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Diffusion-weighted imaging
§ DWI is sensitive to molecular motion and bulk motion. 

§ DWI: ? 2, 4 @A8B($,D)@A+F($,D)

§ Spatially smooth phase @A+F($,D) after diffusion encoding

• Random: because bulk motion is different during each application of the diffusion encoding
gradients (multi-shot, multi-nex).
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Diffusion-weighted imaging
§ Single-shot imaging (fast)

• Limited resolution and SNR

• Heavy distortion

§ Multi-shot imaging (slow)

• Motion sensitive
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Multi-shot DWI
§ Higher resolution; reduced distortion.

§ Motion-induced phase @AGH($,D) between shots (random).
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Multi-shot DWI
§ Motion-induced phase @AGH($,D) (random and spatially smooth)

§ MUSE/POCS-MUSE

• Step1: parallel imaging on each shot*

and take the low-resolution** results to estimate @GHI

• Step2: estimate 2
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Multi-shot DWI
§ Motion-induced phase @AGH($,D) (random and spatially smooth)

§ Shot locally low-rank (shot-LLR)

• “calibration-less parallel imaging*”

• Spatial-shot matrices

• Slow-phase variations = low-rank
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*Trzasko J, et al. IEEE TMI 2011.

Data consistency term LLR regularization



Multi-shot DWI
§ Motion-induced phase @AGH($,D) (random and spatially smooth)

§ MUSE/POCS-MUSE (non-convex)

§ Shot locally low-rank (shot-LLR) (convex)
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Multi-shot DWI
§ Motion-induced phase @AGH($,D) (random and spatially smooth)

§ MUSE/POCS-MUSE (non-convex)

§ Shot locally low-rank (shot-LLR) (convex)
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Flowchart of shot-LLR reconstruction with virtual conjugate shots



in-plane resolution = 1.44 mm
slice thickness = 4 mm
b-value = 600 s/mm2
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in-plane resolution = 1 mm
slice thickness = 4 mm
b-value = 600 s/mm2



in-plane resolution = 1.1 mm
slice thickness = 4 mm
b-value = 500 s/mm2

POCS-MUSE POCS-ICE shot-LLR
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Summary
Multi-shot DWI
§ Reduced distortion and high resolution
§ Shot-to-shot phase variations

Shot-LLR
§ using a relaxed model, non-convex -> convex 
§ constraint on sum of ranks (rank of some matrix can still be high -> high frequency phase 

variations)


