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System would harness GPS signals to study environment

Source: James Garrison, (765) 496-7482, jgarriso@ecn.purdue.edu

WEST LAFAYETTE, Ind. — Engineers at Purdue University and NASA have developed a new technique for monitoring the environment by using routine signals that already are being beamed to Earth by global positioning systems.

Conventional techniques for gathering information about global climate change and other environmental data require systems that have their own transmitters and receivers on satellites or aircraft. The equipment, though, is relatively heavy and consumes large amounts of power.

The new technique could be used for alternative or complementary systems on aircraft and satellites. The method does not require a transmitter because it uses the signals already being transmitted by GPS satellites. That makes it possible to design a system that only requires a receiver, other hardware and special software that is one-tenth the weight and uses about one-tenth the energy of conventional systems, said James Garrison, an assistant professor of aeronautics and astronautics at Purdue University.

Garrison will present a paper on this technique July 13 at a special session during the International Geoscience and Remote Sensing Symposium, in Sydney, Australia. The conference is sponsored by the Institute of Electrical and Electronics Engineers, NASA and the National Oceanic and Atmospheric Administration.

Satellite GPS systems are constantly broadcasting microwave signals to Earth. The signals are used for everything from military maneuvers to directions for lost motorists, and ship navigation to measurements for agriculture. The systems work by timing how long it takes for signals to get from the satellite to a receiver on the ground. Because the speed of the signal is known, the difference between when the signal is sent and when it is received reveals the distance of the receiver. Signals from several satellites are needed to provide a three-dimensional fix — a precise location of the receiver on the Earth's surface.

Those same microwave signals, however, also bounce off of the Earth's surface and oceans and can be picked up by receivers on aircraft or satellites, recorded and used to study conditions on the planet.

"Twenty-four hours a day, all around the world, they are broadcasting this signal," Garrison said. "Our transmitter is provided by the GPS satellite. So we get the transmitter for free 24 hours a day."

The new system, invented by Garrison and NASA engineer Stephen Katzberg, would use GPS signals to collect environmental data for studies aimed at understanding global climate change.

"The small size and low cost of the instrumentation would make operational deployment on balloons or small aircraft very affordable," Garrison said.

Because water is an especially good reflector of GPS signals, the new technique is promising for studying how ocean-related conditions affect global circulation and world climate. For example, scientists monitor wind patterns near the surfaces of the oceans to track global circulation, which influences climate.

As each GPS signal bounces off of the water, it reflects from numerous facets on the rough, undulating surface. The signal is then picked up by a receiver, located on an aircraft or a satellite, and then software interprets the data, providing detailed measurements of the changing ocean surface.

"The roughness of the surface is directly related to near-surface meteorological conditions," said Garrison, a former NASA engineer who began the research while working for the space agency.

Several research papers to be discussed during the upcoming conference in Sydney will specifically address the feasibility of a satellite instrument to measure ocean surface meteorological data using reflected GPS signals.

Garrison and Katzberg originally were trying to invent a system that would use GPS signals to take images of objects on the Earth's surface, an application that would have various potential uses, including military operations. They were awarded a patent for that application in 1999 and still may pursue the research, depending on the availability of funding, Garrison said.

Because the system is lighter and uses less energy than conventional systems, it would be ideal for installation on small remotely piloted drones called unmanned aerial vehicles. It also would have benefits for satellite systems, he said. 

"In the design of satellites, power is a big concern because systems that use a lot of power require larger solar arrays," Garrison said. "The larger solar arrays require a larger satellite structure, and large solar arrays also put more demand on attitude control."

The new technique also has other advantages. It works well when there is heavy moisture in the atmosphere during storms, unlike some of the conventional remote-sensing systems. It also is easier to use because it does not require complicated calibrations now required for conventional systems.

Tests using aircraft equipped with the system have yielded "significant data," which will be used to improve the technology so that it might be incorporated into satellites, Garrison said.

Engineers are working on a new version that will not require conventional GPS navigation hardware. Instead, software will perform all of the functions now needed for the GPS hardware, making the system more versatile and increasing its potential applications.

Garrison and Katzberg recently won an Exceptional Space Act Award from NASA for the patented system. The awards are granted for scientific and technical contributions that have been "determined to have significant value in the conduct of aeronautical and space activities," according to a NASA description.

Garrison said he intends to use his findings as a teaching tool for graduate students learning about GPS signals.
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Writer: Emil Venere, (765) 494-4709, venere@purdue.edu

Related Web sites:

International Geoscience and Remote Sensing Symposium: http://www.IGARSS2001.org/

James Garrison: http://AAE.www.ecn.purdue.edu/AAE/Fac_Staff/Faculty/jgarriso

ABSTRACT

Simulation of Wind Speed Retrievals from an Orbiting Bistatic GPS Receiver

James L. Garrison, Purdue University

Monte Carlo simulations were performed to predict the statistical errors in satellite based wind speed measurements using bistatic GPS signals. A scattering model based upon geometric optics and empirical ocean surface slope variances was used to simulate the mean post-correlation waveform. Synthetic Rayleigh scattered and thermal noise signals were generated. Batches of between 50 and 1,000 independent samples were used in these simulations. The surface resolution was set to radius of approximately 50 km through selection of range and Doppler bins.

...more...

NOTE TO JOURNALISTS: A copy of the research paper referred to in this news release is available from Emil Venere, (765) 494-4709, venere@purdue.edu.

...more...
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