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I.1. Genesis

Before there was a section, I used to get the Imaging Statisticians together.

Leading up to each JSM I would email the imaging statisticians I knew. 

Tom Nichols, Brian Caffo, Martin Lindquist, Hernando Ombao, Hongtu Zhu…

I liked getting together at an Irish Pub so we could have refreshments.

There were many times where it was me and a couple others.
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I.1. Genesis

Before there was a section, I gathered the imaging Statisticians together.

I started the “Society of Imaging Statisticians” AKA SINS.

Everyone emailed the imaging statisticians they knew to email me.

The webpage is still up.

http://www.mssc.mu.edu/~daniel/sins.html
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http://www.mssc.mu.edu/~daniel/sins.html


I.1. Genesis

Before there was a section, I used to get the Imaging Statisticians together.
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I.1. Genesis

The first I heard about forming a section was an email chain from Henando.
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I.1. Genesis

The first I heard about forming a section was an email chain from Henando.
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I.2. Planning

Hernando Ombao obtained a sample charter to work with.
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I.2. Planning

Brian Caffo took an initial stab at the charter.
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I.2. Planning

Of course, coming up with a name is one of the hardest parts.
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I.2. Planning

We needed to elect a Founding Section Chair.

12Rowe Lab

Marquette University



I.2. Planning

We voted and I was electedthe Founding Section Chair.
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I.2. Planning

After Founding Chair, we filled the other founding members.
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As you can see, 2010 was already gone.
So we pushed all officers back two years. 



I.3. Coalescence

I started working with the ASA to get them the needed documents.
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I.3. Coalescence

After some modifications, I finally submitted the Section documents.
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I made some changes, gathered the 
signatures and email addresses.



I.3. Coalescence

I had to make more changes to the charter.
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I.3. Coalescence

Been waiting through the summer and early fall.

We were all getting impatient. Hernando asked for a status update.
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I.3. Coalescence

Still waiting for a vote on the section.
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I.3. Coalescence

We needed to figure out dues. Not too much and not too little. Just right. 
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I.3. Coalescence

We discusses via email. 
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Others had opinions too.



I.3. Coalescence

We selected $6 for full members and $1 for students. ASA taxed each $1. 
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I.3. Coalescence

Finally notified the section was approved!
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I.3. Coalescence

First section member.

10-19-2011

By 01-24-12 there 

were 60 members,

Now 364 members.
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I.3. Coalescence

I remember our first officer’s meeting at the 2012 JSM in San Diego.

I believe there were only three people and we met at a high table 

on the patio of a restaurant in San Diego’s gas light district.

I think somebody took notes on a napkin. 

Now we have a vibrant successful Section on Imaging.
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Outline

Part II. Foundations of Functional MRI

1. Background

2. Measured Data

3. Opportunities in FMRI
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II.1. Background

When I first started reading about FMRI in 1998, I saw pictures of FMRI
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Bandettini P.A., Wong E.C., 
Hinks R.S., Tikofsky R.S, and 
Hyde J.S. Time course
EPI of human brain function 
during task activation. Magn
Reson Med, 25(2):390-397,
Submitted February 1992,
Published March 1992.

Motor

Magnitude-Only Time Series

No Exogenous Contrast Agent. Endogenous BOLD Contrast.



II.1. Background

When I first started reading about FMRI in 1998, I saw pictures of FMRI

28Rowe Lab

Marquette University

Kwong K.K., Belliveau J.W., 
Chesler D.A., Goldberg I.E., 
Weissko
R.M. Poncelet

B.P. Kennedy D.N., Hoppel B.E., 
Cohen M.S., and Turner R. 
Oxygenation-sensitive
contrast in magnetic resonance 
image of rodent brain at high 
magnetic elds. Proc
Natl Acad Sci USA, 89(12):5675-
5679, March 1992.

Visual

Magnitude-Only Time Series

No Exogenous Contrast Agent. Endogenous BOLD Contrast.



II.1. Background

When I first started reading about FMRI in 1998, I saw pictures of FMRI
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Ogawa S., Tank D.W., Menon R.S., 
Ellermann J.M. ad Kim S.G., 
Merkle H., and
Ugurbil K. Intrinsic signal changes 
accompanying sensory 
stimulation: Functional brain
mapping with magnetic 
resonance imaging. Proc Natl 
Acad Sci USA, 89(13):5951-5955,
March 1992.

Visual

Magnitude-Only Time Series

No Exogenous Contrast Agent. Endogenous BOLD Contrast.



II.1. Background

I joined a research group at Caltech in 1999 and published in 2001.
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Rowe DB. Bayesian source 
separation for reference function 
determination in fMRI. Magn. 
Reson. Med. 46(2):374-378 
(2001).

Decision

Magnitude-Only Time Series



II.2. Measured Data

At MCW in 2001 I learned time series not just k-space are complex-valued.
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Very simple model.



II.2. Measured Data

At MCW in 2001 I learned time series not just k-space are complex-valued.
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a) b)

d)c)

Simple model and only simulated data.



II.2. Measured Data

In 2004 published paper on a more general model to experimental data.
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a) b)

d)c)

More advanced model applied to experimental data.
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II.2. Measured Data

In each voxel at time t:
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1Rowe and Logan: NIMG, 23:1078-1092, 2004.
2Rowe: NIMG 25:1124-1132, 2005a.  
3Rowe: NIMG, 25:1310-1324, 2005b.
4Bandettini et al.: MRM, 30:161-173, 1993. 
5Rowe and Logan: NIMG 24:603-606, 2005.
6Rowe, et al.: JNSM, 161:331-341, 2007. 
7Rowe: MRM, 62:1356-1357, 2009.

• Magnitude w/ Constant Phase (CP) Activation1,2

• Magnitude and/or Phase (MP) Activation3,7

• Magnitude-Only (MO) Activation (Discard Phase)4,5

• Phase-Only (PO) Activation (Discard Magnitude)6

Iy

Complex-Valued Time Series



II.2. Measured Data

Results from various activation models.
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Mag & Phase!CP subset of MO!
More focal!

Few CP & PO!

phase noise

MO/UP CP PO

UP/MO & CP UP/MO & PO CP & PO

Rowe and Logan: NIMG, 23:1078-1092, 2004. Rowe: NIMG, 25:1310-1324, 2005b.

Presented at 2005 JSM
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II.2. Measured Data

As it turns out, there is biological info in the phase trough space.
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Magnitude Image                                                      Phase Image

Phase discarded!

Biological structure through space
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Rowe: NIMG, 25:1310-1324, 2005b.

Rowe, et al.: JNSM, 161:331-341, 2007.

Signal Eqn.



II.2. Measured Data

As it turns out, there is biological info in the phase through
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Task related magnitude changes!

Task related phase changes!   

2 2

R Im y y= +

a tan( / )I Ry y =

Magnitude:Task related magnitude changes!

Phase: Task related phase changes!   

Fourier Transforms
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II.2. Measured Data

As it turns out, there is biological info in the phase trough time.
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cortical layers (I-VI) vascular layers (1-4)

venules
10-60μm

capillaries
<10 μm

Intracortical
>60μm

pial
25-250μm

375 μm 375 μm

Figure (left,center) Reina-de la Torre et al.: The Anatomical Record, 

1998.

Figure (right) Duvernoy et al. Brain Res Bull 7:519-579, 1981.

Data (right) Yamaguchi et al. Int J Microcirc Clin Exp 1992.

6. subpial zone

7. precapillary vessels 

8. superficial capillary zone

9. middle capillary zone

10. deep capillary zone

1. pial artery

2. long cortical artery

3. middle cortical artery

4. short cortical artery

5. cortical vein 1Menon: MRM, 47:1-9,  2002., 
2Nencka, Rowe: NIMG, 177-88, 2007.



II.2. Measured Data

As it turns out, there is biological info in the phase through time.
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Phase contains other magnetic
field change info: respiration, motion!

Bodurka et al.: JMR, 1999. Chow et al.: NIMG, 2006.

phase time series

optic 
nerve



II.2. Measured Data

As statisticians we should be starting with the actual measured data.
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=+i × ×

image FT matrix spatial frequencies FT matrix

+i +i +i



II.2. Measured Data

An illustrative example of the DFT as a linear process. 
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=+i × ×

image FT matrix spatial frequencies FT matrix

*Similar presented at 2006 JSM

+i +i +i



II.2. Measured Data

We can write the 2D DFT as a matrix multiplication & include other processes.
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kOIO ×= × ×

=y Of

E(f)= δ

cov(f)=Γ

E(y)=Oδ

cov(f)=OΓOT





II.2. Measured Data

Examples of matrix pre-multiplication reconstruction/processing operators.
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-1.1×10-4

1.1×10-4

18482 rows for 

96×96 image

Rowe DB: Image Reconstruction in Functional MRI. (205-232) In Handbook of 
Statistical Methods for Brain Signals and Images, Chapman & Hall/CRC Press. 

https://www.crcpress.com/Handbook-of-Neuroimaging-Data-Analysis/Ombao-Lindquist-Thompson-Aston/p/book/9781482220971


II.2. Measured Data

Effects of image operations on image mean.
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M

P

O=Ω O=ΩAZO=ΩAO=ΩZ O=SΩAZ

Rowe DB: Image Reconstruction in Functional MRI. (205-232) In Handbook of 
Statistical Methods for Brain Signals and Images, Chapman & Hall/CRC Press. 

https://www.crcpress.com/Handbook-of-Neuroimaging-Data-Analysis/Ombao-Lindquist-Thompson-Aston/p/book/9781482220971


II.2. Measured Data

Effects of image operations on image correlation.
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1 2 3 4 5

6 7 8 9 10

11 1513

16 17 19 20

21 22 23 24 25

12 14

18

+1

-1

25x25 correlation matrix

5x5 image

Rowe DB: Image Reconstruction in Functional MRI. (205-232) In Handbook of 
Statistical Methods for Brain Signals and Images, Chapman & Hall/CRC Press. 

https://www.crcpress.com/Handbook-of-Neuroimaging-Data-Analysis/Ombao-Lindquist-Thompson-Aston/p/book/9781482220971


II.2. Measured Data

We can generalize this to n k-space arrays/images.

This allows us to directly link the measured k-space data to images.
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0

0

image 1

k-space

vector

image n

k-space

vector

image 1

vector

image n

vector

1IO 1kO1

InO knO
n

= ×

Can look at induced time series correlation.



II.2. Measured Data

Can look at the effects of multicoil imaging
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Bruce et al, MRI 2011.



II.2. Measured Data

Can set up usual SENSE reconstruction as a matrix oeration.
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vector of 
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complex
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Bruce et al, MRI 2011.



II.2. Measured Data

Usual SENSE reconstruction induces long range correlations.
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II.3. Opportunities in FMRI

Opportunities in Bayesian image reconstruction.
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Figure 4: True non-task unaliased image (top left), BSENSE

MAP unaliased non-task magnitude image (top right)

using ICM, Mean BSENSE unaliased non-task magnitude

image (bottom left) using Gibbs sampling, and SENSE

non-task magnitude image (bottom right).

Sakitis et al. SMI 2022.

2( , , | )p S v a

Posterior PDF



II.3. Opportunities in FMRI

Opportunities still exist.

Digging deeper to properly model measured data.

Potential for increased biological knowledge.

Think about the biology and not fitting a model to data.
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Discussion

Part I. Founding of Section on Statistics in Imaging

Part II. Foundations of Functional MRI 

52Rowe Lab

Marquette University

Phase discarded!



Thank You

Questions?
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