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Reconstruction: 1D FT (n=256, At=2 s)
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Reconstruction: 1D FT (n=256, At=2 s)
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There are lines at the frequency locations. Sn@adictan

Real part (image) represents constituent cosine frequencies.
Imaginary part (image) represents constituent sine frequencies.

Intensity of the lines represents amplitude of that frequency. ,
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Reconstruction: 2D FT
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Ty
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Reconstruction: 2D FT (n,=n,=96, Ax=A y=2 mm)
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Reconstruction: 2D IFT
(QyR +i le) X (FR +i |:|)
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Reconstruction: 2D IFT
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Reconstruction: 2D IFT Isomorphism
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Rowe, Nencka, Hoffmann: INSM, 159:361-369, 2007.
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Reconstruction: Processing Image
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Nencka,Hahn,Rowe:JNSM,181:268-82,2009.
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Reconstruction: Processing Image
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Image smoothing

Nencka, Hahn, Rowe: JNSM, 181:268-282, 2009.
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Induced Correlation: Mean and Covariance
If E(f )=f,, then for Of, E(Of )=0f,.

If cov(f )=T", then for Of, cov(Of )=0I'O".

This means that with v=0,Q_.0, f.
E()=0,0,0,f,  ©
cov(v) = (0,Q,0)I(O{ Q[0 ) ==
2p*2p

COF(V) — RZ <——— Spatial Correlation

Spatial Covariance

So even if " = o1, it is not necessarily true that = = o1 |

This has H, fMRI noise and fcMRI connectivity implications!

Nencka, Hahn, Rowe: JNSM, 181:268-282, 2009. Nencka, Rowe: OHBM, 2007. 12
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Induced Correlatlon Matrix to Image
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5x5 correlation image
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Induced Correlation: Simulation Parameters
p(X,y) 1 T,* (X,y)

AB; (X,Y)

A#

H#I
16 over scan lines

BW=250 kHz
At =4 us

EES=0.96 ms
TE=50.0 ms i FWHM=3 pixels

Nencka, Hahn, Rowe: JNSM, 181:268-282, 2009.



Rowe Induced Correlation: Magnitude?

Ideal H A AB,
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Nencka, Hahn, Rowe: JNSM. 181:268-282, zioog.



Rowe Induced Corrrelation: Magnitude? Zoomed
Ideal H A AB,
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Nencka, Hahn, Rowe: JNSM, 181:268-282, 2009.
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here is a for each voxel

a
Induced Correlation: SENSE Multi Coil Combine

processing on unfolded processing on each insert processing on
image vector coil image vector each coil k-space vector
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permute \nfold matrix U’s have S and ¥ : k-space

- - reconstruct n=4 images

Single image vector permute to by \r?eircggéce)g -

Bruce, Karaman, Rowe: MRI, Accepted, 2011. folded voxel
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Induced Correlation: SENSE Multi Coil Combine
y =0 PR U RR (1,8Q0) f
\ J
Y
O - oo e,

where row reverse
.I: — P Rcf permute

O=AZHPQ, cDQmWP

row

O, is k-space preprocessing -

: .. : : adjusted for AB
Q3_ is adj. inverse Fourier matrix Q_ = Q .04 for T

a

f=(f,... f.)" are coil k-space

P, P, P, permutation matrices O, =1, ®S_

u?

U SENSE unfolding matrix AN

Image smoothing
O, Isimage space preprocessing

Bruce, Karaman, Rowe: MRI, Accepted, 2011. 18
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Induced Correlation: SENSE Multi Coil Combine
Statistical Expectation and Covariance.

If E(f )=f,, then for Mf, E(Mf )=Mf,,.
If cov(f )=I", then for Mf, cov(Mf )=MI"M".

This means that with y = Of,

E(y)=0f, and cov(y)=0ro'=x

2px2p

> cor(v) = D;Y*ED; "
So even if T" = &°1, itis not necessarily true that ¥ = 5°1] !

This has H, fMRI noise and fcMRI connectivity implications!

Bruce, Karaman, Rowe: MRI, Accepted, 2011. Nencka, Hahn, Rowe: JNSM, 181:268-282, 20009. 19
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Correlations induced about the center voxel. = = |

Induced Correlation: SENSE Multi Coil Combine

real imag
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Bruce, Karaman, Rowe: MRI, Accepted, 2011. 20
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Induced Correlation: Extend to Time Series
Reconstruction of n images described as:
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Nencka, Rowe: In Progress.
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Induced Correlation: Extend to Time Series

vector

| image n
vector

Nencka, Rowe: In Progress.
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Induced Correlation: Extend to Time Series
(dyn AB,, Ax, At, freq filt)
y=T-P-IRK - f
voxel 1 temporal processing

VI A

yl (OTl O /Ollgalokl O \( fl h
\yp/ k 0 C)Tp/ \_ 0 C)IngzanC)kn/ \_ fn/
2npx1 2npx2np 7\ /K 2npx2np 2npx1

voxel p series filter permute from measurements by image to by voxel
/ yl \ <—— voxel 1 temporally processed series / nreals

y = ij } nx1

y
\yn/ 7 J ylj } nx1

voxel j temporally processed series . \
J :1’ B p 23

Nencka, Rowe: In Progress.
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Induced Correlation: Mean and Covariance
If E(f )=f,, then for E(Of )=0f,.

If cov(f )=I", then for cov(Of )=0I'O".
This means that with y =TPIRKTf .
_ O Covanance
E(y) = TPIRKf, - Covnn
cov(y) = (TPIRK)[(K'R"I'TP'TT) =X

2npx2np

Cor(Y) — Rz <S— Spatio-Temporal Correlation
So even if I' = &1, it is not necessarily true that = = /1 !

This has H, fMRI noise and fcMRI connectivity implications!

Nencka, Rowe: In Progress.

24
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O =TPIRK

800x800

Induced Correlation: Example 5x5 image 8 TRs 2 slices
No Operations ____T,~Decay __ _Apodization, A ____AB, Error

oio Corecio iin oretio erI FiItrin

Nencka, Rowe: In Progress.
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>=0I0 >R,
800x800 800x800
Induced Correlation: Example 5x5 image 8 TRs 2 slices
No Operations T,* Deca ____Apodization, A AB,, Error

Temporal Filtering  Timing Correction  Motion Correction  All Operations

Nencka, Rowe: In Progress.
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> =0I0" — R,

100x100 100x100

Induced Correlation: Example 5x5 image 8 TRs 2 slices
No Operations T,* Deca Apodization, A AB,, Error

Nencka, Rowe: In Progress.
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>=0I0" > R,
16x16 16x16

Induced Correlation: Example 5x5 image 8 TRs 2 slices
No Operations T.* Deca Apodization, A AB, Error

Tembra:l Fillterin | TiminCorrectioh | Mdtioh Correctioh | AIIeaton

Nencka, Rowe: In Progress.
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Utilizing Induced Correlation:
Since for all voxels Then for voxel j, the R-1 cov
is [ )
2., ‘ 20 . >
> — = Z . JR JRI
2npx2n ‘ J B 4
PRem ' ‘ S onxan ij Zj|
" Ik P/
and the magnitude? covariance is
o; = tr(X;) + 414
Ajj = 2tr(2j2j)+4,uj2j,uj |
Ay = 2r(E5E ) + 452 5 14

Nencka, Hahn, Rowe: JNSM, 181:268-282, 2009. 29
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Utilizing Induced Correlation:
Cosd;,

Complex-Valued C, =
0

Yir ijﬁj 7ir

Yi : SjXIBj 75

Compute activation individually for each voxel.

Magnitude-OnIy (assuming high SNR)

L — X,Bj + &5,
T

Compute activation individually for each voxel.

Can form larger spatio-tempporal model.

Nencka, Hahn, Rowe: JNSM, 181:268-282, 2009.
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Induced
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Rowe: NIMG, 25:1310-1324, 2005b.
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Utilizing Induced Correlation: Complex fMRI

The fMRI data Is truly complex-valued images and voxel time
series, Yi = Yre t .

\

given voxel
at time t

Cartesian coordinates
Real-Imaginary

Real Imaginary

Yre Yit 31
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Utilizing Induced Correlation: Magnitude-Only fMRI
Complex-valued images to magnitude and phase Images and
time series, y, = m, explig,] .

\

given voxel
at time t

Polar Coordinates
Magnitude-Phase

Phase discarded!
(in nearly all fMRI)

14 of numbers
are discarded

(and processed)

Biological information
in phase through space!
And also through time.

m Magnitude Phasé
32
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Utilizing Induced Correlation: Magnitude-Only fMRI
Complex-valued images to magnitude and phase images and

time series, y, =m, explig] . —— Magnitude-Only
\ m,

given voxel e
at time t 7,

Phase discarded!
(in nearly all fMRI)

15 of numbers

] are discarded
> (and processed)

s Biological information
ey in phase through space!
_ And also through time.

m Magnitude Phase
33
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Results: Independent 33 £ | e §4n S0
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9 axial slices, 64 x 64, FOV = 24 cm S
TH=3.8mm, TR=1s, TE =26.0ms D >
FA = 450, BW = 125 kHz, ES = .680 ms Q |
@
thresh=
5x10+4 -

Rowe: NIMG, 25:1310-1324, 2005. Hahn, Nencka, Rowe: NIMG, 742-752, 2009.
Rowe: MRM, to appear, 2009. Hahn, Nencka, Rowe: HBM, Online, 2011.
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Discussion:

When DATA ANLYSTS preprocess RESEARCHERS data,
THEY change the mean and covariance structure.
Many preprocessing operations have been shown

to modify or induce a correlation.

WE need to utilize this correlation in OUR analysis model!

35
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Thank You
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