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k-space Sampling: A New Trajectory and Two Reconstruction Methody ~
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Intzsluction

Palat sumpling 15 o consmon pracedure in MRL For fnstance
we refer the Projection Reconstruction (PR) methods or the
Hanke! Transform Reconstruction (HTR) [i} ones. The
rebustness  of this sampling scheme draws from the
insensitivity of these methods to the motion influence. Indecd
PR noeds no phase in reconstructing an object Moreover, cach
pelar trajectory in k-space introduces low spatial frequencics.
Conseguently, motion artifacts, for example, brain pulsatilidy
artifzets [2), are weak in magnitude.

The erdinaty way 10 reconstruct the unknown object from
polar sampies is the interpoiation of data 10 & rectanguelar grid.
A 2D FFT reoriginates the object. The wse of Hankel
Transform (HT) eliminates the resulting antifacts, which wre
due 1o the nor-linearity of interpolation

We present here 1wo methods for reconstrugtion of an
unknawn function, using polar samples of k-space. In the first,
we acquire the data on equidistant circles - 25 in PR methods.
An interpolation function gives the real values on the required
rectangular grid In the second method we intraduce a new k-
space teajectony: it cansists of concentric circles on the roots of
Jfe} {Bessel function of first kind of zero order). An adequate
interpolation function based en the polar sampling theorem
provides the exact rectangular grid. The root sampling method
gives the same resulis with the vniform sampling one, although
it requires fewer sumples.

Thewry
We assume that the function F@e) to be reconstructed is
a-bandlimited, that is
flr,)=0 r>a n
where Ff) denotes the 2D Fourier Transform {FT) of /7t

Uniferm sampling The projections of f{n8) witl also have a
maximum radial frequency @ According to the centrai slice
theorem, we can apply the sampling theorem to each slice of
Fearg). Therefere if we know the values of Fye) on the
concentsic cireles Far=nw, Pl w,w/0, Fioo@) s given by
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Sampling on the roots of ffw) We establish now a new k-
space trajsetory. [t rosults from the cencentric circles w=a, on
the reots of JLfw) ie,
Jfaep=0
Given the pelar sampiing theorem {3] we can prove that §4]
7w o oah, (a; -
Fog=> § F 10000 Told e,
a == f=l Jl(a,-a) a -@

where
e - jug
dotagy==— [ Fla = a;.0)-¢ - de (5)
kEREH
Thus, if we have the samples of Frogf on concentrie circles
w=ir, wilh op a5 in (3}, we can recover Sl using (4)

Mgthods and Resulis
The herein proposed metheds may be classificd into an
crder of steps as it follows.

Uniform Sempling Reconstruction (USR)

L Acquisitien of N, samples on each slice passing through &
point of the rectanguiar grid

2 Recovering of this point using the interpolation scheme of
g2},

3. 2D FFT on the resulting rectangular grid.

I Froot Ssmpling Reconsiruction (f,-r5R)

1. Acquisition of N, samples on the concentric circles m=a; with
4, as in (3)

2. 1D FFT on each cirele (eq.(5)}

3. Recovering of the rectangular grid using eq(4).

4. 2D FFT on the resulting rectangular grd

For the USR the pulse sequeace nmocessary for Jduts
acquisition is similar 1o the one of Filtered Back Projostion
Reconstruction (FBPR), although it has  variable angelar step
In Jr8R the only dilfercnce with FBPR in pulse sequence s
the amplitude, which is not constant. The narm afl oot
J(w) prescribes now the amplitude.

The phantom used for simulation was @ very simple one
the sombrere fuaction
alytaw)
Flw,g) s —— 1
2na
in k-space, with 2D FT the cylinder fuaction of unitary radiu:
(Figl, 64x64 prototype) For USK we used 32 samples aleng the
radial variable, The corresponding rectangular grid was 64xt
with @,=n {Nyguist rate). To find the values on the above prid
we need 2462 sampies on vach cirele. Fig2 depicts the resuiung
function. In J,-rSR we also used 32 radial samples and
rectangular grid of 64x64 poiats. We used in cach cirele Si2
sampies. Figd illustrates the function resulting from thr
process.  Fimally we performed the Classical Reconstruction
{CR) method of the predefined fuaction. We acquired 32x512
samples an & polar grid. Then we secovered the corresponding
64x64 rectangular grid vsing linear interpotstion of four poinis,
hath at the sadial and angular direction Figd depicts the
function resuting from this process.

The figures reveal the supuriosity of 1he propused mvthed
over the classical method used since-to-date, The sritsens
the latter method and the noise in reconstruction completely
vanish in the two new methods. Morsover for the J-r5R
method we used 4 times fewer samples than the USSR
Although the pretotype used has 2 circular symmetry the
results remain the same for an arbitrary function For
simplicity we used this eylinder phantom.

We presented a new k-space trajectory for palar sumphing
schemes in MRL It consists of conceatric cireles on Jiw) roons.
We also established two new methads for reconstructing an
abject, one for the new tiajectary (f,~rSR) and another for the
PR trajectory (USR). They provide betier results than the
classical method {CR} (interpolation from polar to rectangular
grid) used since-to-date The new Leajectory reguires also a
small number of samples.
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Figure ). The prototype

Figure LThe S8R

Figure 4. The CR.
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