese and U.S. ships can work together in an alliance that includes the sharing of warning and tracking data, as well as command and control networks – with a significant saving for both countries.

Several NATO nations are also interested in a similar arrangement with this Navy system, now beginning to operate in the Pacific.  Under current plans, six ships will be deployed with SM-3 capability in the Pacific by the end of 2006, and 18 will be at sea by the end of 2010, two in the Atlantic.  Currently, it costs about $100 million to modify the gear on each ship (~$20 million) and to purchase 8 SM-3 interceptors – these costs should decrease according to a normal learning curve as the buy increases.  There is no better missile defense investment than this.

Finally, it is important to note that sea-based defenses can protect Americans who live near the U.S. coasts against short and medium-range missiles that might be launched from nearby ships. If outfitted with the SM-3 interceptor – or even the earlier SM-2 Block IV air defense interceptor – ships that normally operate along the U.S. coasts can provide protection against this threat, which exists today, for almost three-quarters of the U.S. citizens who live within 200 miles of the coast. That the 100 or so existing SM-2 air defense interceptors have this inherent capability was demonstrated in May 2006. Ships that operate in the vicinity of the U.S. coast could be given this capability for less than $100 million – and a significant percentage of the 100 SM-2 Block IV interceptors could be operating within a year from receiving the go-ahead.
Space-Based Missile Defense

Since the beginning of the space age, space-based systems have been an indispensable part of the nation’s first line of defense. The United States uses space-based systems to gather reconnaissance and surveillance information that is vital to our defense and intelligence activities.  Without control of our space systems, it is fair to say that the United States cannot maintain dominance of the modern battlefield.  

Because of the 1972 ABM Treaty, the role space-based systems could play in a viable ballistic missile defense system was severely limited for 30-years – to providing early warning and gathering tracking information. These constraints have been removed when President Bush withdrew from the ABM Treaty in 2002; and, from a legal perspective, the best space technology and designs now can be used to build effective space-based ballistic missile defenses. However, the legacy of the ABM Treaty continues to restrain actual development of such systems.  So far, only space-based sensors are actually part of the administration’s plans for a global defense of the United States and its overseas troops, allies and friends. However, as discussed below, space-based interceptors would actually be far more effective and less costly that all other ballistic missile concepts.

Sensors – All missile defense system concepts are supported by space-based sensors, which provide attack warning and assessment information. For example, since the 1960s, the Defense Support Program (DSP), a constellation of satellites that detect missile launches, space launches and nuclear detonations, has served as the nation’s primary early-warning capability. These satellites are equipped with infrared sensing technologies developed in the 1960s and early 1970s, but since their deployment, have provided uninterrupted coverage. They detected Iraqi Scud launches during the Gulf War, allowing US forces to evacuate civilians and deploy PAC-2 missiles against the Scuds, saving countless lives. The DSP satellites are operated by the 21st and 50th Space Wings, stationed at Peterson AFB in Colorado and Schriever AFB, also in Colorado.

The Space-Based Infrared System is divided into two components, SBIRS-High and SBIRS-Low. SBIRS-High, intended to replace the DSP satellites, will eventually consist of 4 satellites in geostationary orbit over the earth, along with 2 more in highly elliptical orbits. SBIRS-Low satellites will employ some 20 satellites deployed in low earth orbit to track missiles over their entire flight path from launch to re-entry, and provide reliable identification and classification of threats. The will provide the crucial midcourse tracking component, vital to any missile defense program.  Both programs have been plagued with cost over-runs and delays – and are years behind schedule.

Interceptors – The most cost-effective way to defend against all but short-range ballistic missiles is from space.  This was clearly shown to be the case over 15 years ago, based on $30 billion invested by the Strategic Defense Initiative (SDI) during the administrations of Ronald Reagan and George H.W. Bush.  However, for political rather than technical reasons, that important work was cancelled by the Bill Clinton administration in 1993 and has not yet be revived by the George W. Bush administration.  Click here to see the SDI Historian’s comprehensive account of “The Rise and Fall of Brilliant Pebbles.”  

Except for Ronald Reagan’s personal interest and active support for building truly effective defenses, the SDI would never have developed a serious space system concept.  However, because of his support, numerous architectural studies – buoyed by investments in developing the needed technology – examined the full range of possible system concepts; and the SDI finally concluded that a constellation of autonomous, light-weight, highly maneuverable satellites could compose a very cost-effective space-based interceptor system, called “Brilliant Pebbles.”  

In 1990 after a full gamut of reviews by the scientific community in and out of government, Brilliant Pebbles was the first SDI program to pass the full review of the Pentagon’s Defense Acquisition Board and achieve the status of a Major Defense Acquisition Program (MDAP). Independent cost estimates during this formal review estimate that a full constellation of 1000 Brilliant Pebbles would cost $11 billion in 1989 dollars – for research, development, acquisition and operations for 20 years, including the cost of replacing each satellite once during that period.  
Except for the ABM Treaty and political resistance, this full constellation could have been built in the 1990s and would be far more effective as a global defense than the combination of all the other basing mode systems being developed today (and for less than 5-percent of the subsequent investment).

But that was not to be.  The Clinton administration killed this novel and promising program in early 1993 – Clinton’s Defense Secretary Les Aspin opined that they were “Taking the stars out of Star Wars.” And as of August 2006, the George W. Bush administration has done nothing to revive it or its supporting technology, which could advance the capabilities of other basing modes.  Click here to review Ambassador Cooper’s May 7, 2001, Wall Street Journal article, explaining the potential of reinstating the Brilliant Pebbles program at the outset of the George W. Bush administration.  
It should not be forgotten that all the pertinent technology was space-qualified in 1994.  Clementine, employing scavenged Brilliant Pebbles sensors and software, returned to the Moon for the first time in 25 years; provided over 1.3 million frames of data in 13 spectral bands – more than achieved by the Apollo program and inferring the existence of water (ice) in the polar regions of the Moon; and won for the small team awards from the National Academy of Sciences and NASA. The entire mission cost about $80 million and “lifted-off” in 2 years from its go-ahead as an SDI project intended to space-qualify essential Brilliant Pebbles components. A model now hangs in the Smithsonian next to the Lunar Lander. A later 1994 Astrid mission flew Brilliant Pebbles miniature propulsion components, space-qualifying them.  
Below is an assessment by one of the Brilliant Pebbles contractors (TRW, now part of Northrop Grumman) of technological capabilities at the beginning of the George W. Bush administration. Thus, today’s technology is several generations more advanced that that flown on Clementine,  and could empower even more capable space-based interceptors – which could reach even further into the Earth’s atmosphere to intercept even relatively short-range missiles in their boost phase.  Such a modern version of the 1000 Brilliant Pebbles constellation would be expected to cost about $16 billion in today’s dollars for development, acquisition and 10-years operation, including the cost of replacing each of the 1000 Brilliant Pebbles once.  
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This system could operate autonomously. Its sensors would pick-up the threat rocket as it cleared the clouds after lift-off – independent of DSP or SBIRS-High.  And it would independently track the flight trajectory of the boosting rocket and its payload after burnout – and provide this information to other “shooters” in the layered defense, independent of SBIRS-Low. Thus, Brilliant Pebbles would not only provide a capability to intercept attacking ballistic missiles in all their phases of flight, they would support other layers by providing critical tracking information.
If these cost estimates could be realized, such a space-based defense system would be the most cost-effective layered defense concept yet considered – by far. The associated timelines for this development activity would be approximately five (5) years, as it was for the original Brilliant Pebbles program. Given the intense 1989 reviews performed by the entire technical community, there is good confidence in these cost estimates and timelines, provided the program is managed effectively. 
Because of the failure of traditional organizations in managing the development of space system developments in recent years, High Frontier recommends a streamlined management approach, much like has often been applied to develop innovative defense systems, such as the ICBM and SLBM in the 1950s and 60s and the cruise missile and stealth in the 1970s and 80s.  Perhaps such a streamlined management organization could be formed within the Defense Advanced Research Projects Agency (DARPA).
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An additional basis for expecting that these cost and timeline estimates for developing Brilliant Pebbles can be realized is the fact that the basic elements of its operations concept was also demonstrated in the 1990s – by a failed business venture but highly competent technical team which produced a space communication system still supporting our military forces in remote settings. Iridium involves 66 communications satellites; was built and deployed in ~5-years for ~$5 billion; and is operated by a small ground crew – precisely the operational concept of Brilliant Pebbles. The Pentagon purchased it for pennies on the dollar – perhaps their least expensive space system ever.

Lasers – The Space-Based Laser (SBL) has been kept in the early stages of development, partially due at least in part to under-funding – less than 10% of its originally requested budget. An Integrated Flight Experiment (SBL-IFX) is designed to culminate in a demonstration intercept in space of a boost-phase ballistic missile target. Due to the current funding constraints, this is not scheduled until well into the next decade. The target number of satellites for the SBL in the current plan is 20, operating at a 40-degree inclination to the earth, ensuring maximum threat negation. Estimates of kill times per missile range from 1 to 15 seconds, depending on the range to the target. Retargeting for the SBL has been projected to be as short as half a second, dependent on the angle change required. Estimation of the effectiveness of a 12 satellite constellation against any missile threat from a source other than Russia is 94% in most threat scenarios, so the planned 20 should provide total threat termination, with a potential safety margin. 

Air-Based Missile Defense

Ballistic missile defense components can also be mounted in or on aircraft.  Sensors can be interconnected into the global network that supports a global missile defense system.  And aircraft also can carry the means of intercepting ballistic missiles, particularly early in their flight, while their rockets are still burning. As for other basing modes, these means of intercept can employ either directed energy (lasers) or kinetic energy. There have been serious programs to develop both, but only the Airborne laser (ABL) laser is current under serious development.
Airborne Laser – The Airborne Laser program is exactly what it sounds like: a high-energy laser mounted on an aircraft. An ABL development program was initiated in 1992 to develop a new means of engaging short to medium range theater ballistic missiles such as the Scud, building on the experience of the Gulf War. The Air Force commissioned a study by Boeing to determine what might be the best platform for a high-energy laser and its control systems. The study concluded that the Boeing 747 with a turret mounted would be the best airborne platform. Boeing is the lead contractor for the ABL, currently being tested.
Raptor Talon – During the George H.W. Bush administration, there was a development program that involved mounting light-weight kinetic kill vehicles based on Brilliant Pebbles technology on unpiloted air vehicles (UAVs), which in turn could orbit at ~65,000 feet over the suspected launch sites of Scuds and other missiles. This concept was called Raptor-Talon; Raptor was the UAV and Talon was the kill vehicle. 

The lightweight components of space-based interceptors – the best technology product from the Reagan-Bush I SDI investment – can empower a UAV-based boost-phase interceptor using Brilliant Pebbles technology. The SDI program was demonstrating the technology for such a concept in 1992. The Clinton administration killed that program along with Brilliant Pebbles and all associated technology development. (As was the case for space-based and sea-based interceptors, air-based defense concepts could not be fully tested under the terms of the ABM Treaty.)  But by 1993, SDI had built and flown UAVs for $1-2 million a copy, demonstrating UAV technology that, in conjunction with the light-weight Brilliant Pebbles technology, would support a cost-effective boost-phase intercept concept.  
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When the Pentagon killed these programs in 1993, friends managed to transfer the UAV technology to NASA. One of the most impressive subsequent NASA demonstrations involved a SDI developed solar-powered UAV (the Pathfinder) in setting high altitude endurance records. The solar cells power the UAV and charge batteries during the day and the batteries power the UAV at night. 
A UAV-based boost-phase intercept capability should be revived.  For the past decade only the Israelis have pursued such technology – paid for mostly by the American taxpayer.  And they have included this concept in their architecture for a layered defense for Israel.  The U.S. could do far worse than follow the Israeli lead. 

Such a capability could be useful in Theater defense applications and for providing a defense against SCUDs launched off ships near our coasts – especially under conditions involving an elevated alert situation..
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