Good morning. 

I'm Lee Moyer.

I manage several of DARPA's Counter Camouflage, Concealment and Deception, or CC&D programs.

Today I'll describe several areas in which the Special Projects Office is developing technologies to detect concealed targets.

CC&D encompasses a wide range of measures that an enemy could employ to defeat surveillance and targeting sensors. Parking vehicles and weapons in the trees is probably the simplest and among the most effective forms of CC&D. To make detection harder, these targets could also be covered with radar, visual or thermal camouflage nets. Foliage can also provide an effective cover for moving vehicles, while chaff and smoke can mask targets in small areas or narrow corridors. Adverse weather can conceal operations in a large area. The Battle of the Bulge is among the most well known uses of both foliage and weather cover. Tactics such as sprint-and-stop maneuvers to prevent track formation and using decoys to divert attention are also effective measures for concealing moving targets.

SPO is developing new technologies to defeat these CC&D tactics.

I'll present several of our on-going programs to you this morning.

DARPA is addressing the CC&D challenge with a diverse set of concept and sensor development efforts.

Each of these is focused in developing a unique technology to counter an enemy's tactics.

Radar ranks high on our list.

Foliage penetration, or FOPEN radars are being developed to counter targets that maneuver through and hide in the trees. FOPEN synthetic aperture radar, or FOPEN SAR, is used to detect stationary targets, while FOPEN GMTI radar is used to track moving targets.

FOPEN radars are all-weather, all-terrain sensors that can continuously observe vehicles. Having a high update rate tracking capability allows target locations to be accurately known at all times.

Track and information files that have been accrued about the target over periods of minutes or even hours can now be maintained, as there will be a low probability of track loss or misassociation.

Combining data obtained from different types of active and passive sensors that are cued by a FOPEN radar could be an effective means to improve counter CC&D performance. This fusion of FOPEN radar data with microwave radar and laser radar data, optical and infra-red images, and signal intercepts can potentially increase the number of targets detections, reduce the number of false alarms and aid in classifying and identifying targets.

As I've said, the goal of DARPA's FOPEN radar development efforts is to deny the enemy the ability to maneuver and to hide under trees.

Here we see photos and SAR images of vehicles parked along a logging road in Maine.

A microwave and a FOPEN SAR were used to collect the data.

The aircraft flight path was from left to right across the top of the radar images.

As you can see, the microwave SAR cannot detect the targets because it cannot see through the foliage. The dark shadows from the trees are evidence of this fact.

However the FOPEN radar is able to penetrate the forest and detect the vehicles.

A challenge for FOPEN radar is to minimize the number of false alarms due to clutter reflections. The many bright pixels that you see in the treed areas in the FOPEN SAR image are mainly caused by reflections from tree trunks.

High radar resolution is one technique that allows tree reflections to be sorted and rejected by the system. The resolution of this FOPEN SAR image is greater than 1 meter.

The FOPEN radar currently being developed by SPO, which I'll next describe, will have both better sensitivity and resolution than the SAR that was used to form this image.

The Special Projects Office is currently flight-testing an advanced, dual-band FOPEN SAR. This revolutionary radar will provide detection and cueing of concealed stationary targets in real-time. In fact, our new system is two co-located, mutually coherent radars.

The lower-resolution Very-High Frequency, or VHF, SAR quickly screens for targets, while the higher-resolution Ultra-High Frequency, or UHF, SAR discriminates target returns from strong clutter reflections.

This new FOPEN radar can form strip maps, which are images of an area that is parallel to the aircraft track.

Additionally, the UHF SAR antenna can be mechanically steered to continuously point the beam at a designated area. Spotlighting the terrain in this manner allows very-high-resolution images to be formed.

The Advanced Technology Demonstration, or ATD, system that I'm describing is a major step forward in radar technology. It first performs on-board image formation processing and target cueing. It then sends candidate target chips to the ground station over a tactical data link for detailed image analysis.

The ATD system is being flown on an Army RC-12 aircraft during the data collection and demonstration phases of our program. However the ATD system is designed to be more than 85% form, fit and function compatible with the Air Force's Global Hawk UAV, and in fact it’s almost 95% compatible.

Because of this design requirement, relatively little additional work will be required to transition FOPEN SAR technology to the Warfighter.

Testing of the FOPEN SAR will continue through 2002. The Army will then assume operation of the radar.

The system is initially collecting data to train and to refine Automatic Target Detection and Cueing algorithms. The radar will next participate in military exercises to assess the value of FOPEN technology to the warfighter. The radar will also be used to investigate several other applications of VHF and UHF radar technology.

Although much research has already been performed in FOPEN SAR, there are still several areas in which studies are being conducted. Techniques to find small targets and to better discriminate target and clutter returns are of particular relevance.

Another active topic is the suppression of radio frequency interference, or RFI, in the crowded VHF and UHF regions of the radio spectrum where the FOPEN SAR operates. Consider that our VHF and UHF radar signals overlap into the spectral bands used by radio and television stations, FAA navigation aids, and both military and civilian communications systems, and you will appreciate the RFI challenge that we face. In addressing the spectrum overlap issue, the FOPEN program is also investigating transmit waveform designs that minimize interference caused by our radar to the various communication and navigation systems. Our design challenge is to provide radar waveforms that cause minimal interference while maintaining a high average transmit power. Also these spectrum-friendly waveforms must not degrade the quality of the SAR images. 

Post-processing of the FOPEN data is another active technology area. Techniques to accurately characterize a target are of particular interest. We work in an environment that has both high signal attenuation and depolarization. The depolarization is caused by reflections from trunks and branches as our signals pass through the foliage. Also the reflections from the tree trunks and branches overlay the target signature. Couple these effects with the long wavelengths that we are using to image the targets and you will begin to understand the difficulty of this task.

Coherent multiple-pass processing is another new, and I feel very   exciting, technology area. Change detection algorithms are currently being developed to determine where targets have entered or left an area. Multiple-pass imaging also has the potential to reject returns from clutter that is above the target, as well as to determine the height of objects. Additionally, multiple-pass tomographic imaging might allow a reduced bandwidth waveform to be used to form SAR images. This could lead to a simpler type of FOPEN radar in the future.

Finally, in addition to detecting targets, the FOPEN SAR can be used to characterize and to monitor the forest environment. For example, data from a VHF or UHF radar can be used to create bald earth Digital Elevation Models, or DEMs. Bald earth DEMs depict the actual terrain height. This is a truly unique capability, as microwave and electro-optical sensors measure the heights of the forest canopy.

The FOPEN program is examining techniques that accurately estimate quantities such as the tree trunk diameter and spacing; the terrain slope, roughness and moisture content; the canopy density and provide other environmental information. This is an area that obviously has both military and civilian value.

Integrated, multi-function VHF and UHF sensors are a new SPO interest. This concept would combine SAR, GMTI radar and Electronic Support Measures, or ESM into a single system. ESM is used to passively detect communication, navigation and sensor signals. Passive detection provides information that complements the radar detections.

An integrated, multi-function system provides several unique capabilities. For example, it can track moving targets to a stop, reveal their deployment and identify targets by their emissions.

Also, the GMTI radar could operate bistatically, using emitters located at considerable distances to illuminate the target area. The emitters could be identified, geo-located, characterized and selected using the on-board ESM equipment. In addition to providing greater survivability, bistatic operation can enhance target position estimates using multi-lateration techniques.

Another bistatic capability is to remove, to a large degree, the radar platform motion effects that degrade GMTI performance. If two aircraft fly what are known as clutter tuning geometries, the overall motion of the bistatic radar system can be virtually eliminated.

Clutter tuning would allow the detection of very slowly moving targets without requiring a large signal processor, possibly making for a very low cost design.

A monostatic FOPEN GMTI radar will require a large antenna to detect and to accurately track targets. A high gain antenna can overcome both foliage attenuation and adaptive processing losses, in addition to providing accurate angle estimates. High-power, lightweight T/R modules are an example of maturing technologies that will enable such large antennas to be deployed at high altitudes. Emerging technologies such as photonics could potentially provide additional size and weight savings.

The Special Projects Office is currently conducting system studies to assess integrated SAR, GMTI radar and ESM systems, and to quantify the system requirements. We are also conducting experiments to characterize the target and clutter returns at VHF and UHF, and determine the detectability of targets moving under foliage. In the coming year SPO will conduct detailed analyses of the GMTI data that is currently being collected.

The development of an integrated sensor system will require advanced antenna, transmitter, receiver and signal processing technologies, as well as new detection and tracking algorithms.

A Concept of Operations, or CONOPS is also necessary to effectively utilize such a system.

These are all areas that must be investigated to successfully deploy an integrated radar and ESM system.

Microwave radar and spectral sensors are existing assets that can be cued by a FOPEN radar to aid in countering CC&D tactics.

Multispectral and hyperspectral sensors detect and identify targets from their color, reflectance and other characteristics that can be observed in the visual and infra-red bands. The fusion of radar and spectral sensor data could help to detect targets in shallow hide, and to reduce the overall number of false alarms. Data has recently been collected using several different SAR and spectral sensors to image a well calibrated, target-rich test location. We are considering conducting additional multi-spectral data collections that will include the FOPEN SAR ATD system in FY01 and 02.

SPO is exploring the fusion of multi-spectral sensors using our recently collected data. We are currently investigating automatic image registration techniques, target detection algorithms and target identification concepts that use spectral, texture, shape, orientation and polarization features. Future work in this area will depend on the success of these on-going investigations.

SPO is investigating ground-based GMTI radar receivers for providing both an in-the-open and a FOPEN capability. The radar is designed to detect moving vehicles and personnel. The system can operate using either a cooperative transmitter or a non-cooperative emitter of opportunity such as a television transmitter.

The goal of this program is to provide rapidly deployable force protection to the warfighter.

The radar must be low-cost, lightweight and simple to operate.

The Special Projects Office is developing a prototype system for a future ground-based GMTI radar. We are currently conducting field tests of our proof-of-concept hardware.

During the next two years SPO will gather and analyze GMTI target and clutter data using both airborne and ground illuminators. We plan to visit a number of test sites that have different types of terrain and foliage. SPO also intends to enhance our test system to provide a greater tunable bandwidth, more receiver channels and adaptive processing. Additionally, we are currently looking into component technologies that will enable us to fabricate low-cost, lightweight array antennas for such a radar. Signal processing algorithms for improving target detection and tracking, rejecting RFI and operating from moving platforms are currently of interest. The CONOPS for such a radar is another topic that we are considering investigating.

To conclude, we in the DARPA Special Projects Office are addressing the prosecution of concealed targets through a variety of innovative concepts.

Advanced airborne and ground-based sensors are currently being developed. Our goals are to determine what technologies are best suited to this task, and to mature these technologies for transition to the warfighter.

The Special Projects Office is always looking for new and better approaches to this difficult challenge. We encourage your presentation of ideas that could help us to achieve our goals. My e-mail address is included in your handouts should you desire to contact me to discuss topics in the area of countering concealed targets.

This concludes my presentation. I will be available to answer questions at the break.

I appreciate having this opportunity to address you, hope that you have found my talk to be informative, and thank you for your attention.

