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Course Recap and Future Directions	



Basic Imaging	



Imaging	


Device	



Object	



Reconstruction	


Algorithm	



Measured Data	



Image of object	



X-Ray Imaging	
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t(x) = rect(x /10)

€ 

s(x) = rect(x /10)

€ 

M(z) =
d
z

;  m(z) = −
d − z
z
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Convolution	



Macovski  1983	



M=1	


m=0	



M=2	


m=-1	



Computed Tomography	



Suetens 2002	



Backprojection	



Prince & Links 2006	
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k-space	


Image space	

 k-space	



x	



y	



kx	



ky	



Fourier Transform	



Projection-Slice Theorem	



Prince&Links 2006	



€ 

G(ρ,θ) = g(l,θ)e− j2πρl
−∞

∞

∫ dl

= f (x,y)
−∞

∞

∫
−∞

∞

∫ δ(x cosθ + y sinθ − l)e− j 2πρldx dy
−∞

∞

∫  dl

= f (x,y)
−∞

∞

∫
−∞

∞

∫ e− j2πρ x cosθ +y sinθ( )dx dy

= F2D f (x,y)[ ] u= ρ cosθ ,v= ρ sinθ

Filtered Backprojection	



Kak and Slaney	
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Example	



Prince and Links 2005	



Filtered Backprojection	



Prince and Links 2005	



Seutens 2002	



Aliasing	



Kak and Slaney	



MRI System	



http://www.magnet.fsu.edu/education/tutorials/magnetacademy/mri/fullarticle.html	
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k-space	



kx	



ky	



Spin-Warp Pulse Sequence	



Gx(t)	



Gy(t)	



RF	



ky	

Gy(t)	



Hanson 2009	
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Thomas Liu, BE280A, UCSD, Fall 2008	



Sampling in k-space	



Slice Selection	


z	

slice	



f	



rect(f/W)	



W=γGzΔz/(2π)	



Δz	



sinc(Wt)	



 Excitation k-space	



N random steps of length d	



2D random walk	

 100 steps	



400 steps	



Panych MRM 1999	
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Saturation Recovery Sequence	


90	

 90	

 90	



TR	

 TR	



TE	

 TE	



€ 

I(x,y) = ρ(x,y) 1− e−TR /T1 (x,y )[ ]e−TE /T2* (x,y )
Gradient Echo	



€ 

I(x,y) = ρ(x,y) 1− e−TR /T1 (x,y )[ ]e−TE /T2 (x,y )
Spin Echo	



90	

 90	

 90	



TE	



180	

 180	



TR	



Example	



T1-weighted! T2-weighted!Density-weighted!
 

Tissue Proton Density T1 (ms) T2 (ms) 
Csf 1.0 4000 2000 
Gray 0.85 1350 110 
White 0.7 850 80 

 

Arterial spin labeling (ASL)	



Acquire image	



Acquire image	



Tag by Magnetic Inversion	



1:	



Control	



2:	



Control - Tag = ΔM ∝ CBF	



Whole brain non-invasive 
measures of Cerebral 
Blood Flow obtained  
with arterial spin labeling 
(ASL) MRI (Courtesy of 
D. Shin) 	



Vascular 
territory 
imaging using 
vessel-encoded 
ASL (Wong 
2007)	
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 Diffusion Weighted Images	



http://lehighmri.com/cases/dwi/patient-b.html	



   T2 weighted	

 	

 Diffusion Weighted 	

       Angiogram	



After a stroke, normal water movement is restricted in the 
region of damage. Diffusivity decreases, so the signal intensity 
increases. 	



Diffusion MRI Tractography



from the Human Connectome Project	



fMRI	



MRI studies brain anatomy. Functional MRI (fMRI) 
studies brain function. 

http://defiant.ssc.uwo.ca/Jody_web/fmri4dummies.htm	



Task-Related BOLD fMRI



Fox and Raichle 2007	

http://defiant.ssc.uwo.ca/Jody_web/fmri4dummies.htm	
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BOLD Signal Change



€ 

ΔBOLD
BOLD0

=
SA − SB
SB

€ 

SB = M0 exp −TE ⋅ R2,B
*( )

Baseline Signal	



TE



Activation Signal	



€ 

SA = M0 exp −TE ⋅ R2,A
*( )

€ 

≈ −TE ⋅ ΔR2
∗

R2* Depends on dHB



time

0	

 TE



Some dHB, Some 
dephasing



More dHB, More 
dephasing, 
Decrease in MR 
signal



Oxygen binds to the iron atoms to 
form oxyhemoglobin HbO2



Release of O2  to tissue results in 
deoxyhemoglobin dHBO2



Thomas Liu, BE280A, UCSD, Fall 2008	



fMRI: Spatial Temporal Dynamics	

arteriole venule capillary bed 

CMRO2 

CBF 

oxyHb 
deoxyHb 

Initial dip 

Positive BOLD 

Post-stimulus Response 

Neural activity 

CMRO2 

CBV 

CBF 
dHb 

CMRO2 

CBV 

CBF 

dHb 

CMRO2 

CBV 

CBF 
dHb 

fMRI Acquisition	


High spatial resolution                  High temporal resolution!

MP-RAGE!
Voxel volume: 1 mm3!
Imaging time: 6 min!

EPI!
Voxel volume: 45 mm3!
Imaging time: 60 msec!

Buxton 2002	
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GE Medical Systems 2003	



Phase 	


Encode	



EPI Scans	

 Cabernet and fMRI	



Resting-State fMRI



http://www.youtube.com/watch?v=VaQ66lDZ-08&feature=plcp	



Resting-State BOLD Connectivity



Resting State 	


Correlation Map	



Task-Related 	


Motor Activation Map	



Resting State fMRI Signals	


From Left and Right Motor 

Cortices	
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Default Mode and Attention Networks 

Gusnard et al, Nat Rev. Neuro, 2001;  Fox et al, PNAS 2005	


http://www.newscientist.com/data/images/
archive/2681/26811501.jpg	



Connectome Protocol:	


8 simultaneous slices	


2 mm isotropic resolution	


TR 720 ms;  TE = 32 ms	

 Nova 32 channel	
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Real-Time fMRI	



http://www.brainmapping.org/MarkCohen/research/RTfMRI.html	

 Weiskopf et al, Magn. Reson. Imaging, 2007  	



Real-time fMRI	



Vision Reconstruction 

http://www.youtube.com/watch?v=6FsH7RK1S2E	


J. Clarke, UC Berkeley	
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J. Clarke, UC Berkeley	

 J. Clarke, UC Berkeley	



Compressed Sensing	



FT 

↓ 

Randomly throw 
away 83% of 

samples 

* E.J. Candes, J. Romberg and T. Tao. 
Slide Credit: http://www.stanford.edu/~mlustig/	



Compressed Sensing	


FT 

↓ 

Minimum - norm 
conventional linear 

reconstruction!

Min. Total Variation 
(TV) 

A convex non-linear 
reconstruction!

* E.J. Candes, J. Romberg and T. Tao. 

Slide Credit: http://www.stanford.edu/~mlustig/	
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Functional NeuroImaging 

Friston, 2010, 
Science 

NIRS	



Technology	

 Methods	



Interpretation	

    Applications	




