Laser technology for the GRACE Follow-on mission
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GRACE, for Gravity Recovery and Climate Experiment, is an incredibly successful satellite mission that has provided new and unexpected insights into the natural processes of the Earth. In the GRACE mission, the distance between two spacecraft is measured using a microwave ranging system which can be used to estimate changes of the Earth’s gravity field. 

GRACE will not last beyond 2013 and NASA intends to launch the GRACE Follow-on mission in 2016. GRACE Follow-on will improve the measurement sensitivity by adding a laser ranging system to the spacecraft. The ANU, in collaboration with NASA’s Jet Propulsion Laboratory and the Albert Einstein Institute in Germany are developing this laser system.

We have several projects available to work on the development of this system in the areas of optical and mechanical engineering, control systems and digital signal processing using FPGAs. 

Laser measurement and alignment using digital interferometry
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Interferometry is at the heart of many of the world's most powerful scientific instruments in astronomy, optical metrology and quantum mechanics. This project will develop next-generation laser interferometry for several scientific commercial applications. Digital interferometry (DI) combines conventional laser interferometry with digital spread-spectrum modulation and demodulation to achieve a displacement sensitivity of a few picometres. DI’s main advantages are insensitivity to scattered light, miniaturized and simplified optical hardware, and the ability to measure multiple targets with a single detector. This project will experimentally test variants of DI, such as BPSK, QPSK and FSK and investigate advanced signal processing techniques for improving performance.

Cavity enhanced spectroscopy of carbon dioxide
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The molecular spectroscopy of CO2 is important for testing of performance enhancing drugs such as synthetic testosterone, and forensic analysis of illicit drugs such as heroine.  The monitoring of atmospheric CO2 isotopes also provides an important tool for understanding the carbon cycle dynamics of the earth’s climate system.

The ANU is collaborating with the National Measurement Institute and industry partners to develop a highly sensitive spectrometry technique for CO2, with seed funding to commercialise the technology for field deployment.  We use lasers to measure spectral absorption in CO2 using high-resolution optical interferometry, where its sensitivity is enhanced using resonant optical cavities.  This effort requires multi-disciplinary R&D, and there are several experimental projects to work on, involving laser optics, physical chemistry, mechanical design, and control systems.

Fibre optic sensing arrays
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Fibre optic sensing arrays are beginning to see deployment in the oil and gas exploration industry, smart structures, naval submarine surveillance and other defence and security systems.  Each fibre optic device acts as a listening element for seismic, mechanical or acoustic signals. With appropriate signal processing, a three-dimensional seismic or acoustic image over a large area can be constructed. 

This project will continue the ongoing experimental research at the ANU to develop arrays for remote sensing at distances over 100 km.  We aim to improve the sensitivity and cost-effectiveness of such sensing arrays using digital interferometry (DI).  We will capitalise on DI’s ability to simultaneously measure multiple elements with a single laser and a single detector to develop new array architectures and techniques.

Ultra low noise laser stabilisation
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Random laser frequency fluctuations degrade the performance of interferometric metrology systems.  This limits the sensitivity in numerous measurements, such as high-resolution displacement and spectrometry, as well as fibre optic sensing of seismic and acoustic signals. Hence, reducing laser frequency noise is of great importance to the field of optical metrology.

This project will work on advanced interferometric techniques, using electro-optics to stabilise a laser to an optical reference to achieve ultra low frequency noise performance.  It will study the use of an optical fibre interferometer as a frequency reference and its fundamental noise properties.  We will engineer a housing chamber for the optical reference to isolate it from mechanical and thermal noise in the environment.
