I am Greg Vansuch in DARPA's Special Projects Office.

I'm here to tell you about our Guidance and Navigation Technology programs.

DARPA has been involved in this field since the 1980s, with the Handheld GPS Receiver program nicknamed "Virginia Slims." It was the first true handheld GPS Receiver, and is the basis for many of the receivers used by the military today.

In the year 2000 we have three active programs. The first is the GPS Guidance Package, or GGP.

The GGP is a GPS receiver tightly coupled with an inertial navigation system. The inertial instruments have an accuracy of 1nm/hr in a package the size of a lunch box. Because this program is finishing very soon, I will not discuss it in any length today.

The second program is to build a cheap, small inertial navigation system (or INS). The idea is to use MicroElectroMechanical System technology (or MEMS), which can produce cheap mechanical systems using manufacturing techniques similar to the electronics industry. By making the INS very small and cheap, a wide variety of military systems can use it.

The third program is called Global Positioning Experiments, or GPX. We are solving the problem of GPS jamming by using airborne pseudo-satellites (or "pseudolites") which provide high power GPS signals to overpower jammers.

What is the motivation behind these programs?

The GGP is a highly accurate navigation grade system. We focused on improving the reliability, size, cost, and performance by using solid-state inertial sensors and a 12 channel GPS receiver.

The MEMS INS, on the other hand, is a less accurate system, often called tactical grade INS. Missiles today use a tactical grade INS, but a smaller, cheaper MEMS-based INS could enable many new applications that couldn't consider an INS in the past - munitions, personal navigation, and micro air vehicles.

The pseudolite technology in the GPX program is aimed at solving the GPS jamming problem with minimal modification to the many GPS receivers already in the DoD inventory. This is a critical capability, especially in the near term, since improved anti-jamming GPS satellites are not expected to be ready until 2008 or later.

With this overview, I'd now like to focus on the MEMS INS program and then the GPX program.

We envision a wide variety of applications for MEMS INS.

Today and in the future, US soldiers and vehicles will be equipped with GPS receivers for geo-location. But GPS doesn't work when you're inside buildings, under dense foliage or under water. When this happens, the MEMS INS can provide navigation until GPS signals are restored, and also help with re-acquiring the GPS signals.

Being small and low cost, a MEMS INS can support the guidance function in air-to-surface and surface-to-surface munitions.

A MEMS INS could support pointing and orientation for artillery and targeting equipment.

We suspect that when we achieve our goal of a tactical grade INS costing $1200, the military and civil applications will increase enormously, much like they have for GPS.

We have three contractors developing MEMS-based inertial navigation systems in the program: Litton Guidance and Control Systems, Draper Laboratory and Kearfott Guidance and Navigation Corporation. All three contractors are working towards tough performance, power and volume goals. The accuracy goals are 1-10 degrees/hour gyro drift rate and 0.5 mg accelerometer bias. The size goal is 10 cubic inches, and the power consumption should be less than 3 Watts. These goals are stressing, but the contractors are making good progress towards meeting them.

You may not have a clear picture of what a MEMS INS is.

The two types of sensors in an INS are accelerometers and gyroscopes. MEMS-based accelerometers are fairly common. Automobile manufacturers use them to trigger air bags. But gyroscopes, which measure rotation, are not as easy to make, and have been the main challenge in this program.

I'd like to show you a conceptual version of a MEMS gyroscope, the Litton Silicon Gyroscope. The device uses the Coriolis effect to measure rotation. The Coriolis force is a coupling between velocity and rotation of an object. Mathematically, it's the cross product. The platform rotation that we're trying to measure is around the input axis (labeled IA). The velocity is supplied by dithering the mass around the dither axis (labeled z). This creates velocities with opposite signs on the two sides of the mass. In turn, this produces a Coriolis force with opposite signs on the two sides of the mass, and causes the body to rotate around the output axis (labeled OA). This rotation is measured using pickoff plates mounted below the two sides of the mass.

The actual device is more complex than this but the size is only a few millimeters across. This small size is the principal advantage of MEMS technology. It translates into lower weight and lower power.

The other advantage of MEMS is its potential for lower cost. The process to make these devices can move easily to high volume, automated, low cost production lines.

The challenge is to take advantage of these features while getting the performance needed for military applications.

Changing gears now, I'd like to tell you about the Global Positioning Experiments program, which is developing airborne pseudolites.

You can think of a pseudolite system as being a miniature GPS constellation.

Four pseudolites are required for a full navigation solution, just like four GPS satellites are required today.

The concept is that the airborne pseudolites would find their own position from GPS satellites, even in the presence of jamming. They do this through a state-of-the-art beamforming antenna and signal processor that decrease the effects of jamming by 45 dB. Then they transmit a GPS-like signal to the ground at much higher power and at closer range than the satellites can. This signal overwhelms the jammer and allows the multitude of users to ignore the jamming and continue to navigate.

The two initial hurdles were to provide updated aircraft positioning information to the user equipment on the ground utilizing the standard GPS signal data rate of 50 bits per second and to limit the changes to the GPS receivers to software only.

We accomplished both tasks and demonstrated them in November 1999 in Cedar Rapids, Iowa. The pseudolites transmitted GPS-like signals on frequency L1 to user receivers on the ground. The receivers, a modified PLGR and modified JDAM receiver, were able to navigate to nearly the same accuracy as normal GPS.

I should point out that only one airborne pseudolite was used in the demonstration in Cedar Rapids. The other three pseudolites were mounted on towers to keep costs down.

This first demonstration was focused on showing that the software modifications to the ground equipment would allow it to navigate using an aircraft GPS-like signal instead of the satellite GPS signal.

The next step was to put the jammer in the picture.

In cooperation with the Air Force UAV Battlelab, we were able to demonstrate GPS navigation ability in the presence of a jammer in April 2000 in Fort Huachuca, Arizona. The airborne pseudolite was mounted on a Hunter UAV. With a 10-watt jammer operating, the GPS receivers with the software modifications worked in the presence of jamming, while unmodified receivers were jammed and ineffective.

In short, the airborne pseudolite concept can work!

With these accomplishments in mind, I'd like to talk about our schedule for the future.

The GGP program is in the process of delivering the final units. They will be used to support demonstrations in fiscal year 2001.

The MEMS INS program will deliver IMUs in late fiscal year 2001 and early fiscal year 2002. This will be followed by field demonstrations through most of fiscal year 2002.

Key GPX feasibility demonstrations have already taken place. Demonstrations of the digital beamformer are underway this fall. Future demonstrations will include the transmit antenna, multiple airborne pseudolites, and a captive carry weapon test. Finally, a full up multiple pseudolite live weapon demonstration is planned in 2003.

This trio of guidance and navigation programs at DARPA is wide-ranging.

It includes a system ready to go to production (GGP), and concepts that are still in the laboratory. It includes revolutions at the component level (MEMS INS), and revolutions at the conceptual level, with the airborne pseudolite approach to GPS jamming countermeasures. DARPA continues to develop, demonstrate, and deliver innovative guidance and navigation technology, in order to put the best tools in the hands of the US warfighter.

I look forward to hearing new ideas from you to help us in this mission.

