Welcome to the Tactical Technology Office Session of DARPATECH.

This morning you learned about a few of DARPA's ENABLING technology programs.

This afternoon you will learn about some of DARPA's SYSTEMS programs that exploit this new era of nano-electronics and DARPA's unique charter to go beyond today's military requirements and develop things that are truly new.  In my view, it is these "beyond requirements ideas" that are key to enabling a true "Revolution in Military Affairs"!

What do we mean by a "systems program" at DARPA?  To DARPA, it is a program that is focused on exploring the impacts of a new idea or a new technology on military systems.

Niels Bohr once said "It is very hard to predict...especially the future"!  That is why it is so important for DARPA to explore ideas that are not justified by today’s military requirements.

The introduction of new technology will typically impact a system by improving its basic performance.  New ideas and technologies impact a system not only by improving system performance, but also by demanding a new way of doing business.  For the military, this means a fundamental reexamination of their "Concept of Operations,” tactics, techniques, and doctrine.  For DAPRA, it means working closely with the warfighters to help them master this new technology.

In TTO, we seek to develop systems programs that involve the complex integration of new ideas...and enabling technology that fundamentally changes how our warfighters will accomplish their missions.  However, these ideas are sometimes so radical in their implications for future warfare that they threaten the older ways of doing things.

I believe as innovators, our mission is the introduction of that new order.

The briefings I have selected for this afternoon represent some of TTOs newest and most challenging programs for developing new technology and CONOPS for the military.

This last spring we began the UCAV-N program in partnership with the Navy.  We are exploring how unmanned combat systems would work in a carrier environment and how they benefit Navy missions.  Our priorities are not only the combat missions of strike and SEAD but, given the premium, on carrier deck space, we also will understand the potential for Airborne Early Warning surveillance missions.

Our newest joint program is the Future Combat System.  The Army has embarked on a tremendous task to make our ground forces much more deployable, an "early entry" capability far beyond the speed bump presented Iraq by the 82nd airborne.  DARPA offered its ideas and a hand in exploring advanced technology to bring the best material solution to the battlefield of the future.  For the Army, this shift to distributed precision indirect fires and network centric warfare may be as wrenching as the introduction of the carrier and the aircraft was to the Navy.

I was once told a good idea is like a cork, you can push it down, but it will always pops back up!  You will hear about a good idea, Discoverer II.  To DARPA, the Air Force and the NRO, DII is about Affordable Space Radar for Global Reach, Ground Surveillance.  We were warned that this would be a very hard and long road, but the idea of continuous surveillance is so compelling, we had to try.  Today you will hear that from a technical vantage it looks feasible and affordable.  We have developed space active array antennas that are 1/3 the weight and 1/5 the cost.  I believe it is only a matter of time... this idea will pop up again!

You will next hear about our newest effort, the Orbital Express program.  It is exploring the idea of autonomous unmanned space re-supply and the implications of space commodities on future space forces.  In its fullest vision, Orbital Express will force us to rethink our whole approach to space, from the launchers to the satellites.

The final program you will hear about is our Dynamic Database project.  Simply put, it is a geospatial database for intelligence and surveillance systems.  This Dynamic Database is a multi-INT, fused, and most importantly, a self-tasking sensor database.

But before you hear about these programs from their program managers, let me take a few minutes to give a little insight into some of our ideas.

In the area of Global Surveillance we are motivated by two compelling challenges, birth to death tracking, and moving target ID.  We have made some tremendous progress in applying space-time adaptive processing to space-based radar and developed very innovate module-level thinned Active ESA Antennas for large space radars.  Unfortunately, Congress has directed us to rethink our approach to the development of advanced space radar systems.

In the area of electro-optic imaging we are developing one million-element, MEMS-based Adaptive Optic Modulators for precision imaging and tracking.

Finally, we are exploring how to solve some very difficult problems of long-range sensors using what we like to call "short range sensing,” or in-situ sensing.

One approach to exploiting "Short Range Sensing" is by developing micro air vehicles for unrestricted close access.  Micro air vehicles will provide I&W, surveillance and real-time BDA of priority areas, including difficult urban regions.  Over the last few years, we have developed several new air vehicles and are beginning to conduct flight tests.  Our challenges are flying in turbulence, being able to land or perch, and finally, to enable flying through complex clutter environments.  Think of flying under the tree canope in Kosovo...and being able to detect and identify Serbian Targets.

To fully exploit this idea of short range sensing, we will need to develop the command, control and communication systems for in situ sensors.  The Draft program is developing an innovate solution to this problem.  The basic idea is to use an airborne radar as the communications channel.  Our competitive approach promises to offer an affordable C3 link which will work with many different systems, and support many different missions including in-situ sensors and blue force ID.

In the area of Aerospace Systems, DARPA continues its legacy of developing a broad range of unmanned systems.  From Combat UAVs, to Micro Air Vehicles, from unmanned ground systems to unmanned space systems, we are exploring new and innovative concepts that exploit the new synergies of nanoelectronic, aerodynamics, and autonomy.  As examples, we are developing two new classes of rotorcraft, the A-160, a hingeless rigid rotor helicopter, and the Canard-Rotor-Wing vehicle, a descendent of DARPA's X-Wing program.

In this last year we have successfully transitioned our Miniature-Air Launch Decoy, or MALD, program to the Air Force.  This year they will begin a 150 unit "Silver Bullet Buy" of this autonomous, powered decoy.  MALD will greatly complicate the targeting problem faced by enemy air defense systems.  Also, we are now exploring other uses of this mini UAV, like a low cost cruise missile interceptor.

In space, TTO is working to explore autonomous on-orbit resupply and avionics upgrade capability for high-value space systems.  Unlimited mobility of spacecraft will dramatically change how we use space systems in the future.  Agile spacecraft will be come more survivable, even in an environment of proliferating anti-satellite systems.

We have worked very hard over the last few years to get DARPA back in space and hopefully, with a little encouragement, DARPA will remain in space.  After all, in 1958 we were created to deal with the new technical challenges of the space age.

When I joined DAPRA in 1995, one of the first programs we developed was the Unmanned Combat Air Vehicle.  This month we will preview DARPA's next X-Vehicle, the X-45 Unmanned Combat Air Vehicle.  It will have the same payload as an F-16 manned aircraft, but will be dramatically smaller and more survivable.  It is ideally suited to perform the most hazardous combat missions, what the AF calls the three Ds, dull, dangerous, and deadly.

The program has met all its key design goals and has developed a remarkably light air vehicle weighing in at 15,000 lbs gross takeoff weight.  We have doubled the payload mass fraction of strike aircraft and are on track to deliver at 1/3 the cost of a JSF aircraft.  With any luck, our first flight of air vehicle #1 will be this spring.

We have also developed one of the most exciting aerodynamic technology programs in the country, exploring the benefits of aerodynamic flow control by exploiting nanoelectronics and MEMS.  We are currently developing open loop active flow control systems and beginning to experiment with closed loop, adaptive flow control systems.  Let me show you a few examples... We have just completed a C-17 engine rig test using pulsed jet mixing to reduce the exhaust stream peak temperatures.  The graphic shows predicted temperature before and after pulse injection.  The benefits of limiting hot spots include elimination of titanium slats and core thrust reverser, and instead allowing for lower cost aluminum slats and fan-air thrust reverser.  In addition, ground crews should be able to work behind aircraft with engines running.

If successful, we believe the Air Force will retrofit the entire C-17 fleet with a projected savings of $1 million per aircraft.

Another high payoff use of flow control is in the use of engine aspiration.  Our initial test results suggest we can increase the pressure ratio of each turbine section and thus reduce the number of turbine stages from 14 to 6.  We expect to reduce the length and weight of a modern jet engine by a factor of 2 while maintaining performance.

Thirty-one months ago we began a small effort to explore the feasibility of using a very rigid in-plane rotor with a wide rpm range as the basis for a new class of rotorcraft.  Our recent ground rotor dynamics testing has demonstrated a wide rotor rpm range and good lift performance.  Our flight tests are scheduled for this next spring and if successful, we will have demonstrated a new rotorcraft with twice the aerodynamic efficiency of conventional rotorcraft.

We believe this new level of performance will play key roles in the Army's Future Combat System and the Navy's VTOL UAVs.

The land systems area of TTO has been very busy this last year.  Our ideas on light, early entry forces using unmanned systems, like our AFSS "missiles in a box,” and unmanned ground and air vehicles form the basis for the joint DARPA/ARMY FCS research program.  Our basic idea is depicted here and is to build the "future tank" from the ground up, distributing the functionality amongst many manned or unmanned vehicles and to optimize the functionality of each element, exploiting the freedom of a network, UAVs for elevated sensors, indirect netted precision missiles for fires, unmanned vehicles and off-board sensors for lightness, etc.

The end result we think, is to create a lighter, more agile and equally effective fighting system that can be deployed to any battlefield on a moments notice!

Our hybrid electric vehicle work is coming to completion with the field-testing of our Reconnaissance, Surveillance and Targeting Vehicle or RSTV program.  It is currently undergoing field-testing at Milford proving grounds.

Hybrid electric vehicles are now the basis for high efficiency vehicles for GM, Ford, Toyota, and Honda and we believe, shortly the US Army.

As we look at the next generation of unmanned systems, from space to micro air vehicles, what is clear to me, is that communications will continue to be a limiter and a bottleneck, yet at this same time we are headed towards putting a billion transistors on a chip.  Think of it, a billion transistors!  I remember building my first computer using an 8 bit, 100K-transistor microprocessor and 1kbit SRAM memory chips!!

Delivering power and volume efficient processing is the focus of our embedded processor work in TTO.  Our Adaptive Computing Systems program is delivering reconfigurable processors today that are 10 times more efficient than DSPs and completely reconfigurable.  We recently developed the first "1 nanosecond" reconfigurable processor using a context switching architecture.  Our next challenge is what we call the Mission Specific Processor program, with a goal of a 10-fold increase in power efficiency over standard cell ASICs using fully custom designs on commercial processing lines.

I would like to conclude my talk with an idea.

As we move towards achieving this idea of "Dominant Situational Awareness,” we are finding that although our image collection systems can provide prolific amounts of imagery, our ability to exploit data is much more limited.  To me this notion of trying to accomplish the warfighting mission of battlefield surveillance via imagery sensors is not a good idea.

It is interesting to think that we have never developed a surveillance system based on imagery, we always use motion.  So, in my view, a better approach is to use wide area, course filtering sensors, like GMTI or SIGINT, to detect, and track motion on the battlefield and then and only then, cue our imagery sensors.  This will allow for a manageable workload for our image exploitation analysts and more importantly will form the foundation for scalable, real-time surveillance architecture.

In effect we should adopt a motion centric approach and not an image centric one.

I was once told that the DoD and Intelligence Community’s TPED problem is that it is getting too much data and they don't know what to do with it.  I do not believe this and let me show why with a little experiment.

(Video Freeze Frame)

In this next video freeze frame you see, I would like you to find the football amongst the fans or what a physicist would call clutter.  Now, let me show you the whole picture!

(Video Clip)

So, is the problem too much data, or rather is it too little data?

