Good afternoon, I am here to present a space based radar concept, called Discoverer II.

DII is a joint space radar venture between DARPA, the Air Force, and the National Reconnaissance Office.

First I will present the DII concept.  Next, I will discuss what new capabilities such a system could provide the warfighter when operationalized. I will then discuss the electronically scanned array [ESA], explaining how space radars differ from their air breathing "brethren.”  The role of onboard information processing will then be addressed, and I will unveil some record-breaking digital chips that we have manufactured and tested.  I will close with a representative military user scenario.

As directed by recent congressional guidance, Discoverer II terminates in FY00. However, per appropriation language, the NRO, in consultation with DARPA, will continue to develop space based radar technology.

So what is Discoverer II?

Although our airborne assets, such as JSTARS, U-2s and UAVs, are expected to do a superb job, we require additional capabilities as a complement to these airborne platforms to ensure U.S. forces attain the dominant battlefield awareness envisioned in Joint Vision 2020.

Essentially, that means providing: 

* assured, reconnaissance of areas of interest - - worldwide;

* on-demand near-continuous reconnaissance and surveillance of selected ground and maritime objectives;

* coverage of blind spots, or "shadowed" areas, obscured from view of stand-off airborne platforms;

* rapid acquisition and tracking of mobile, time-critical targets throughout the depth of the theater;

* precise geolocation of objects to support targeting; and

* high-quality terrain mapping.

To that end, Discoverer II's objectives are to demonstrate the feasibility of: 

* day/night, all-weather, space-based GMTI search/track, and high-resolution imagery;

* theater dynamic tasking of space-based, or "overhead," GMTI and imagery collection;

* near-real-time, direct downlink to theater; and

* collection of precision digital terrain elevation data (DTED).

It is essential that each satellite is sufficiently low cost to make acquiring a large, operational constellation of satellites affordable -- to enable near-continuous observation, and on-demand collection, against areas of interest, anywhere around the globe.

What new capabilities does such a system bring to the warfighter?

The most prominent new capability DII brings is the ability to detect, characterize, and track moving targets (ground moving target indication; that is, GMTI).  GMTI enjoys very high area rates as shown in the map of the Midwest United States.  GMTI, collected at high resolution (1m), yields a capability of mapping the large rectangle, shown over a to-scale map of the Midwest, 15 times a day.  In contrast, 1m SAR can only collect once per day the smaller rectangle.

Such a wide area GMTI capability could be used as a wide area cueing filter to handoff to other sensors, or to other modes (e.g., SAR or 3D mapping) using the DII radar sensor. GMTI would allow covering multiple theaters of interest (since dwell times are so very short), and "birth to death" tracking of high valued assets.  The high resolution can be used to classify the type of vehicle being radiated, as well as enhancing track association statistics.

3D Terrain mapping is another data product offered by DII.  Terrain maps can be used to improve targeting accuracy. This is illustrated by the figure in the upper right hand corner.  The terrain map is used to form a synthetic SAR image template that is then correlated with the real time SAR image.  The Discoverer II goal is to obtain 1-foot height accuracy with 3m absolute accuracy. Accurate maps of terrain can also be used to enhance situational awareness such as improved battlefield visualization (trafficability and obscuration assessment, for instance).

We now turn our attention to the technology that makes this all happen.

First we consider electronic scanned array (ESA) technology.  An active electronic scanned antenna is critical for the cost attempted by DII. The ability to scan without mechanical slew allows for simplified satellite bus design, as well as the agility to look at multiple areas of interest virtually simultaneously. Conventional ESA designs are cost-prohibitive, requiring innovation to achieve volumetric scan, such as reducing the number of TR modules (that is, thinning).  Heavy automation and streamlined testing are sought to reduce manufacturing costs.  Finally, digital information processing is a key affordability innovator.

It is useful to compare a space ESA form-factor to an airborne ESA.  An airborne sensor needs to be compact to fit in an aircraft, and power is relatively cheap.  Hence we buy power aperture product (which defines performance) with little aperture and lots of power.  This leads to a transmit receive module for each radiator site.

In contrast in space aperture is fairly cheap, however power is at a premium.  This leads to the desire for a thinned array design whereby one module feeds many radiators, while maintaining volumetric scan. The bottom line is that the constraints of space lead to new ESA design challenges; we cannot simply inherit a design from our airborne older sisters.

Let us now look in more depth at how we expect to achieve our cost savings.  First of all, we wish to work with a small aperture, small, that is, relative to the clutter spread (which is much broader than airborne systems). This allows multiple satellites per launch vehicle. This limited aperture results in the clutter appearing as a mainbeam interference source.  Small apertures lead to large (about 5km) cross range cells which require wideband data to "image" targets thereby associating them with higher reliability.

Now, mainbeam clutter nulling requires space time adaptive processing which can only be effective if the interference is fairly low.  The only way clutter interference can be reduced is to increase bandwidth, so the clutter ring associated with the target is small, hence nulling requires wide bandwidth as well.  Also we do not want to put unnecessary weight in orbit which means the array will suffer some degree of flexibility.

This in turn requires adaptive weight formation for calibration. The need for wide bandwidth, coupled with the need for adaptive processing for calibration and clutter suppression in turn leads to high throughput (Teraflop class) processing on orbit.  We see then that emerging information processing enables an affordable constellation.

We now turn to technology to implement this information processing.  The information processing we just described requires significant amounts of on board processing; more than can be obtained in a space-based compliant form factor.

To address this technical shortcoming we have developed, at MIT Lincoln Laboratory, a chip set to rapidly calculate finite impulse response filtering and Fast Fourier Transformation.  The chips are, in combination, capable of 200 Billion operations per second.  They are based on a bit serial systolic architecture that is highly efficient from a power consumption view, capable of as low as 100Gflops/Watt.  

Another novel aspect of DII required to overcome poor cross range resolution is that we obtain range profiles from each target.  The tracker uses these profiles to associate targets and remove clutter.  The range profiles can also be used to associate targets through turns or forks in the road as illustrated here.

We now turn to address mission utility.

Let us consider an example involving mobile missile launchers (i.e., TELs). First we obtain SAR images and use analysts to identify possible SCUD operational areas.  Next using terrain data we eliminate those areas where the SCUDs would not be visible to the radar.  Then we use GMTI and SAR to filter out non-vehicles. If a SIBRS cue is available we can use it to further localize potential targets.  Next we use tracking to determine which potential SCUDs are mobile.  We then use high resolution profiling to reject targets which are not of appropriate length.  If targets vanish we can identify their location at moment of disappearance as a hide.  We can then target the SCUD when it stops using a high resolution spot SAR, deliver a weapon, and then conduct Bomb Damage Assessment using SAR and GMTI.

The benefits of global, near continuous surveillance of fixed and moving targets are so compelling that it is a matter of when, not if, we migrate GMTI to space.

We invite you to share with us your innovative technology to help us hasten the arrival of that day.

