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ABSTRACT. A methodology for correcting spatial distortions in plairaages for small Field Of
View (FOV) y-Camera systems based on Position Sensitive Photomeitiplibes (PSPMT) and
pixelated scintillation crystals is described. The praceslizes a correction matrix whose ele-
ments are derived from a prototyped planar image obtainedigh irradiation of the scintillation
crystal by a°Co point source and without a collimator. The method wasiegjtb several planar
images of a SPECT experiment with a simple phantom congiruet different detection angles.
The tomographic images are obtained using the Maximumlibiked Expectation-Maximization
(MLEM) reconstruction technique. Corrected and uncoegdtnages are compared and the ap-
plied correction methodology is discussed.
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1 Introduction

The existence of spatial distortions is a very common prabfeplanar images from small field of
view y-Camera systems based on Position Sensitive Photomeiitiplibes PSPMT1]—[4]. These
distortions result in the deterioration of the quality ahé tlinical value of the image. Conse-
quently, it is very important to use a correction method fa distorted planar images. For this
reason several methods for correcting this kind of disiogihave been developes f]. The novel
method presented here corrects offline, event by eventptt@abdistortions by using a prototyped
matrix, whose elements are derived from a planar imageiaféeliation of the crystal using®Co
point source. The methodology comprises the extractiom®fktand y experimental coordinates
of some predefined pixels of the planar image. As long as th@nme coordinates of the prede-
fined pixels are known, a two-dimensional extrapolatiorhiégue can be extended to calculate
the nominal coordinates of all data points. The method wasessfully applied to the prototype
image with the®®Co point source, as well as to a set of planar images from a $RE@eriment
with a simple®®™Tc phantom detected at different angles. The resulted imageorrected and
corrected, are compared and the success of the appliedtianrenethodology is discussed.

2 Materialsand methods

2.1 They-Camera system

The main components of theCamera system are a lead parallel-hole collimator, a 4 nmck th
pixelated CsI(TI) scintillator and a PSPMT, model HAMAMAUSR2486 [7]. The 3 diame-
ter cylindrical envelope photomultiplier tube is composdd Bialkali photocathode, a 12 stage
coarse mesh dynode structure and 32 crossed-wired ancdegexd into two orthogonal groups
X and Y. The anode output wires are connected to a resistirrertudivider network so that the
number of the readout signals is reduced to four analogumalsigXa,Xg,Yc,Yp). Both the energy
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Figure 1. Projection image after irradiation of theCamera with &@°Co point source without using the
collimator. Distances are measured in system’s units (410).

and the position of the incident photons can be reconstidoten these four signalg]. The read-
out system comprises a fast analogue to digital convert®xQ)®on a PCI card, model PCI-9812
ADLInk [ 9], with four single ended input channels that lead to four Afibverters simultaneously
running with a maximum sampling rate of 20 MHz. The whole tizinig and data acquisition
system is controlled by software developed on the LabVIEWrenment.

2.2 Correction algorithm

The planar image that was acquired after irradiation of ffstesn, without using the collimator,
from a®Co point source situated at 10 cm far from the crystal surakafter the offline cutoff
of the low energy photons is shown in figuke The pixels of the crystal are clearly visible in this
image, but spatial distortion is also observed, which igifitant at the periphery of the FOV. The
methodology used to correct this spatial distortion is bamsea prototype matrix, which includes
the x and y coordinates of predefined pixels of the image.

These coordinates can be extracted with the help of a de@lgmphical program in FOR-
TRAN. Since the accumulated data are compressed and statteelwell known n-tuple format (rz
files), which are suitable for offline analysis with the CERdMtware (PAW or ROOT), the devel-
oped package makes use of the HIGZ (High level Interface ep@ics and ZEBRA) library1[0].

In figure 2 the experimental and the nominal coordinates of the prestbfiixels are shown. The
coordinates of any data point can be now corrected by agplylmear 2D interpolation algorithm,
which is also written in FORTRAN language.
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Figure 2. Coordinates of the predefined pixels of the pixelated #lation crystal for the synthesis of the

correction matrix: experimental data (left) and nomindles (right).

Figure 3. Phantom of 4 capillaries filled with water solution®"Tc and placed at the acmes of a rotating

orthogonal square prism.

2.3 SPECT experiment

The method was applied in 12 planar images, acquired aftBECS experiment; the tomographic
images were reconstructed by using the maximum-likelinequectation-maximization (MLEM)

reconstruction algorithm. The phantom, which is shown inrég, was consisted of four cylin-

drical capillaries (1.2 mm outer diameter) filled wif"Tc solution and placed at the acmes of a

rotating orthogonal prism. The lead collimator was usednduthe acquisition.
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Figure 4. Uncorrected (left) and corrected (right) projection iraagf the pixelated scintillation crystal.
Distances are measured in system’s units (-1.0, +1.0) aimderunits (mm) in the uncorrected and corrected
image respectively.

3 Results

3.1 %9Coirradiation

The method was applied to the data of the prototyped planagenacquired after the irradia-
tion by a®Co point source. The corrected and uncorrected planar snageshown in figurd.

In the corrected image the spatial distortion has beenidafigtremoved. The distance there is
measured in true units (mm) instead of the original systemiss (-1.0, +1.0) that appear in the
uncorrected image.

3.2 SPECT reconstruction

The method was also applied to the data of the SPECT experint@rrected and uncorrected
tomographic images for two different tomographic leveks aresented in figurg. At the center of
the FOV no differences are observed between the correctedranorrected tomographic images.
Since spatial distortion is greater at the periphery of % Fy approaching the edge of the FOV
the differences become maximal. 3D reconstructed imag#eeafapillaries, corrected and uncor-
rected, are depicted in figu At the uncorrected image due to spatial distortion thelleajgs
appear to be curved, while at the corrected image their palinearity has been restored.

Acknowledgments

This work is partially supported by the BA287 research project, implemented within the frame-
work of the “Reinforcement Programme of Human Research Maep’ (PENED) and co-fi-
nanced by National and Community Funds (25% from the Greelidtty of Development-General
Secretariat of Research and Technology and 75% from E.thgean Social Fund).

The financial support by the program KAPODISTRIAS (Specietédunt for Research Grants)
of the National and Kapodistrian University of Athens istgfally acknowledged.



Figure 5. Reconstructed tomographic images of the phantom use@ IBRECT experiment for 2 different
cuts from the center of the FOV (+12mm at the upper part and Ganthe lower part) of thg-Camera
system. Uncorrected projection images are shown on thpdetfand corrected projection images are shown
on the right part. Differences are greater as the cut distéoen the center is increased.
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Figure 6. 3D reconstructed images of the capillaries based on therteated (left) and corrected (right)
planar images. Distances are measured in mm.
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