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1994 KYOTO PRIZE WORKSHOP: ADVANCED TECHNOLOGY
“Application and Prospectives of Magnetic Resonance Imaging” Abstract of Commemorative Lecture

“Novel Approaches to Macroscopic and Microscopic NMR Imaging

and Spectroscopic Imaging"

Dr. Paul Christian Lauterbur

“...Jearning from a tabula rasa is out of the question...in general, the scientific problem lies
in characterizing the right mixture of nature and nature, that is, in characterizing how
much pre-existing representation is needed in order to be able to learn effectively.”

Poggio and Girosi

Nuclear magnetic resonance (NMR) imaging depends upon finding solutions to what are
called “inverse problems”, as do all imaging methods. Data representing some features of an
object must be converted, in the laboratory or in the brain, into a useful representation of
that structure. In practice, all solutions to such problems require the imposition of
constraints to eliminate an infinite number of irrelevant solutions. The very simplicity of the
inverse problem in NMR imaging has long made the nature of the constraints and the
usefulness of different ones almost invisible. They are now becoming increasingly important
as means to increase the speed of data acquisition by minimizing the need to measure
redundant information. There is an interesting formal resemblance to problems in
high-definition television (HDTV) and other areas in which rapid transmission of data over
a noisy band-limited channel is required. In NMR imaging, the nuclear spins can sample
relatively little information about an object, and must transmit it through a thicket of
thermal noise and other fluctuations to reconstruction and display devices that present the
illusion of a complete image to the scientist or physician.

Microscopic NMR imaging faces a rather different set of problems. As resolution
approaches the scale of biological cells, the signals from those small volumes become very
weak, ant at the same time molecular diffusion blurs and weakens the images. Someone
must once have said “If you have two enemies, make one your ally.” New techniques have
been developed that use diffusion to help visualize small structures and to enhance the
strength of signals from small regions, potentially improving resolution by several orders of

magnitude.



