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Overview
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Mapnetic rezonance Imaging
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Non-Cartesian Scanner Trajectory
Least-squares (L5) reconstruchon algorithm
Optimizing the LS reconstruction on the G20
— Orverconune bottlenecks
— Performance tuning
Summary
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Reconstructing MR Images

Caresian Scan Data
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Cartesian scan dafa + FFT
Slow scan, fast reconstruction, images may be poar
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Reconstructing MR Images
Spiral Er:an Data
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Spiral 5can data + Gridding + FFT.
Fast scan, fast reconstruction, better images
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Reconstructing MR Images
Spiral Scan Data
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Least-Squares [LS)

Spiral scan data + LS

| Supenor images at expense of significantly more computation
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An Exciting Revolution - Sodium Map of

+ Images of sodium 1n the bram

— Very large mumber of samples for increased SNE
— Paquires hizh-goality reconstruction

+ Enahbles study of bram-cell v1ability before anatome changes
ocour in stroke and cancer treatment — within days!
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Least- Eqﬂuare:s Reconstruction
F®Fp=F"d

+ Q depends only on scanner

configuration
F7d depends on zcan data

p found wsing linear zolver

Accelerate Q and F*d on G380
— Q: 1-2 days on CPU

— F*4- 6-7 hours on CPU

— p- 1.5 mumafes on CPLT
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for (M= 0; m < H; m#+) |

}

FhiHeg[m] = rPollm) *:Fai[m] +

Ter (no= D

1FRd (] *1FR) (] ;

B < M B [

QEpD = 2+DI¥ [kx[m]+*x[r] #
ky[m]*yie] +
kz[m]*z[E] )

EQ[n] +=phibog [m] fooa (axpd)
1Q[n] ephibiog () Y216 {axpa)

(=] O computaticon

Qvs. FHD
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oy (m o= 0O

J

m< M o) |

En[m] = rPhi[m]*rl[m] +
LEhd [m] *i0[m] :

JHn[E)] = rEhi[m]*in[m] -
LFhd [m] *zD[m] :

for (o= 0: B « M: ned) |
QMPERD = Z*EFI* [(kx[m]*e[n] +
ky[m]+yis] +
kr[m]*=in]]

cArg = cod[a¥pFhD) ;
SArg = ain[axpShi)

rFnD[n] += EMa[m]*chrg -
Ak [m] *sheg
1M [m] *cheg +
b [m] *shrg:

1FND[n] 4=

(] Fd computatlisan

Algorithms to Accelerate

for (m=0; m < M: m++] | * Scan data
i o — M == scan pomnts
A i Y =
iMo(m] = =il fu]*ihps] - * Pixel data
1Phd [m) *=D[m] ety

for (B =0 B < H: a++) [
WRpEhT = Z2FRT* (ke[m]*x[n] +
kym]*y[n] +
ke[m]*z[n]}]:
CRFE = ool [aepEhi]
ERrg = sin[awpEhn] :

- X, ¥, 2= mput 3D paxel
data

— rFhD), 1IFhD= cutput
izel flata
= Complexity 1z O(MIN)

YFED[n] += rHu[m]*chrg - * Inner lﬂ":'F

1M [m] *aRrg — 13FP MUL or ADD ops
AFKD[n] += AMu[m]*chrg + — 1FP trig ops
: T _ 12 loads, 2 stores
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