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Constrained Magnetic Resonance Imaging and  
the Blessings of Dimensionality 

 
Magnetic resonance (MR) imaging technologies provide unique capabilities to probe 
the mysteries of biological systems, and have enabled novel insights into anatomy, 
metabolism, and physiology in both health and disease.  However, while MRI is decades 
old, is associated with multiple Nobel prizes (in physics, chemistry, and medicine), and 
has already revolutionized fields like medicine and neuroscience, current MRI methods 
are still very far from achieving the full potential of the MRI signal.  In particular, 
traditional methods are based on classical sampling theory, and suffer from 
fundamental trade-offs between signal-to-noise ratio, spatial resolution, and data 
acquisition speed.  These issues are exacerbated in high-dimensional applications, due 
to the curse of dimensionality.  Our work addresses the limitations of traditional MR 
imaging using signal processing approaches that are enabled by modern computational 
capabilities.  These approaches are possible because of certain "blessings of 
dimensionality," e.g., that high-dimensional data often possess unexpectedly simple 
structure that can be exploited to alleviate classical barriers to fast high-resolution 
imaging.  This seminar will describe approaches we have developed that use novel 
constrained imaging models to guide the design of new MR data acquisition and image 
reconstruction methods, and enable substantial acceleration of both low-dimensional 
and high-dimensional MR imaging experiments. 
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