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3D SPECT image quality is limited by counting statistics. In order to
improve sensitivity, a cone-beam collimator can be used, but the field of
view is then reduced. Accordingly, if the cone-beam aperture is set up to
focus on a small region, .'ike heart or a small organ, within a larger
object, we produce truncated projections and reconstruction artifacts. To
avoid this problem, we propose a new circular multifocal coUimator.
Each aidai line of detector has its own focal point. The multiple focal
points are distributed on a transaxial circle which is the trajectory of the
focal points during the circular acquisition. This distribution provides a
strong focussing at the center of the detector like a cone-beam
coUimator, with a good sensitivity, and a weak tiansaxial focussing at
the periphery, to ensure acquisition of sufficient data in order to prevent
truncation artifacts. For each projections set of the previous multifocal
geometry, we have an equivalent virtual cone-beam projections set with a
larger detector and a focal length which is the focal length at the central
part of the multifocal collimator. Thus, we can derive a first solution for
an analytical multifocal reconstruction algorithm : to rebine the
projections set from multifocal to cone-beam geometry, then to use a 3D
cone-beam reconstruction algorithm. We propose to use Grangeat
algorithm, as we have a large aperture, in order to reconstruct with a good
sensitivity the region of interest.
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SUMMARY

An important issue for Single Photon Emission Tomography (SPECT) in medical imaging is the

3D reconstruction of a Region Of Interest (ROI) like heart or a small organ within the trunk. For

brain imaging, we have developed a dedicated cone-beam collimator [I]. The use of a cone-beam

collimator increases the solid angle under which the camera detects the emitting sources, and thus

increases the sensitivity of the acquisition device in comparison with a parallel collimator. A

second interest of cone-beam geometry is the improvement of geometric resolution due to the

magnification effect. Nevertheless, one constraint of cone-beam geometry is the reduction of the

field of view which induces difficulties to reconstruct a small region of interest placed in a larger

emitting part associated to the background. If the cone-beam aperture is set up to focus on the

region of interest, we produce truncated projections and reconstruction artifacts. In the other case,

if the cone-beam aperture is set up to image the whole object, the focussing is weak and we have

a light gain in sensitivity. Therefore, in order to have a good trade off, we propose a new

multifocal focussing collimator dedicated to SPECT ROI imaging , and a dedicated 3D

reconstruction algorithm.

In a first part, we describe the geometry of this multifocal collimator. The collimator is said

"circular multifocal" because it has plenty of focal points distributed on a circle. Each axial line of

the collimator focusses on its own focal point. The focal points are distributed on a transaxial

circle centered on the rotation axis, and this circle must be the focal points trajectory during the

circular acquisition. This distribution is achieved in order to ensure a strong focussing at the

center of the detector, like a cone-beam collimator with a good sensitivity, and a weak transaxial

focussing at the periphery, to ensure acquisition of sufficient data in order to prevent truncation

artifacts. We show that each projection Une in the multifocal acquisition geometry is also a

projection line in a virtual cone-beam acquisition geometry with a larger detector and a focal

length which is the focal length at the central part of the multifocal collimator. Then, we give the

equations of the transformation from the circular multifocal coordinate system to the virtual cone-

beam coordinate system.

In a second part, we describe an analytical 3D multifocal reconstruction algorithm which consists

in two steps : first projections are rebinned from circular multifocal geometry to virtual cone-

beam geometry, then a standard 3D cone-beam reconstruction of a virtual cone-beam projections

set is performed. The rebinning from multifocal to cone-beam geometry is possible because of

the specific circular multifocal geometry we have designed, and is impossible with others

multifocal geometries, like those described in [3], where focal points are distributed on lines.



Then, as we have a large virtual cone-beam detector, that is to say a strong aperture, we propose

to use Grangeat cone-beam reconstruction algorithm [2].

In a third part, we compare reconstructions of a simulated object from cone-beam truncated

projections, circular multifocal projections and equivalent virtual cone-beam projections.
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