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Complex Single Time Images

(a) real image (b) imaginary image
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Magnitude/Phase Single Time Images

(d) phase image

(¢) magnitude image
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Complex Time Course Images

In fMRI we observe a series of complex images over time.
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Magnitude Time Course Images

And not a series of real magnitude images. Phase not used.
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Complex Voxel Time Course

Real /imaginary vector observed over time. Block Design.
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Complex Voxel Time Course

Rotate axis. Real/imaginary scatterplot.
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Complex Voxel Time Course

Rotate axis. Real over time plot.
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Complex Voxel Time Course

Rotate axis. Imaginary over time plot.
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Complex Voxel Time Course

Rotate axis (Avg. Phase). Magnitude over time plot.
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Complex Time Course Model

In a voxel, the complex valued quantity measured over time is

yt = (prcost+npgy) +i(prsind +np), t=1,...n

y; = complex voxel measurement at time ¢
p+ = true magnitude of voxel measurement at time ¢
6 = true fixed unknown voxel phase
nprt = noise real part voxel measurement at time ¢
N7 = noise imaginary part voxel measurement at time ¢

(renr) ~ N (0,%), = oD,

The distributional specification is on the real and imaginary parts
of the image and not on the magnitude.
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Magnitude Time Course Model

The magnitude model from the complex phase model
]

e {<ptCOS‘9+nRt)2+(ﬂtSiﬂ9+nlt)2 Sot=1,..n

The magnitude, does not have a normal distribution.
The magnitude has a Ricean distribution.

(r7+p3)

plr) = “he 27 Io(

Pt - 11
o2

), t=1,...,n

T

I, (/Otg';t) _ /@W % exp {,00_7“ cos(¢p — (9)} doy

is the zeroth order modified Bessel function of the first kind
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Magnitude Ricean Distribution
‘

0
0 1

SNR=p;/c. Looks normal for deacent SNR. Tails?
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Magnitude & Complex Time Course Model

Linear multiple regression model individually for each voxel
pt =230 = 0o+ Brxir + -+ - + Byxar.

ro = X 15 + €
n x 1 nx(qg+1) (¢g+1)x1 n x 1

B X 0 (3 cos b N
y = 0 X Gsin 6 I
mx1 mx2g+1)2g+1)x1  2nx1
where r = (r1,...,mn), y = (y}%, y’])’ and

e ~ N(0,0%1,), 1= (np,,n7,) ~ N(0,0%a,).
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Activation Statistics

Both models have normal likelihoods.

We want to see if the observed time course has a component related
to the reference function.

HQZ Cﬁ:’yVSHli Cﬁ#v

I.e. Is the coefficient for the reference function zero.

C = (Oa"'aoa 1)1 ﬁ/ — (ﬁOaﬁla"'aﬁQ)v Y= 0

MLE’s from both under null and alternative.
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Complex Time Course Model

By maximizing the likelihood under the unconstrained alternative

) = ltan_1 QBAMX?()B[ =
2 (BR(X'X)Br — BHX'X)B1)/2]
B = BRcosé+B]siné,

— R R _/ — R R -
52 _ 1 y— X 0 @COS(? y— X 0 @COS(?
2n 0 X Bsind 0 X Bsind
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Complex Time Course Model

By maximizing the likelihood under the constrained null hypotheses

= ltan_1 B}?;\D(X/AX)BI -
2 (BRY(X'X)BR — BV (X'X)Br)/2.
3 = U[Bpcosd + Brsin b +(X'X)"ldox' X)) ey,
o L1 /(X0 ﬁ:cosé / (X0 ﬁ:cosé
T (O X)(ﬁsin@)] [y (O X)(ﬁsin@)]

V=1, - (X'X)"ldox’x)" e e

Same U as magnitude model.
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Real fMRI Experiment

Imaging Parameters:
1.5T GE Signa

5 axial slices of 128x128
96 acq.-2.0833mm?

128 recon.-1.5625mm?
FOV =20cm
TR=1000ms

TE=47ms

FA=90°

Task:
Bilateral sequential finger tapping
Block design

16 off + 8x(16on+160ff);
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Time Course Models

Compare the two models for testing Hy : (3o = 0.
(=2, X =(en,cn,rpn), C =1(0,0,1), v =0)

Xir = nlog (63,/05;) ~ X3

X% = 2nlog (6%/(3%) ~ X%

Both X% distributed for large samples!
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Real fMRI-Complex H1 Estlmated
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Real fMRI-Magnitude/Complex H1 Estimated [

0.05
8 8
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24 24
40.03
32 32
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48 48
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64 64
0
72 72
80 80 -0.01
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-0.02
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112 112
120 120 -0.04
128 128
8 16 24 32 40 48 56 64 72 80 88 96 104 112 120 128 8 16 24 32 40 48 56 64 72 80 88 96 104 112 120 128 -0.05

These coefficients are not visually that different but numerically different.



Rowe, MCW

Real fMRI-Magnitude/Complex —2log(A) Maps
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These voxel statistics are ~ X%!
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Real fMRI-Magnitude/Complex —2log()\) Maps
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Real fMRI-Magnitude/Complex —2log()\) Maps
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Real fMRI-Magnitude/Complex —2log()\) Maps
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Discussion

A complex data fMRI activation model was presented .
Complex and magnitude models activation compared on real data.

Not shown
Complex and magnitude models power compared on simulated data.

For a given CNR the complex model power constant irrespective
of SNR while the magnitude model power decreases.

For smaller SNR's, the complex activation model demonstrated
better power

The complex model more useful as SNR decreases with voxel size.
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Current /Future Work

Cramer-Rao Lower bounds for parameters (submitted).
-CRLB for SE of variance 1/2 in complex model

p o’
CRLBy;= 8 [a2(X'X)~t 0
o’ 0 204 I
p o’
_ B [oerx'X)™h 0
0 | 0 0 o?/f
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Current /Future Work

Phase not constant over time, 6; # 6 (submitted).

(A O X 0 15 N
=0 4 0 X 3 '
2n X 1 2n x2n 2n x2(g+1) 2(¢g+1) x1  2nx1
A1 and A9 hasve cos 6y and sin 6 on diagonals.

6+ unique at each time point.
-Exactly equivalent to large SNR magnitude-only model.



