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Introduction

ÅDynamic image

ï/ƛƴŜ ŎŀǊŘƛŀŎ ƛƳŀƎŜΣ ŦawLΧ

ÅHigh temporal frame rate

ïReduce the acquisition amount of data

ÅData sharing

ïSampling less and reconstructing more
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Data sharing

ÅData sharing

ïKeyhole

ïUNFOLD

ïK-t BLAST

ÅSacrifice the spatial resolution for high 
temporal resolution.
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Concept of k space
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Keyhole

ÅOnly acquire the center of k space for major 
information of object
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Keyhole

ÅOne full sampled reference image in needed

ÅOthers sample the center of k-space

ï25% of full k-space

ïShare the high frequency data from reference 
frame
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Dynamic image
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Cine cardiac image
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ÅKeyhole acquisition is based on the 
assumption that dynamic information is 
bandlimitedin k-space (i.e. image changes 
have low spatial resolution)

ÅContrast agent uptake studies
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ÅHow to sacrifice the spatial resolution for 
higher temporal resolution?

ïMore high frequency information
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Full sampling in k space
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Point spread function (PSF)
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Undersampling in k space

Å2-fold undersampling

ÅReduce FOV size by 2-fold

Ϧ0th

Ϧ-1st

Ϧ-2nd

Ϧ1st

Ϧ2nd

Ϧ ĄP0+P1

½  FOV

Point spread function
Readout 

Phase 

Even image

13



If shift the sampling line

ÅStill 2-fold undersampling and ½  FOV

Ϧ0th ei0

Ϧ-1st ei2 f̄

Ϧ-2nd ei4 f̄

Ϧ1st ei2 f̄

Ϧ2nd ei4 f̄
Shift by 
άŦέ ƻŦ ŀ 
line

Point spread functionReadout 

Phase 
Ϧ ĄP0+P1ei2 f̄

½  FOV

14



Shift one sampling line
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Dynamic image

ÅAcquiring even and odd images alternatively
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Along the time dimension

ÅAcquiring odd and even images alternatively
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The alias portion and true portion can 
be distinguished

DC Nyquist
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If object is not static

ÅCardiac image
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UNFOLD

1. Exploiting the temporal information to label 
the spatial aliasing portion.

2. Apply a low pass filter

3. Reconstruct by FFT along temporal frequency
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2-fold acceleration for 
dynamic cardiac image
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1D FFT along temporal dimension

ÅThe spectrum of temporal frequency is 
associated with different voxelposition 
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2D FFT along temporal dimension

ÅFull sampling image

ÅIgnore the readout direction (no aliasing)
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x-f space

Åx(or y): position along phase encoding direction

Åf: temporal frequecy 
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