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Abstract 

Motion is central to magnetic resonance imaging (MRI) at multiple spatial and temporal scales. At the microscopic scale, 

the diffusion of water molecules provides information about tissue microstructure and enables quantitative diffusion 

biomarkers. At the physiological scale, respiratory, cardiac, and subject motion can cause artifacts, geometric distortion, 

signal loss, and poor repeatability. At the acquisition scale, multi-shot acquisitions and quantitative diffusion MRI require 

extended scan times, increasing susceptibility to motion and limiting clinical practicality. At the macroscopic scale, MRI-

guided interventions and robotics require rapid, accurate motion tracking and feedback. This presentation examines how 

advanced MRI methods can measure, mitigate, and outpace motion. It will discuss high-fidelity, high-resolution diffusion 

MRI based on multi-shot echo-planar imaging; motion-robust techniques for free-breathing abdominal and liver imaging; 

accelerated reconstruction and diffusion-biomarker mapping using model-based and deep-learning approaches; and real-

time MRI tracking for image-guided robotic applications. Examples spanning the brain, spinal cord, and liver will 

illustrate how technical developments can address clinically relevant imaging challenges. The presentation will conclude 

by outlining an integrated direction combining advanced acquisition, motion correction, efficient reconstruction, artificial 

intelligence, and multidisciplinary collaboration to improve the resolution, reliability, efficiency, and clinical utility of 

MRI. 
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