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Problem Definition

Body Coil and Surface Coils Raw Measurements Density Images




Problem Definition

Body Coil & Fully Sampled Image Subsampling and Aliasing




Problem Definition

Surface Coils, Images Modulated and Aliased Measured Densities

Problem: Reconstruct uncorrupted image from
modulated and aliased measurements




Correction of Single Coil Images

Modulation Correction
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Correction of Single Coil Images

A Model Function
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f 1s not convex, minimizer is in a flat elongated region,
Newton’s Method is not suitable,
Minimizers are numerically non-unique,
Guided Nonlinear Gauss-Seidel is used.



Correction of Single Coil Images
Solve for one variable after the other: sensitivity
VA% +ufo = ull, Oppyno = Oppo = Opro =0

Guidance: S(u) «— u, 0 «— o/ r51>aa<(0)

Barrier functions not necessary in practice:

max() > 0

Penalty [, |Ac|*dx has disturbing BCs

So do periodic boundary conditions from spectral formulation



Correction of Single Coil Images

Solve for one variable after the other: segmentation

M
S(u) = ,Z CiXi

Minimize J(£q, . . = |o(S(u) — u) da: Topological derivative:
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Correction of Single Coil Images

Solve for one variable after the other: image

Define F : L*(Q) — RU {oc} and G : L*(Q2) — R U {oo} so that J(u) = F(u) + G(u):

1
Flu) =5 plow—a*dz + 2 [, u’da G(u) = & |y 6| Vul)da
Convex conjugates F* : L*(Q) — RU {oo} and G* : L*(Q) — R U {00},

1
F@) =5 hls+o) w+on)? —wlde  G(v) = Is,(v) + 2; b V(A ) 2da
Primal-Dual optimality system:
Flu)+ F(v) = fyuvde (k +0%)u — ANyw = ot
G(u) + G*(—v) = — |, uvdx —uVu+ |Vu] Vw = 0

where u € L*(Q), Ayw € S, = {v € L*(Q) : [V(A{")| < u, fyudx = 0}

{ Aw = v, 2 Jowdz = |yvdx =0

ow/oOn = 0, 0f)

Solve by generlized Newton Method.



Correction of Single Coil Images

Modulation correction: computational results




Correction of Single Coil Images

Aliasing Correction

1. ~ K . |
J(u) = 5 | Pu — a|*dx + 5/Q w’dx + p fp, d(|Vul?)dex

The projection P = F~!yF is defined in terms of:
Fu=w, w(k)= /Q u(w)e_QMk'mda: F 1y = u, u(x)= . OZO w<k>62mk'fc

In the present context, the characteristic function y is so that P = () + R where
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and:



Correction of Single Coil Images

Aliasing Correction

P =@ + R where

(Qu)(w1,22) = ]\1&”%116(3317 (a4 (n = 1)/Ni), 2] =2 — [2]

(@) =2 % fyuly) cos(2rki - (x — y)dy

Primal-dual optimality system solved by generalized Newton method:

(Ru

N—

(k 4+ P)u — Ayw = 1

—puVu + |[Vu | Vuw ue L’ (Q), AxwesS,

|
-



Correction of Single Coil Images

Aliasing correction: computational results




Reconstruction from parallel coil measurements
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Reconstruction from parallel coil measurements
Solve for one variable after the other: sensitivity
[VA? + uPulo; = utly, Oppn0i = Opnoi = Opro; =0

Guidance: S(u) «— u, 0; < 0;/ m%(m)
iU

Numerically, P=Q + R — P, = Qj + VthT

1
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[vA? + uPu)y, is invertible with the Sherman-Morrison-Woodbury formula:

C = [vB,+ D(U)Q,DU)], C+DUWVVIDU)=C+XX"  X=DU)W,
CH+XxXxH't=c'+o'xg+x'cx)'xtot!



Reconstruction from parallel coil measurements

Solve for one variable after the other: image
Define F : L*(Q) — RU {oc} and G : L*(Q2) — R U {oo} so that J(u) = F(u) + G(u):

1 Ne
Flu) =5 ¥ | Pow —wfde+ fu'da G(u) =5 fy ¢c(|Vul)de

Convex conjugates F* : L*(Q) — RU {oo} and G* : L*(Q) — R U {00},

1 Ne
F*(v) = 5/9 {(v + El aiui)

Primal-Dual optimality system:

N —1 Ne Ne
kI + '21 O'Z'PO'Z} (U — '21 az-u) Z }dw

N. Ne
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{ Flu)+F v) = J|yuvde
G(u) + G*(—v) = — |uvdx

—uVu+ |Vu| Vw = 0
where u € L*(Q), Ayw € S, = {v € L*(Q) : |[V(AJM)| < p, lpvde = 0}

{ Aw = v, 02 Jowdz = |yvdx =0

Ow/On = 0, 0

Solve by generlized Newton Method.  The SMW formula applies as well for the numerics.



Reconstruction from parallel coil measurements

Parallel reconstruction: computational results, N, =10

N.= Ny =2 N.= Ny =4 N.=8>4=N;




Reconstruction from parallel coil measurements

Parallel reconstruction: computational results, N. =8, Ny =4, N, =42

noise=0%, p = 10~*  noise=5%, u =3-107* noise=5%, =0




