X-ray micro-CT with a displaced detector array
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Because the sizes of samples differ in x-ray micro-CT applications, it is desirable to have a mecha-
nism to change the field of view of a micro-CT scanner. A well-known way to double the diameter
of the field of view is to displace a detector array by 50%. In this paper, we propose to displace a
detector array by an amount of greater than 0% but less than 50% for a continuously adjustable field
of view, and formulate a weighting scheme for artifact-free reconstruction. Then, we perform
numerical simulation with the Shepp—Logan phantom to demonstrate the feasibility in fan-beam
and cone-beam geometry. @002 American Association of Physicists in Medicine.
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With improvement of x-ray source and detector technologiedNote thatp is between 0% and 50%. In Fig. 1, the detector
as well as increasing biomedical needs for micro-CT, there iarray is displaced along the direction of thaxis to increase
a great interest in developing micro-CT scanners capable dhe field of view. In the most common equispatial fan-beam
imaging samples of different sizes. Practically, it is preferredgeometry, the detector array can be physically displaced,
to cover samples of various sizes with a given detector arrawhile the source-to-detector distance remains constant. In a
(for example, a CCD camexaA traditional way for doubling  scanning process, the detector array will not be repositioned.
the field of view is to displace a detector array by 50% of the It can be shown that the fan-beam imaging with a dis-
detection range, and rebin truncated data into a set of conplaced detector array leads to a rectangular redundant data
plete data. To the best of our knowledge, the cases of detecegion, as indicated in gray in Fig. 2. We first give the fol-
tor displacement of greater than 0% but less than 50% hdswing weighting function on the rectangular redundant re-
not been studied before. In this paper, we first describe thgion for equiangular data:
geometry of the detector array displacement, and formulate a
data weighting scheme for image reconstruction. Then, we (a,B)= E(Sin Ta
perform numerical simulation with the Shepp—Logan phan- ’ 2 20
tom to demonstrate the feasibility of the weighting scheme i
fan-beam and cone-beam geometry.

The advantages of such a detector displacement is two-

+1|, —0<a<0. 2

rll'hen, we transform the above formula for equispatial data:

fold. First, more data can be acquired for improved spatial 1 warctan%
and contrast resolution. Second, data processing for image w(t,)==| sinf ——— | +1 |, -0<t<0.
reconstruction can be performed more efficiently. In contrast 2 2 arcta 0
to our direct weighting scheme to be described below, tradi- R

tional rebinning operations would compromise the spatial )
resolution in the interpolation process. Additionally, the re-

bmpmg process is more computationally involved than OUNt s straightforward to verify that the weighting scheme does
We|ght|.ng scheme. I meet all the requirements imposed by Parkém., (1)

We |IIustrat§ the fan-beam geometry in F'g 1, where theboundary continuity and2) unit total weight over the rect-
detecf[or array is scaled to go through the origin of the reConéngular redundant region. Specifically, because the sine func-
struction systemp denoteg t.he gngular position of an x-ray tion and its derivatives are continuous, we immediately have
source,R the source-to-origin distanceand « are respec- boundary continuity. To show the unit total weight over

:'r\]'elly the Spat't‘f‘l Iand dangulallr positions fOIha d;tfm?angg the redundant region, we utilize the relationship between op-
€ larger spatial and anguiar spans of th€ detector aray, Posite ray$ and compute the total weight as follows:
and 0 the corresponding smaller spans of the array. The per-

centagep of the detector array displacement can be defined w(a,8)+w(—a,8+ 7+ 2a)

The above weighting scheme can be visualized in Fig. 3.

as follows:
_ 1/ (7« 1 1/ [—7a 1l=1 4
®+A_® =5 S|n2—0+ +§ sin 50 +1]=1. (4)
2
- 0,
P 0+A »100%. @ Similar to what was done with the weighting scheme for
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X Fic. 3. lllustration of the weighting function for fan-beam CT with a dis-
placed detector array.
p(BYZL(B) :
{=————, u=xcosB+ysing,
Fic. 1. Fan-beam geometry with a displaced detector array. p(B)—u

v=-—xsinB+ycosB, Z(B)=z—h(p),

multiple x-ray source$the above weighting function can be h(B) the distance between the source and thg plane
inserted into not only the conventional fan-beam reconstruc; (p.B) the weighting function for equispatial da’ta
tion formula but also the Feldkamp-type cone-beam reconD(B,p’g) equispatial cone-beam data, ahd) the recon-
struction formuld* for image reconstruction with a dis- struction filter

placed two-dimensional-D) detector array: In our numerical simulation of micro-CT with a displaced

1 (27 p?(B) % detector array, both fan-beam and cone-beam image recon-
9xy.2)=7 fo COEDE LWW(D,B)D(IB:D,D struction programs were developed in C on an SGI 02 work-
station. The 3-D Shepp and Logan phantom was used as the
p(B)u o(B) testing object
xf — p) dp dg, First, we performed the fan-beam simulation. The source-
p(B)—v Vp2(B)+p°+ 2

to-origin distance was 5. The length of the detector array was
(5) 2.2 with 256 cells. The number of projections was 200. The
offsets were about 13% and 27%, respectively. The 2-D
wherep(p) is the distance between the source andzthgis,  phantom was extracted at —0.25 from the 3-D phantom.
Images were reconstructed on 256 by 256 matrices. The
pixel values were linearly transformed into 256 discrete gray
AB levels. Figure 4 shows images reconstructed from data col-
lected with the displaced 1-D detector array using either
2 weights of3 or our proposed weights, along with mean ab-
solute errors.

Then, we performed the cone-beam simulation in a simi-
lar fashion. The detector plane was set to 2.2 by 2.2 with 256
by 256 detectors, whose center was at the origin of the re-
construction coordinate systeriy-z. A circular scanning

\ locus of radius 5 was used. The number of projection was
also 200. Images were reconstructed on 256 by 256 matrices

e ﬂ):l[sin(ﬂ)n] as well. Figure 5 shows images reconstructed from data col-

’ 2 lected with the displaced 2-D detector array using the Feld-

kamp algorithm after eitheg weighting or our proposed
- weighting, along with mean absolute errors.
2arctan & It is observed that the images reconstructed using the pro-
R posed weighting scheme contain little artifacts, and do not
o = di_ffer visually from the trfa\ditional reconstruction. AIt.hough
) (O © ) W|th.the deteptor array dlsplace.me'nt parts.of an object'pass
outside the field of view, the missing locations in the sino-

Fic. 2. Redundant region and weighting function for fan-beam CT with agram  will be_ Covered1_ _because the sinogram is doubly
displaced detector array. sampled during a traditional full scan. Note that the re-

t
rarctan —

w(t, B) :% sin

0
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(a) (b)

(c) (d) (c)

Fic. 4. Numerical simulation of fan-beam CT with a displaced detectorFic. 5. Numerical simulation of cone-beam CT with a displaced detector
array. () Reconstruction of the Shepp—Logan phantom with 13% detectorarray.(a) Reconstruction of the Shepp—Logan phantom with 13% detector
displacement anc% weights; (b) reconstruction of(a) using our proposed displacement anc% weights; (b) reconstruction of(@) using our proposed
weights;(c) Reconstruction with 27% detector displacement érwkeights, weights;(c) Reconstruction with 27% detector displacement érwbights,

(d) reconstruction ofc) using our proposed weights. Relative to the stan- (d) reconstruction ofc) using our proposed weights. Relative to the stan-
dard filtered backprojection image, the mean absolute-errors of the imagefard filtered backprojection image, the mean absolute errors of the images
are(a) 4.92,(b) 0.25,(c) 28.56, andd) 0.27. are(a) 6.76,(b) 0.57,(c) 30.72, andd) 0.51.

lationship between the image quality and the imaging paramudseful for a medical CT system, since the size of the patient
eters essentially remains the same as what is well known iis relatively fixed, and we do not need much flexibility as we
the field, except that the data sampling density in the sinodo with micro-CT.
gram has been decreased with the detector displacement In conclusion, we have proposed a flexible scanning mode
scheme. by displacing a detector array for a continuously adjustable
We emphasize that although data collected using the didield of view, and formulated a weighting scheme for direct
placed detector array can be rebinned for reconstruction, it iltered backprojection in fan-beam and cone-beam geom-
advantageous in terms of spatial resolution and computaetry. This weighting scheme may be applied with other cone-
tional efficiency to weight the truncated data appropriatelypbeam algorithms as well.
then reconstruct images directly from the weighted data. In
other words, if the data are not weighted according to a, N .
ighting scheme, they must be rebinned to a set of com- Flectronic mail: ge-wang@uiowa.edu - :
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