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SUBJECT:
"An Internet-based Differential GPS System" (IGDG)
I am writing to document the importance and significance of the IGDG software. IGDG began in my Work Area (Navigation and Radio Metric Tracking) in the Technology development program of the Telecommunications and Mission Operations Directorate at JPL. It started as a small developmental task associated with a “microGPS” instrument development. We developed a small piece of software to do real-time onboard spacecraft positioning. With literally just tiny fragments of funding in JPL’s R&D program (including a small amount of internal B&P funding), we further enhanced this software to provide ground and near-Earth user positioning as well. The software development, although on a shoestring budget, was well thought out, and the code was made very modular and general, which proved to be an excellent strategy.  The FAA and several contractors realized the significance of this development, and it was quickly adopted into their Wide Area Augmentation System (WAAS) program as the core software for determination of GPS “corrections.” WAAS, which is about to go operational, will soon be providing pilots in U.S. airspace with meter-level accurate knowledge of their positions in real-time through use of these “corrections.” This represents a very significant technology transfer from JPL’s R&D program into an operational program of great importance and significance to our country and society: this early version of this software is literally affecting many millions of people by helping to enable safer aviation, not only in the U.S., but also in Japan (where a “clone” of the U.S. WAAS is being implemented, with this software also) and in South America (where it is also planned for operations in the future). The WAAS system, itself a $1B+ implementation, is expected to save $10B+ in the first decade of operation in reduced fuel costs and reduced airport expenses. The safety enhancements of WAAS, are probably incalculable in dollar terms. 

Even as WAAS implementation proceeded, however, we continued the new technology development in JPL’s R&D program, and Dr. Bar-Sever and his team have now topped their previous accomplishments. They are the first to prove, with IGDG, that ultra-precise (10-cm) real-time positioning is possible globally with GPS. Local, or regional systems are available commercially, although none are better than the few-meter level in accuracy, and none provide global or space coverage. A large number of civilian, commercial, NASA, and non-NASA programs are poised to exploit this new capability of IGDG. The example noted above is a notable one: scientific Earth orbiters often require significant ground processing systems, in part because they do not know where the satellite was when it was collecting remote sensing data. Backing this information out after the fact requires elaborate data recording, dowlinking, and processing systems on the ground. Dr. Bar-Sever’s team has not only shown, at very very low cost (using the Internet), that precise positioning can be done on Earth in real-time; they have also laid the groundwork for putting such a system onboard satellites of all types. This revolutionizes the concept of onboard autonomous navigation. Ten years ago, we were told that our proposal to reconstruct orbits for Topex/Poseidon to the 10-cm level was outrageous (2-cm was eventually achieved), and now IGDG has shown that 10-cm in real-time is within grasp for anyone on the ground, or on airborne or spaceborne platforms. This is an extraordinary achievement. 

In the context of the JPL deep space program, this work is very significant. The ability to deliver global precise user locations is an essential part of JPL’s and NASA’s vision for a telecom infrastructure at Mars to support navigation, positioning, and telecommunications needs for future vehicles at Mars (in space or on the ground). The simple protocols which Dr. Bar-Sever’s team developed and demonstrated in IGDG shows that such system can work, that they can provide high accuracy, and that they can be made autonomous. IGDG has essentially successfully provided proof of concept, through ultra-low cost experiments carried out at Earth, for a revolutionary concept that will certainly transform the approach for interplanetary exploration of the future. One key theme of the future Mars program is the internet-like linkages between different elements (surface rovers, orbiters, investigators at Earth, the public at large) and people participating in the program. This concept was at the heart of IGDG, which utilized a highly innovative approach to communicating in real-time anywhere in the world to GPS receivers and users, to enable instantaneous determination of precise timing and geolocation.  Another beneficiary of IGDG software is the new field of precise formation flying. A variant of the IGDG software has been used to prototype a new system which incorporates GPS-like transceivers on interplanetary vehicles flying in tightly controlled formation to support optical interferometry measurement systems. Such optical interferometers are at the heart of NASA’s ambitious program to first detect and then image planets in other solar systems.

IGDG sets an example that other research efforts at NASA and elsewhere should strive to emulate. Originally conceived as a small, developmental task, supported initially with just seed money, it led to some stunning innovations, and at least three related patents. The technology was successfully transferred to multiple companies in the private sector and to the FAA, for an important aviation navigation program (WAAS) which will greatly enhance safety in U.S. airspace. Because of the maturity of the technology by that time, the cost to the FAA for this software (licensed from Caltech/JPL by WAAS contractors) was probably less than one-tenth the cost it would otherwise have taken had the IGDG software been unavailable at the time. This utilization of the IGDG technology has not only bolstered the private sector’s capabilities, but it has also enabled those U.S. companies to successfully market those new capabilities abroad.  At this time, additional companies are making arrangements to utilize the technology in other commercial ventures. And now the circle has been completed, because NASA itself has found that this same technology will be able to provide critical functionalities in several of its key interplanetary and astronomical initiatives. 

I believe that it is very unusual to find a software technology such as IGDG that has benefited so enormously NASA, the private sector, other government agencies, and helped enhance aviation safety for millions of people worldwide. And IGDG was a relatively inexpensive software development – direct funding under my Work Area totalled less than $250K overall. I am very proud that it all began under the auspices of a relatively small JPL technology development (research) program in the Work Area that I manage. IGDG should be the poster child for our government showing the long-range from true research and development.  And given the extremely modest R&D funding that enabled IGDG, and its very low-cost internet-themed approach, IGDG proves that when properly targeted and deployed, relatively tiny investments in R&D can reap enormous rewards. 

