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fMRI

MRI studies brain anatomy. Functional MRI (fMRI)

uwo.ca/Jody_web/fi htm

studies brain function.
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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

History of Functional MRI
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Mapping a multidimensional emotion in response to television commercials
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Fig. 1. Experimental design and behavioral results. (4) Time course for a  rected and with an extend threshold of five voxels. (C) Wine 1: activity in the
typical trial. (8) Repor (OReported  vmPFC was also selected by the same contrast. (D) Wine 2: averaged time

pleasantness for the wines during the cued price trials. (D) Taste intensity courses in the medial OFC voxels shown in . (£) Wine 2: activity in the mOFC
ratings for ued price trials. (E) Repor ‘was higher for the high- ($90) than for the low-price condition ($10). (F) Wine

the wines obtained during a postexperimental session without price cues. 2: activity in the vmPFC was higher for the same contrast.

Hemoglobin and Field Inhomogeneities
HEMOGLOBIN Oxygen binds to the iron atoms to
. form oxyhemoglobin HbO,

Release of O, to tissue results in
deoxyhemoglobin dHBO,
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Blood Flow and Oxygen Metabolism
Cerebral Blood Flow (CBF) measures delivery of blood to
brain tissue (units of ml/(g-min))

Cerebral Metabolic Rate of (CMRO,) is the rate of oxygen
consumption (units of umol/(g-min))
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Deoxyhemoglobin
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%BOLD change

Task-Based fMRI
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Fox and Raichle; Nature Rev. Neuro, 2007

Resting-State fMRI
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Graphs
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Graph theoretical analysis

Bullmore and Sporns 2009
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Graphs

‘The Structure of Romantic and Sexual Relations at "JefTerson High School”

Fach circle represents a student and lines connecting students represent romantic relations cccuring within the 6 months.
preceding the interview. Numbers under the figure count the number of times that pattern wes observed (i.e. we found 63

i m—e Bearman et al, J. Sociology, 2004 Christakis and Fowler, NEJM, 2007




Poisson Distribution Power-Law Distribution

Graph Metrics
e Degree: Number of edges connected to a oif
vertex. g ootk ]
e Characteristic Length (L): Number of edges ooerp 1
in shortest path between two vertices, f’ 00001
averaged over all vertices. — TN ™)

e Clustering Coefficient (C): A measure of the
extent to which neighboring nodes are also
directly connected. (i.e. a measure of how
many of your friends are also friends of

each other; cliquishness). Measure of | Wang
resilience to random error - if vertex is | and
lost, its neighbors still stay connected. ) = NG %’gg
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Each vertex connected to
its nearest neighbors.
High C and High L.

Small fraction of edges
randomly rewired. High C
and low L.

0<P<<t1

Regular Small-World
(a) (b)

Figure 7. (3) In this completely regular friendship network, people are friends
with only their 4 nearest neighbors. The network is highly cliquish, and any 2
people are on average many degrees apart. (b) In this small-world network,
people still know 4 others on average, but a few have distant friends. The net-
work is still highly cliquish, but the average degree of separation is small. (c)
In this random network, everyone still knows 4 others on average, but friends
are scattered: few people have many friends in common, and pairs are on
average only a few degrees apart.

Low C and low L

Wang
and
Chen,
2003
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Synchronizability
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Wang and Chen, 2003
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Film actors 3.65 2.99 0.79 0.00027 Strogatz
Power grid 187 124 0.080 0.005
C. elegans 265 225 0.28 0.05 1998
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Functional Brain Networks Develop from a “Local to
Distributed” Organization

Damien A. Fair' >, Alexander L. Cohen?>, Jonathan D. Power?, Nico U. F. Dosenbach?, Jessica A. Church?,
Francis M. Miezin®>, Bradley L. Schlaggar?, Steven E. Petersen®*
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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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48 projections
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0 0 80 mm 1.5 min. acquisition
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Compressed Sensing

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




Compressed Sensing

n .
N
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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