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Convolution
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Macovski 1983

Computed Tomography

Suetens 2002

Backprojection
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Fourier Transform

Projection-Slice Theorem
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Prince&Links 2006

Filtered Backprojection

Kak and Slaney




Figure 6.15

Convolution step:

(a) Original sinogram;

(b) filtered sinogram;

(c) profile of sinogram row
[white line in (a)]; and

(d) profile of filtered
sinogram row [white line in

(b)].
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Filtered Backprojection
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MRI System

MRI Scanner Cutaway
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Spin-Warp Pulse Sequence
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Sampling in k-space
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Excitation k-space

Panych MRM 1999




Saturation Recovery Sequence Example
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TR TR
Gradient Echo

I(x,y) = p(x,y)[l — e TR/T: (x,y)]e—TE/T2 ()

180 180
T,-weighted Density-weighted T,-weighted
90 H 90 H 90 1 9 y 9 2 9
H H Tissue Proton Density T1 (ms) T2 (ms)
- - Csf 1.0 4000 2000
—FE— Gray 0.85 1350 110
. TR White 0.7 850 80
Spin Echo

I(x,y) = p(x’y)[l — e_TR/Tl (x?y)]e—TE/Tz(x,y)

Arterial spin labeling (ASL)
t

Whole brain non-invasive
@  measures of Cerebral
Blood Flow obtained
with arterial spin labeling
l  (ASL) MRI (Courtesy of
D. Shin)
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Confrol - Tag = AM « CBF ASL (Wong

1 A 2007)




Diffusion Weighted Images

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.

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

25.3 min

11.5 min

from the Human Connectome Project

fMRI

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

uwo.ca/Jody_web/fi htm

% BOLD change

Task-Related BOLD fMRI

Open

Closed Open Closed Open Closed Open Closed

c.uwo.ca/Jody_web/finri

ies.htm Fox and Raichle 2007

http://defic




BOLD Signal Change
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Activation Signal
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R2* Depends on dHB

Oxygen binds to the iron atoms to
form oxyhemoglobin HbO,

Release of O, to tissue results in
deoxyhemoglobin dHBO,

Some dHB, Some
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fMRI Acquisition
High spatial resolution High temporal resolution

MP-RAGE EPI
Voxel volume: 1 mm?3 Voxel volume: 45 mm3
Imaging time: 6 min Imaging time: 60 msec

Buxton 2002




EPI Scans
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Cabernet and fMRI

1050-1054 | PNAS | January 22,2008 | vol 105 | no.3

Marketing actions can modulate neural
representations of experienced pleasantness
Hilke Plassmann*, John O’Doherty*, Baba Shiv', and Antonio Rangel**

*Divison of the Humanities and Socia Sciences, California Institute of Technology, MC 228-77, Pasadena, CA 91125; and *Stanford Graduate School
of Business, Stanford Universty, 518 Memorial Way, Littlfield L383, Stanford, CAS4305
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B i Fig.2. The effect of price on each wine. (4) Wine 1: averaged time courses
| s - I in the medial OFC voxels shown in B (error bars denote standard errors). (8)
=notatall = very much 3 Wine 1: activity in the mOFC was higher for the high- ($45) than the low-price
foomoEEE condition ($5). Activation maps are shown at a threshold of P < 0.001 uncor-

rected and with an extend threshold of five voxels. (C) Wine 1: activity in the
VMPFC was also selected by the same contrast. (D) Wine 2: averaged time
courses in the medial OFC voxels shown in E. (E) Wine 2: activity in the mOFC
‘was higher for the high- ($90) than for the low-price condition ($10). (F) Wine
2: activity in the vmPFC was higher for the same contrast.

Fig. 1. Experimental design and behavioral results. (A) Time course for a
typicaltrial. (8) Repor (O)Reported
pleasantness for the wines during the cued price trials. (D) Taste intensity
ratings for

‘the wines obtained during a postexperimental session without price cues.

Resting-State fMRI
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hitp://www.youtube.com/watch?v=VaQ661DZ-08& feature=plcp

Resting-State BOLD Connectivity

2. 2o

Task-Related
Motor Activation Map

Resting State
Correlation Map

Resting State fMRI Signals
From Left and Right Motor
Cortices

%ABOLD

50 100 150 200 250




Default Mode and Attention Networks
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Fig. 1. Intrinsic correlations between a seed region in the PCC and all other
voxels in the brain for a single subject during resting fixation. The spatial o —
distribution of correlation coefficients shows both correlations (positive val- |
ues) and anticorrelations (negative values), thresholded at R = 0.3. The time
course for a single run is shown for the seed region (PCC, yellow), a region
positively correlated with this seed region in the MPF (orange), and a region
negatively correlated with the seed region in the IPS (blue).

http://www.newscientist.com/data/images/|
Gusnard et al, Nat Rev. Neuro, 2001; Fox et al, PNAS 2005 archive/2681/26811501.jpg

The NIH Human Connectome Project | Wu-Minn Consortium  Harvard/MGH-UCLA Consortium  Neuroscience Blueprint

HUMAN
onnectome Mapping structural and functional cannections in the human brain
PROJECT
Home  About the Project  Documentation Using the Connectome ~ Contact Us Collaboration Extranet

SIBSHIP.
e

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

MRI Scan
. Control peg  Image Time Series
MRI Signal
R !
Brain Feedback J

Functional Images

Statistical Detection
of Signal Changes

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

Real-time fMRI
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Weiskopf et al, Magn. Reson. Imaging, 2007

Vision Reconstruction

Clip reconstructed
from brain activity

Presented clip

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

Timeline

Michael Crichton, 1999

“Most people”, Gordon said, “don’t realize that the
ordinary hospital MRI works by changing the quantum
state of atoms in your body ... But the ordinary MRI does
this with a very powerful magnetic field - say 1.5 tesla,
about twenty-five thousand times as strong as the earth’s
magnetic field. We don’t need that. We use
Superconducting QUantum Interference Devices, or
SQUIDs, that are so sensitive they can measure resonance
just from the earth’s magnetic field. We don’t have any
magnets in there”.

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

Compressed Sensing

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

80 mm

40
BO = 132uT
G = 100pT/m
0 48 projections

0 0 80 mm 1.5 min. acquisition

J. Clarke, UC Berkeley

Compressed Sensing

-0
Minimum - norm

conventional linear
’ reconstruction
Min. Total Variation
(Tv)

A convex non-linear
reconstruction

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