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SUMMARY

We present a method for performing geometric calibration on cone beam systems [1] with

multiple cone beam colliraators each having its own orientation parameters. This

calibration method relies on the fact that in tomography, for each head, the relative

position of the rotation axis and of the collimator does not change during the acquisition.

In order to ensure the method stability, we separate the parameters to be estimated in

intrinsic parameters and extrinsic parameters [3]. The intrinsic parameters describe the

acquisition geometry and the extrinsic parameters position of the detection system with

respect to the rotation axis.

Intrinsic parameters are measured only once on the head and depend only on the

collimator. These parameters are: the focal length FGd (focal point F to detector distance),

the position of the orthogonal projection Gd of the focal point on the detector and detector

sampling step. Using a grid of point sources that we shift perpendicularly to the detector

plane, we can geometrically compute the value of these parameters. With our device, the

accuracy on measured parameters is of 5% on the focal length. 0.5mm on Gd position and

0.1mm on the detector sampling.We can thus consider that we perfectly know the intrinsic

parameters and use them as constant data in the extrinsic parameters estimation.

Extrinsic parameters must be estimated each time the acquisition geometry of the system is

modified. To define the extrinsic parameters, we must define the origin O of the object

coordinate system on the rotation axis and the point G of the focal axis which are the

closest points of mese two lines. The extrinsic parameters are given by the cone beam

projection positions of O and G on the detector, the distance between G and the detector

along the focal line, and the Euler angles between the detector set of axes and the object set

of axes. The extrinsic parameters are estimated by minimizing the distance between the

measured point source projection positions and the computed positions associated to the

estimated parameters. Due to the fact that we precisely know the intrinsic parameters the

extrinsic parameters are depends only of a scale factor. This scale factor is given by the

value of the distance between the alignment point source and the rotation axis. Fixing the

same value of that distance for each head ensures the coherence of the extrinsic parameters

between each head. Therefore if we reconstruct an object with each head separately we



obtain the exact same image.Using this method, parameters to be estimated are almost

independents because we do not estimate simultaneously the intrinsic parameters. Thus,

we can use any simple least square error minimization method as a Powell method that

does not require partial derivatives computation as Marquait algorithm [2]. The precision

obtained on these parameters is about 0.2 degrees on the angles and lmm on the Od

position. The average distance between the actual projection of the point source and the

projection computed with the estimated parameters is 0.3mm.

We show on experimental data that with this calibration method, the Full Width at Half

Maximum (FWHM) measured on point sources is very close to the theoretical one and

remains unchanged when we use two heads. For our experiments, we used a camera with

a cone beam collimator of the following characteristics: focal length 500mm, hole size 1.5

mm, thickness 45mm, collimator to center of field of view distance 125mm. At the center

of the field of view, the theoretical FWHM after reconstruction is 7.4 mm on the point

source located in the center of the FOV. We measure a 7.8 mm radial FWHM. If we use

more than one head, the resolution is the same for each head and the mixing of the data

induces a very small deterioration of the FWHM. By acquiring two sets of data on the

same object with different parameters with the same collimator (same intrinsic

parameters), we performed two heads system acquisitions. We measured a FWHM of

8mm.

We present here reconstruction of Jaszczak phantom obtained with one head and two head

acquisition and reconstructions on points sources that assess the validity of this method
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We present a method for performing geometric calibration of cone beam
systems with multiple heads, each having its own orientation. In
tomography, for each head, the relative position of the rotation axis and
of the collimator does not change during the acquisition. We thus
separate the parameters in intrinsic parameters and extrinsic parameters.
The intrinsic parameters describe the detection system geometry and the
extrinsic parameters the position of the detection system with respect to
the rotation axis. Intrinsic parameters are measured only on the
collimator. Extrinsic parameters must be estimated each time the
acquisition geometry is modified. Extrinsic parameters are estimated by
minimizing distances between measured point source projection
positions and computed positions with the estimated parameters.
Extrinsic parameters are almost independents because intrinsic
parameters are precisely known. Thus we can use any simple least square
error minimization method as a Powell method. Giving a fix value to the
distance between the point source and the rotation axis in the estimation
process, we ensure the coherence of the extrinsic parameters between
each head. We show with this calibration method that the Full Width at
Half Maximum measured on point sources is very close to the theoretical
one and remains unchanged when we use more than one head. We present
reconstructions on points sources and on Jazczack phantom that show
the validity of this method.
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