9.03.01.68-R Parallel Signal-Processing System for High-Resolution Tomography

Our interest is in time-resolved, three-dimensional mapping of radiation dose fields. This pertains to dose monitoring in irradiated materials and scattering environments, and treatment planning for intensity-modulated radiotherapy (IMRT) beams. The metrological challenge posed by time-resolved dose mapping of IMRT beams is particularly difficult, since the direct assessment of radiotherapeutic dose entails measuring temperature changes in the 10s to 100s of microkelvin.

Recently, high-precision ultrasonic time-of-flight techniques, which are ubiquitous in nondestructive testing and measurement, were employed successfully to measure radiation-induced temperature changes in water with a precision of a few microkelvin [1, 2]. Subsequent work on this system led to development of a 128-channel, circular ultrasonic array that could image submillikelvin changes in a layer of water of a few cm in diameter at a frame rate of 0.25 Hz, and with a spatial resolution of a few mm [3].

However, limitations to the data acquisition and processing scheme precluded its scaling to a larger cylindrical array, suitable for imaging volumes of interest in radiotherapy with sufficient spatial, temporal, and temperature resolution. Our goal is tomographic reconstructions of a three-dimensional temperature field in water, with microkelvin-level precision over a cylindrical volume of diameter 15 cm and depth of 15 cm, with a spatial resolution better than 1 mm in each dimension, and with a frame rate of 1 Hz or faster. This would require resolution of probe-pulse arrival times to a precision of 10 ps or better.

The present solicitation is for developing a scalable data acquisition and processing architecture that would interface with the existing 128-element array, but which could be used with larger arrays in the future. As detailed in [3], hardware switching speeds, propagation delays in the target medium, and limits to computer-bus bandwidth limited the frame rate of images derived from the 128-channel array. With arrays containing 10 to 100 times as many channels being envisioned for an ultimate instrument, a much more efficient data-processing architecture is needed. The present solicitation is for the development of a parallel, multichannel data acquisition and processing system that would enable such advances.

Such a system would share design issues with others that must also take signal multipath and interference effects into account. It is reasonable to suppose that signal multiplexing and deconvolution schemes that have been successfully employed in other disciplines can find application here as well. We invite proposals that explain such cross-disciplinary approaches. Indeed, this has been explored in smaller systems with coarser time resolution than what is envisioned here [4].

Phase 1 – prototype system deliverable to NIST that would allow parallel, simultaneous acquisition and processing with the existing 128-element ultrasonic array in water at the desired frame rate and with picosecond-level time resolution. Ideally, the system would allow for the testing of various multiple-access approaches, including maximum-length pseudorandom sequences, which could prove to be promising. Besides the requirements for high space- and time-resolution, the fact that this is a calorimetry system intended for dosimetry of therapy-level radiation beams poses additional constraints on candidate hardware and software (e.g. heating of the water by ultrasonic power dissipation must be negligible).

Phase 2 – a modified prototype or alternative design with similar objectives (to that of Phase 1) suitable for arrays containing 1,000 to 10,000 transducers, also deliverable to NIST.

It is anticipated that the work to be carried out for this project would provide a scalable, image processing technology that could be readily adapted to other types of signals and transducer systems; thus, subsequent commercial development need not be restricted to ultrasonic or acoustic markets.

NIST staff will be available to work collaboratively with the awardee.
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