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Title: METHOD AND SYSTEM FOR CALIBRATION

(57) Abstract: The present invention relates to the field of radiation therapy. In particular, the invention concerns a method of calib -
rating a positioning system in a radiation therapy system comprising a radiation therapy unit having a fixed radiation focus. The
method comprises the steps of irradiating a calibration tool comprising at least one reference object, capturing at least one two-di-
mensional image including cross- sectional representations of reference objects of the calibration tool and determining image co -
ordinates of the representation of each reference object. Based on the reference objects image coordinates, positions of the reference
objects in the stereotactic coordinate system relative to an origin of the calibration tool and the position of the origin of the calibra -
tion tool relative to the imaging unit, a position difference between the position of the calibration tool in the stereotactic coordinate
system and a position of the calibration tool in an imaging system coordinate system including a translational and rotational position
difference is calculated.
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Method and system for calibration

Field of the invention

The present invention relates to the field of radiation therapy. In particular, the
present invention concerns a method of calibrating a positioning system in a radiation

therapy system comprising a radiation therapy unit having a fixed radiation focus.

Background of the invention

The development of surgical techniques has made great progress over the
years. For instance, for patients requiring brain surgery, non-invasive surgery is now
available which is afflicted with very little trauma to the patient.

One system for non-invasive surgery is sold under the name of Leksell
Gamma Knife®, which provides such surgery by means of gamma radiation. The
radiation is emitted from a large number of fixed radioactive sources and is focused
by means of collimators, i.e. passages or channels for obtaining a beam of limited
cross section, towards a defined target or treatment volume. Each of the sources
provides a dose of gamma radiation which is insufficient to damage intervening
tissue. However, tissue destruction occurs where the radiation beams from all
radiation sources intersect or converge, causing the radiation to reach tissue-destruc-
tive levels. The point of convergence is hereinafter referred to as the “focus”.

A patient to be treated with radiation therapy is fixated to a positioning system
using a stereotactic fixation unit. Hence, the stereotactic fixation unit immobilizes a
treatment volume in the patient in relation to the positioning system, i.e. immobilizes
a portion of the patient containing a tissue area to be treated. For example, when the
treatment area or volume is a portion of tissue within the head of a patient, the
stereotactic fixation unit generally constitutes a head fixation frame which, for
example, may be fixed to the skull of the patient, e.g. by fixation screws or the like.
Then, the coordinates of the stereotactic fixation unit is defined by a stereotactic
fixation unit coordinate system, which through the fixed relationship with the
treatment volume also is used for defining the outlines of the treatment volume. In
operation, the stereotactic fixation unit, and hence the stereotactic fixation unit
coordinate system, is moved in relation to the fixed radiation focus such that the
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focus is accurately positioned in the intended coordinate of the fixation unit
coordinate system.

Examples of such a stereotactic fixation unit and coordinate system include
the Leksell stereotactic head frame and the Leksell XYZ coordinate system,
respectively. The Leksell XYZ coordinate system is a Cartesian coordinate system
defined by three orthogonal axes perfectly aligned with the frame of a stereotactic
fixation unit, which is arranged with three orthogonal sides. In relation to a patient,
the x-axis extends in the medial-lateral direction of the patient, the y-axis extends in
the anterior—posterior direction, and the z-axis extends in the cranial-caudal direction.

In other words, if a patient is properly positioned in the Leksell XYZ coordinate
system, the x-axis would run from ear to ear, the z-axis from head to toe, and the y-
axis from back to front of the patient.

In connection with radiation therapy in radiation therapy systems, the therapy
is planned in a treatment planning system. The treatment volume of the patient is
scanned using an imaging system, for example, a cone beam computed tomography
(CBCT) system and the scanned images are input to the treatment planning system.
Computed tomography (CT) imaging, also referred to as a computed axial
tomography (CAT) scan, involves the use of rotating x-ray equipment, combined with
a digital computer, to obtain images of the body. Using CT imaging, cross sectional
images of body organs and tissues can be produced. Using CT imaging, not only can
physicians confirm that tumors exist, but they can also pinpoint their locations,
accurately measure the size of tumors, and determine whether or not they’'ve spread
to neighboring tissues. In addition to the diagnosis of certain cancers, CT imaging is
used for planning and administering radiation cancer treatments, as well as for
planning certain types of surgeries. Using CBCT images a volumetric reconstruction
of the treatment volume can be created, which can be used in planning the
treatment. To this end, the volumetric reconstruction of the treatment volume must be
exactly related to the focus position of the radiation therapy system and the
positioning system.

However, the CBCT reconstruction is made with relation to the rotation axis of
the imaging system and the rotation axis of the CBCT system and the stereotactic
fixation unit coordinate system are not aligned but will have variation due to, for
example, manufacturing tolerances. Such angular variations between the CBCT
coordinate system and the stereotactic fixation unit coordinate system can, for
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example, lead to positioning errors when the patient is fixated to the positioning
system and positioned within the radiation unit for a therapy session.

In the prior art, there have been attempts to solve the above-mentioned
problems. In WO 2012/146301 by the same applicant, systems and methods for
calibrating an imaging system are presented. According to WO 2012/146301, a
three-dimensional reconstruction of a calibration tool is created based on sets of
images and the three-dimensional reconstructions is then compared to the known
position and orientation, i.e. pose, of the calibration tool in the stereotactic coordinate
system to obtain a position difference. This solution requires that a large number of
images are captured in order to create an adequate volumetric reconstruction of the
calibration tool.

Similar problems with misalignments between objects are also dealt with in
technical fields such as computer vision and robotics. In these fields, common tasks
also include to identify specific objects in images and to determine each object’s
position and orientation relative to a coordinate system. For example, machine
learning algorithms are used to learn the mappings from 2D image features to pose
transformation based on a large set of training cases or try to optimize the fit through
a feedback mechanism. Another approach is so called geometric methods where
sets of control points on an object, typically corners or other characterizing features,
are identified in images of the object and based on this the pose transformation can
be solved. This approach requires that the image sensor (camera) is calibrated and
the mapping from 3D points in the scene and the 2D points in the image are known.
However, these methods are not adapted for use in medical systems.

Thus, there is still a need of improved methods and systems for determining
and compensating for deviations between a coordinate system of an imaging system,
such as a CBCT system, and the stereotactic fixation unit coordinate system. There
is also a need for methods and systems for determining and compensating for
deviations between a coordinate system of an imaging system, such as a CBCT
system, and the stereotactic fixation unit coordinate system with an improved

accuracy and, thus, an improved and more accurate calibration.

Summary of the invention

An object of the present invention is to provide systems and methods for
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compensating for deviations between a coordinate system of an imaging system,
such as a CBCT system, and a stereotactic fixation unit coordinate system.

An object is also to provide methods and systems for determining and
compensating for deviations between a coordinate system of an imaging system,
such as a CBCT system, and the stereotactic fixation unit coordinate system with an
improved accuracy and, thus, an improved and more accurate calibration.

These and other objects are achieved by providing a calibration method
having the features defined in the independent claim. Preferred embodiments are
defined in the dependent claims.

In the context of the present application, the term “pose” defines the
combination of position and orientation of an object.

According to an aspect of the present invention, there is provided a method for
calibrating an imaging system for capturing images of a patient in relation to a
radiation therapy system. The radiation therapy system comprises a radiation therapy
unit having a fixed radiation focus and a positioning system for positioning a patient
in relation to the fixed focus in the radiation therapy unit. According this aspect of the
present invention, the method includes irradiating a calibration tool comprising at
least one reference object with ionizing radiation during an image scanning
procedure using a radiation unit of the imaging system. The calibration tool, or a
reference point of the calibration tool, and the at least one reference object have
known positions or coordinates in the stereotactic coordinate system. Further, at least
one two-dimensional image including cross-sectional representations of reference
objects of the calibration tool is captured during the image scanning procedure using
a detector of the imaging system. Image coordinates of the representation of each
reference object in the captured image are determined and a position of the origin of
the calibration tool relative to the imaging unit is determined. Based on the reference
objects image coordinates, positions of the reference objects in the stereotactic
coordinate system relative to an origin of the calibration tool and the position of the
origin of the calibration tool relative to the imaging unit, a transformation between the
position of the calibration tool in the stereotactic coordinate system and a position of
the calibration tool in an imaging system coordinate system is calculated. In other
words, based on the reference objects image coordinates, pose of respective
reference object in the stereotactic coordinate system relative to an origin of the
calibration tool and the position of the origin of the calibration tool relative to the
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imaging unit, a transformation between the pose of the calibration tool in the
stereotactic coordinate system and a pose of the calibration tool in an imaging
system coordinate system is calculated

According to another aspect of the present invention, there is provided a
system for calibrating an imaging system for capturing images of a patient in relation
to a radiation therapy system comprising a radiation therapy unit having a fixed
radiation focus and a positioning system for positioning a patient in relation to the
fixed focus in the radiation therapy unit. The imaging system is configured to irradiate
a calibration tool comprising at least one reference object with ionizing radiation
during an image scanning procedure using a radiation unit, The calibration tool, or a
reference point of the calibration tool, and the at least one reference object have
known positions or coordinates in the stereotactic coordinate system. The imaging
system is further configured to capture at least one two-dimensional image including
cross-sectional representations of reference objects of the calibration tool using a
detector during the image scanning procedure. A processing unit is configured to
determine image coordinates of the representation of each reference object in the
captured images and obtain a position of the origin of the calibration tool relative to
the imaging unit. Further, the processing unit is configured to calculate a
transformation between the position of the calibration tool in the stereotactic
coordinate system and a position of the calibration tool in an imaging system
coordinate system based on the reference objects image coordinates, positions of
the reference objects in the stereotactic coordinate system relative to an origin of the
calibration tool and the position of the origin of the calibration tool relative to the
imaging unit. In other words, based on the reference objects image coordinates, pose
of respective reference object in the stereotactic coordinate system relative to an
origin of the calibration tool and the position of the origin of the calibration tool
relative to the imaging unit, a transformation between the pose of the calibration tool
in the stereotactic coordinate system and a pose of the calibration tool in an imaging
system coordinate system is calculated.

The transformation includes a translational and rotational position difference
between the position of the calibration tool in the stereotactic coordinate system and
a position of the calibration tool in an imaging system coordinate system.

The present invention can be used in radiation therapy systems such as in a

LINAC system or a Leksell Gamma Knife® system.
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The present invention is based on the insight that there are angular variations
or deviations between a coordinate system of an imaging system, such as a CBCT
system, and the stereotactic coordinate system that defines the treatment positions
due to, for example, manufacturing tolerances. The CBCT system is used to capture
images of the patient and the treatment volume and the reconstructed image of the
treatment volume must therefore relate to the focus of the therapy unit and the
patient positioning system. The CBCT coordinates are physically offset from the
focus and it is not possible to mechanically know from tolerances what position the
CBCT system has in relation to the focus. Thus, these variations or deviations cause
positioning errors when the patient is translated into the radiation therapy unit for a
treatment. Even a very small sinusoidal error may result in large deviations if the
patient is translated a large distance and may hence cause large positioning errors.
These insights have led to the invention and the idea of determining and
compensating for the deviations between a coordinate system of the imaging system,
such as a CBCT system, and the stereotactic coordinate system that defined the
treatment positions. Using the determined deviation, the position and rotation of the
reconstructed object can be determined in relation to the stereotactic coordinate
system.

In order to determine the deviation, a calibration tool that easily can be aligned
and positioned exactly in the stereotactic coordinate system and thereby securely be
kept still during image acquisition is used. For example, the calibration tool can be
mounted or attached to a stereotactic fixation unit of the patient positioning system.
The stereotactic fixation unit for immobilizing a treatment volume is in fixed
engagement with the patient positioning system and cannot be translated or rotated
in relation to the positioning system.

The position of the calibration tool in a coordinate system related to the
imaging system is determined using at least one two-dimensional image captured by
means of the detector of the imaging system. In preferred embodiments of the
present invention, a calibration tool having at least three ball bars attachable to the
fixation unit is used. Each ball bar has a known position (coordinates) in the
stereotactic coordinate system and relative to an origin of the calibration tool. Due to
the size, shape and material of the reference objects of the calibration tool, their
projections will occupy regions in the images having a high contrast against the
background and with no overlap, either horizontally or vertically. Thus, the projections
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of the respective reference objects can be identified and their image coordinates can
be determined. Since the coordinates of the reference objects in the stereotactic
coordinate system are known and the position of the detector in the imaging system,
the image coordinates of the reference objects can be determined.

By determining the vectors from a point of the X-ray source of the imaging
system to respective reference object of the reference tool for each image, the
position or coordinates of the calibration tool can be determined with respect to the
imaging system coordinate system. Thereafter, a transformation between the
determined position of the calibration tool in the imaging system coordinate system
and the known position of the calibration tool in the stereotactic fixation unit
coordinate system can be calculated.

The present invention provides a very accurate calibration in comparison to
prior art technologies.

According to embodiments of the present invention, the position of the origin of
the calibration tool relative to the imaging unit is calculated. In alternative
embodiments, the position of the origin of the calibration tool relative to the imaging
unit is predetermined and known.

According to embodiments of the present invention, positions of the reference
objects relative to the imaging unit is determined based on the reference objects
image coordinates and a position of the detector relative to the imaging unit and the
transformation is calculated based on positions of the reference objects relative to the
imaging unit, the positions of the reference objects in the imaging coordinate system
and positions of the calibration tool relative to the imaging unit.

According to embodiments of the present invention, the calculation of the
transformation is further based on a distance between the imaging unit and the
detector and a detector rotation. That is, a position difference of the detector or a
transformation between the position of the detector in the stereotactic coordinate
system and a position of the detector in the imaging system coordinate system.

According to embodiments of the present invention, the vectors between the
reference objects positions and the position of the imaging unit are determined based
on the respective reference objects image coordinates and an assumption that the
vectors between the reference objects positions and the position of the imaging unit
are parallel, for respective reference objects, with vectors between positions of the
reference objects image coordinates and the imaging unit. The relation between the
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vectors between the reference objects positions and the position of the imaging unit
and the vectors between positions the reference objects image coordinates and the
imaging unit is then used in calculating the transformation.

According to embodiments of the present invention, the relation between the
vectors for the reference objects image coordinates relative to the imaging unit and
the vectors of the reference objects positions relative to the imaging unit is defined as
a scalar and a value of the scalar is determined based on the positions of the
reference objects relative to the imaging unit, the positions of the reference objects in
the imaging coordinate system and positions of the calibration tool relative to the
imaging unit.

According to embodiments of the present invention, the positions of the
reference objects relative to the origin of the calibration tool in the imaging system
coordinate system is calculated based on the positions of the reference objects
relative to the origin of the calibration tool in the stereotactic coordinate system and
the transformation is calculated based on the reference objects image coordinates,
the coordinates of the reference objects in the imaging coordinate system and
coordinates of the calibration tool relative to the imaging unit.

According to embodiments of the present invention, each relation between a
position of a reference object in the stereotactic coordinate system and a position of
that reference object in the imaging coordinate system is calculated as a vector
defining a translational and rotational position difference using a vector rotation
method.

According to embodiments of the present invention, the calibration tool
comprises: attachment means for enabling releasable attachment to the fixation
arrangement of the patient positioning system; and reference objects having a shape
enabling a position determination in six dimensions. In embodiments of the present
invention, the calibration tool comprises at least three reference objects each
including a rod attached to a base plate comprising the attachment means and a
steel ball attached to respective rod.

According to embodiments of the present invention, a calibration of the
imaging system is performed including determining a rotational axis of the imaging
system. This calibration step may be performed before a session to determine the
deviation between the imaging system coordinate system and the stereotactic
coordinate system is performed.
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As readily understood by the person skilled in the art, various known methods
for determining the radiation focus could be used, of which some have been de-
scribed above. However, the present invention is not restricted to the particular
examples shown and described herein, but any suitable measurement method for
determining the radiation focus is contemplated within the scope of the present

invention.

Brief description of the drawings

Preferred embodiments of the invention will now be described in greater detail
with reference to the accompanying drawings, in which

Fig. 1 schematically illustrates the general principle of a radiation therapy
system suitable for calibration using the present invention;

Fig. 2 schematically illustrates an embodiment of the system according to
present invention implemented in the radiation therapy system of Fig. 1;

Fig. 3 schematically illustrates an embodiment of the calibration tool according
to the present invention;

Fig. 4 schematically illustrates the geometry seen from the front of the
radiation unit of Fig. 1 in a counter-direction to the direction of the z-axis of the
stereotactic coordinate system;

Fig. 5 schematically illustrates an enlarged view of the geometry seen from the
front of the radiation unit of Fig. 1 in a counter-direction to the direction of the z-axis;

Fig. 6 illustrates detector rotation compared to the stereotactic coordinate
system;

Fig. 7 is a flow chart illustrating the overall steps of the method according to
the present invention;

Fig. 8 is a flow chart illustrating the steps of the method according to an
embodiment of the present invention; and

Fig. 9 is a flow chart illustrating the steps of the method according to an

embodiment of the present invention.

Description of preferred embodiments

With reference to Fig. 1, a radiation therapy system 1 for which the present
invention is applicable comprises a radiation unit 10 and a patient positioning unit 20.
In the radiation unit 10, there are provided radioactive sources, radioactive source
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holders, a collimator body, and external shielding elements. The collimator body
comprises a large number of collimator channels directed towards a common focus,
in @ manner as is commonly known in the art.

The collimator body also acts as a radiation shield preventing radiation from
reaching the patient other than through the collimator channels. Examples of
collimator arrangements in radiation therapy systems applicable to the present
invention can be found in WO 2004/06269 A1, which is hereby incorporated by
reference.

The patient positioning unit 20 comprises a rigid framework 22, a slidable or
movable carriage 24, and motors (not shown) for moving the carriage 24 in relation to
the framework 22. The carriage 24 is further provided with a patient bed (not shown)
for carrying and moving the entire patient. At one end of the carriage 24, there is
provided a fixation arrangement 28 for receiving and fixing a stereotactic fixation unit
(not show), either directly or via an adapter unit (not shown), and thereby preventing
the stereotactic fixation unit from translational or rotational movement in relation to
the movable carriage 24. The patient can be translated using the patient positioning
unit 20 in the coordinate system of the radiation therapy system 1 or the patient
positioning unit 20, along at least in the three orthogonal axes x, y, and z shown in
Fig. 1. The patient can, in some embodiments, also be translated along, for example,
a rotational axis.

An imaging system 50 for capturing images of a patient, for example, in
connection with treatment planning or treatment is arranged or located at the
radiation unit 10, for example, a cone beam computed tomography (CBCT) system.

The imaging system 50 includes an X-ray source 51 and a detector 52. The X-
ray source 51 and detector 52 are arranged to rotate around a rotation axis ¢ (see
Fig. 1) of a coordinate system (a, b, ¢) of the imaging system 50 to capture images of
a patient located on the patient bed 26 at different angles. Ideally, the X-ray source
51 and the detector 52 rotate around the z-axis of the patient positioning unit 20,
which is aligned with the rotation axis ¢ of the imaging system 50. However, in
practice, there are, for example, alignments errors due manufacturing tolerances
leading to a misalignment between the coordinate system of the patient positioning
unit 20 and the imaging system 50 and accordingly the c-axis is not aligned with the

Z-axis.
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In computed tomography, a three-dimensional image is generated by rotating
the imaging system around the object in very small steps (e.g. <1°) around a single
axis of rotation while taking a series of two-dimensional X-ray images. In other
applications, the object is rotated around the imaging in small steps. Normally, the
imaging device or the object is rotated, for example, 180° or 360° around the object
or imaging device, respectively. Afterwards, a final three-dimensional image can be
numerically reconstructed based on the two- dimensional images and can be
displayed either as a series of sectional images or a three-dimensional image.

As can be understood from Fig. 1, the described embodiment concerns a
radiation therapy system for providing gamma radiation therapy to a target volume in
the head of human patient. Such therapy is often referred to as stereotactic surgery.
During therapy, the patient head is fixed in a stereotactic fixation unit, for example,
using a bite-block and a fixation unit in the form of a stereotactic head frame, which
comprises engagement points adapted for engagement with the fixation arrangement
28 of the radiation therapy system. Thus, during the stereotactic surgery, the head of
the patient is fixed in the stereotactic frame, which in turn is fixedly attached to the
patient positioning system via the fixation arrangement 28. During movement of the
treatment volume in the head of the patient in relation to the radiation focus, e.g.
along the three axes x, y, and z shown in Fig. 1, the entire patient is moved. Thus,
there is no relative to movement between the head frame and the carriage 24 of the
patient positioning system 20.

Turning now to Fig. 2, an embodiment of the system according to the present
invention will be discussed. In Fig. 2, the system 100 according to the present
invention is schematically shown together with a schematically illustrated radiation
unit 10 and an imaging system 50. The system 1 according to the present invention
comprises on the general level a calibration tool 110 arranged to be releasably and
firmly attached to the fixation arrangement 28 of the radiation therapy system and
processing unit 120, for example, a personal computer (PC). In Fig. 3, a more
detailed view of an embodiment of the calibration tool 110 is shown.

The calibration tool 110 is arranged to be easily aligned and positioned exactly
in the stereotactic fixation unit coordinate system. By attaching the calibration tool
110 firmly by means of attachment means 118 without any possibility to movement of
the calibration tool 110 relative to the patient positioning unit 20, it can be secured

that the calibration tool is located at a defined and predetermined position, Xcal tool,
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Yeal.tool, @Nd Zeal 1001, IN the stereotactic fixation unit coordinate system and that it is kept
still during image acquisition.

Preferably, the calibration tool 110 comprises at least one reference object or
mark 112 having predetermined or known positions, respectively, in the stereotactic
fixation unit coordinate system when the tool 110 is attached to the fixation
arrangement 28. That is, positions of the reference objects or marks 112 relative to
the predetermined position of the calibration tool 110 are known and thus have
predetermined coordinates in the stereotactic fixation unit coordinate system. The
reference objects 112 are made of a material and are arranged and shaped such that
they can be identified in the two-dimensional images captured by the detector 52 of
the imaging system 50.

In the embodiment of the calibration tool 110 shown in Fig. 2 and 3, the
calibration tool 110 comprises four reference objects 112 each including a rod 116
provided with a steel ball 115 attached on a plate 119. Each reference object 112 has
a predetermined position in the stereotactic fixation unit coordinate system when the
calibration tool 110 is attached to the fixation arrangement 28.

In order to allow an identification of the reference objects in the two-
dimensional images captured by the detector 52, the reference objects 112 are made
of a material that attenuates the X-ray radiation emanating from the imagining unit or
X-ray source 51 such as steel. The X-rays are attenuated by the reference objects
112 which entails that a representation of each reference object is captured by the
detector and that a representation, as a shadow, can be seen in each image. The
procedure for identifying each reference object representation will be described
below.

A processing unit 120 is connectable to the imaging system 50 such two-way
communications is allowed, for example, wirelessly using, for example, Bluetooth or
WLAN. Thereby, the processing unit 120 may, for example, obtain image information
from the imaging system 50 and send instructions to imaging system 50 to initiate an
image scanning procedure.

On a general level, the processing unit 120 is configured to calculate a
transformation or a translational and rotational position difference between the
position of the calibration tool 110 in the stereotactic coordinate system and a
position of the calibration tool 110 in the imaging system coordinate system. The
coordinate system of the stereotactic fixation unit (as defined by the axes x, y, and z)
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in which the calibration tool 110 is positioned is not aligned with the coordinate
system of the imaging system (defined by the axes a, b, and ¢) due to, for example,
manufacturing tolerances.

Thus, the processing unit 120 determines the position, acal.tool, Deal.tool, aNd
Ceal.tool, OF the calibration tool 110 in the coordinate system of the imaging system 50
or rather the positions of the reference objects, i.e. a set of coordinates is obtained
where each reference object is associated with three coordinates. Preferably, the
coordinates of each reference object 114 are determined resulting in an array of
position coordinates.

Furthermore, the processing unit 120 is configured to calculate a
transformation between the determined position of the calibration tool in the
coordinate system related to the imaging system, acai.tool, Dcal.tool, @NA Ceal.tool, aNd a
position of the calibration tool in the stereotactic fixation unit coordinate system,
Xcal.tool, Yaal.tool, @Nd Zcar 1001, 0 determine a relationship between the coordinate system
related to the imaging system and the position of the calibration tool in the
stereotactic fixation unit coordinate system. Preferably, the transformation between
the known positions of the reference marks in the stereotactic fixation unit coordinate
system and the determined positions of the calibration tool in the coordinate system
related to the imaging system are determined.

The calculation is based on the reference objects image coordinates dyy,
positions rq, Of the reference objects 112 in the stereotactic coordinate system
relative to an origin, o, of the calibration tool 110 and a position rs, oOf the origin, o, of
the calibration tool 110 relative to the imaging unit 51.

In embodiments of the present invention, the calculation of the transformation
is based positions rsq Of the reference objects relative to the imaging unit 51, the
positions ryp, Of the reference objects in the imaging coordinate system and positions
r'so Of the calibration tool relative to the imaging unit 51.

In embodiments of the present invention, the calculation of the transformation
is further based on a distance SDD (see Fig. 4) between the imaging unit 51 and the
detector 52 and a detector rotation between a position of the detector in the
stereotactic coordinate system and a position of the detector in the imaging unit
coordinate system. With reference to Fig. 6, the vector rotation is defined in three
parameters, where q and w are out-of-plane rotation angles and n is the in-plane
rotation angle. The detector plane is aligned such that the v axis is parallel to the z
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axis and the u axis is parallel to the y axis. The rotation angle of the detector plane
along the axis of u=ug is g, the rotation angle of the detector plane along the axis of
V=Vq is w, and the rotation angle of the detector plane along the point of (up, Vo) is n.
The axis x, y, z relate to the stereotactic coordinate system (see Fig. 1) andu and v
relate to the detector plane.

In embodiments of the present invention, vectors rg, between the reference
objects positions and the position of the imaging unit 51 is determined based on the
respective reference objects image coordinates d,y and an assumption that the
vectors rg, between the reference objects positions and the position of the imaging
unit 51 are parallel, for respective reference objects 112, with vectors rgq between
positions the reference objects image coordinates d,, and the imaging unit 51 and
using the relation between the vectors rsq between the reference objects positions
and the position of the imaging unit 51 and the vectors rg, between positions the
reference objects image coordinates d,, and the imaging unit 51 in calculating the
transformation.

According to embodiments of the present invention, positions ryy of the
reference objects 112 relative to the origin o of the calibration tool 110 in the imaging
system coordinate system is calculated based on the positions ro, Of the reference
objects relative to the origin o of the calibration tool 110 in the stereotactic coordinate
system and the transformation is calculated based on the reference objects image
coordinates d,y, the coordinates ro of the reference objects in the imaging
coordinate system and coordinates rs, of the calibration tool relative to the imaging
unit 51.

With reference now to Fig. 4 - 9, the method according to the present
invention for calibrating an imaging system 50 for capturing images of a patient in
connection with treatment planning or treatment in a radiation therapy system will be
described. The method may, for example, be performed in a system as described in
Fig. 2. Figs. 4 - 6 schematically show geometries during the imaging procedure and
Figs. 7 — 9 show flow charts of embodiments of the method according to the present
invention.

With reference to Fig 4 and 5, the geometry is schematically illustrated seen
from front of the radiation unit 10, in this embodiment a Gamma knife, i.e. in a
counter-direction to the direction of the z-axis of the stereotactic coordinate system
shown in Fig. 1. The X-ray source 51, at position s (i.e. at coordinates as, bs, Cs Of the
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imaging system coordinate system), emits radiation which is attenuated by a
reference object 112, at position b (i.e. at coordinates xy, yb, 2, in the stereotactic
coordinate system). A clearly distinguishable shadow can then be detected on the
detector 52 at position d (dx, dy). Based on the images, the position of the
representation of each reference object, d, in space, i.e. Xq, Y4, Zq in the stereotactic
coordinate system. The calibration tool 110 is located at point o, i.e. a reference point
of the calibration tool 110 is located at point x,, Yo, Z, in the stereotactic coordinate
system. The position of the calibration tool 110 in the imaging system 50 is 0’, i.e. ac,
Py, Co'.

The vector rg, is the vector from point s to point b, i.e. the vector from the X-ray
source 51 to respective reference object 112. The vector ry, is the vector from point o
to point b, i.e. the vector from the center point of the calibration tool 110 to respective
reference object 112. This vector rop, is known. The vector ry, is the vector from point
s to point o, i.e. the vector from the X-ray source 51 to the calibration tool 110. The
vector ryp. SDD is the “Source to Detector Distance”, i.e. the distance between the X-
ray source 51 to the detector 52.

The gantry angle, B, defines the angle between a current position, s, of the X-
ray source 51 and the y-axis. The angle a defines the rotation for which correction is
required, thus, the position, o’, of the calibration tool 110 in the coordinate system of
the imaging system 50 and compared to the position, o, of the calibration tool 110 in
the stereotactic coordinate system. Fig. 5 is a more detailed view of the geometry
shown in Fig. 4.

With reference to Fig. 4, the vector rg, can be expressed as:

F'sb = 'so + o = I'so * Foo’ + o (1)

where the notation rg,, as mentioned above, denotes the vector from point s (the X-
ray source 51) to point b (the respective reference object 112). It is assumed that the
position of the reference objects 112 relative to the center point, o, of the calibration
tool 110 is known. The relation between the coordinates in the stereotactic
coordinate system and the coordinates in the rotated coordinate system, i.e. the
coordinate system of the imaging system, can be determined by using an algorithm
for vector rotation in space, for example, Rodrigues rotation formula, given an axis "k

and an angle of rotation a:
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R(r, *k, a) =rcos a+ (*k xr)sina + "k(*k-r)(1-cos a) (2)

Since the rotation axis is a unit vector it can be expressed with two parameters, 8 and

¢, as

"k(8, ¢) = (cosd sinB, sing sinB, cosO) (3)

The gantry rotation is taken into account. Assuming a static frame of reference as
defined in Fig. 4 this can be done by applying equation (2) with *k =*zand a = to
rso(B = 0) and rsq(B = 0):

rso=R(rso(B = 0),"z,B) = (YsSiNB-XsCOSP, -YsCOSP- XsSinB, -zs)  (4)

rsa=R(rsa(B = 0), ),"z,B) = (X4C0OsB-Yasin, yacosP+ xqsinp, zq) (5)

The vector rsq = (X4, Y4, Zg) Can be calculated from the images for example by center
of mass calculation. Each representation of a reference object 112 will occupy a
region on the detector surface (i.e. in the image) larger than a pixel. According to
embodiments of the present invention, one point or pixel, in on the detector surface is
selected for each reference object that accurately represents its projection. Based on
the selected points dx and d, on the detector surface, the vector rsq (X4, Y4, Z4) can be
determined. The reference objects 112 have a high contrast against the background
and thresholding is therefore an efficient method for identifying or determining the
projections. The calibration tool 110 and the reference objects 112 are preferably
designed such that no overlaps, either horizontally or vertically, between different
projections arise in the images. According to preferred embodiments, a region of
interest is determined for each projection and the point that is determined to
accurately represent the projection is selected from that region of interest, for
example, using a center of mass calculation.

Since the vector rg, is parallel with rsq the following applies:

lsb = A'lsd (6)
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where A is a scalar. The value of this scalar can be extressed by applying the cosine
formula to the triangle shown in Fig. 5 which yields:

”rsb”2 = ”rsb”2 + ”rsb”2 - zllrsb””rsbllcosy (7)

Combining equation (7) with equation (6) and expressing the lengths as scalar
products yields the following:

1
A= M\/rso “Tso + Top *Top T 2¥50 * Top (8)

1 = IrsotTonll 9)

lrsall
Based on equations (8) and (9), equation (1) can be expressed as:

Tsd __  TsotToor*+Torp (10)
lIrsqll Irso+To0r+Tormll

The degrees of freedom are the translation roe = (Xo, Yo, Zo) and the rotation,
determined by 8, ¢, a, of the calibration tool and the source-to-axis distance (SAD).
Equation (10) is solved for each reference object in each image. In preferred
embodiments, three reference objects are used and 300 images are captured during
an imaging session. Further, equation (10) may, according to preferred
embodiments, be solved numerically, in a least-squares sense.

Below, an example of a numerical solution of equation (10) employing the
Gauss-Newton algorithm will be illustrated. To simply notation, the following are
introduced:

X = (Rsap, Xo, Yo, Zo, 8, ¢, a) (11)

yi = rsd(ﬁ)i (1 2)

ll7sall
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rso(RSAD, B) = RSAD'(-SinB,-COSB,O) (1 3)

V(X) = rso(Rsap, B) * roo(Xo, Yo, Zo)* ron(6, ¢, @)  (14)

u(x) =v-v (15)
Fi= m (16)

where an appropriate indexing over both the vector components and the reference
objects is understood. Rsap is the distance from the source, i.e. the X-ray source 51,
to the axis through origo of the calibration tool 110, i.e. the position of the calibration

tool 110. Next, the residuals v; are considered when solving equation (10):
Vi = ¥i — Fi(x) (17)
for which the Gauss-Newton algorithm strives to minimize the sum of squares.

Starting with an initial guess x°, the algorithm iteratively updates the solution
according to:

X" =x"+ A (18)
where A is a small step determined by solving the normal equations:

WJTHA=JTv (19)
and J in turn is the Jacobian of F with respect to x, i.e.:

Jilx") = 5 (20)

6xj x=x™

The normal equations may be solved in one step using Cholesky decomposition or
QR factorization of J. For large systems, an iterative method, such as the conjugate
gradient method, may be more efficient. Then, an analytical expression of J(x) can be

computed:
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VE\
/- (Wz):%_L.w 1)

Since v(x) = rso(Rsap, B) + reo’(Xo, Yo, Zo)+ ron(6, 9, ), the following applies:

v dTso

Fsan  Rsap (—=sinf,—cosB,0) (22)

2L = T = (1,0,0) (23)

;—;0 = % = (0,1,0) (24)

o= T = (0,1,0) (25)
Z—g = % = (% X ro,b)sina + (Z—f; (E “Torp + IQ(% . rofb) (1 —cosa) (26)
:—z; = a;;,b = (% X ro,b) sina + (% (-1, + E(% - rofb) (1 — cosa) (27)
2= 2o = (kX 1y )cosa + (R(k - 1orp) = Torp)singt (28)
where

% = (cosdcosh, sindcosh, —sind) (29)

% = (—sindsinb, cosdsind, 0) (30)

Finally, the following applies:

Vu=2(-V)v (31)
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which in component form translates to

DAL (32)

an 6xj

Accordingly, the equation (21) can be written as:

J=E-Z@- vy (33)

uz

With reference now to Fig. 7, the general steps of an embodiment of the
method according to the present invention for calibrating an imaging system 50 for
capturing images of a patient in connection with treatment planning or treatment in a
radiation therapy system will be described. The method may, for example, be
performed in a system as described in Fig. 2.

A first step may be to perform a calibration of image quality parameters of the
imaging system 50 including determining a rotational axis of the imaging system 50.
Alternatively, if a calibration has been performed earlier, the imaging system 50 may
not need a calibration and calibration data can be stored in a calibration file.

At step 210, an image scanning procedure is initiated and the releasably
attached calibration tool 110 is irradiated using the radiation unit 510of the imaging
system 50.

At step 220, at least one two-dimensional image including cross-sectional
representations of the reference objects 112 of the calibration tool 110 is captured
using the detector 52 of the imaging system 50 during the image scanning
procedure.

At step 230, the image coordinates dy, of the representation or projection of
each reference object 112 is identified or determined in the captured images. As has
been described above, a point for each object 112 is determined that represents its
projection is determined. Due to the size of the objects 112, their projections will
occupy regions in the images larger than a pixel and therefore it will be efficient to
identify point that represents the central point. For example, thresholding can be
used to separate the projections from the background. The reference objects 112 are
arranged on the calibration tool 110 such that no projections overlap either
horizontally or vertically. A summing in the non-overlapping direction and an
identifying of contiguous nonzero regions are performed. This procedure is repeated
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in both directions for each of the segmented strips. The sought point can be found in
the resulting region of interest. A center of mass calculation can for example be used
for this purpose.

At step 240, a position of the origin o of the calibration tool 110 in
relation to the imaging unit 51 or the vector rs, between the imaging unit 51 and the
origin o of the calibration tool is obtained. In embodiments of the present invention,
the vector rg, between the imaging unit 51 and the origin o of the calibration tool is
calculated and in other embodiments of the present invention, the vector rs, between
the imaging unit 51 and the origin o of the calibration tool is predetermined.

At step 250, a transformation including a translational and rotational
position difference between the position of the calibration tool 110 in the stereotactic
coordinate system and a position of the calibration tool 110 in an imaging system
coordinate system is calculated using, for example, the equations (1) — (33)
described above. Generally, the calculation is based on the reference objects image
coordinates d,y, positions ry, of the reference objects 112 in the stereotactic
coordinate system relative to an origin o of the calibration tool 110 and a position rs,
of the origin o of the calibration tool 110 relative to the imaging unit 51. If SAD is not
predetermined, SAD is calculated at the same time as the transformation is
calculated.

In a following step, the transformation that has been calculated can be
used for calibrating the imaging system 50 in relation to the radiation therapy system
1.

Turning now to Fig. 8, steps of another embodiment of the method according
to the present invention for calibrating an imaging system 50 for capturing images of
a patient in connection with treatment planning or treatment in a radiation therapy
system will be described. The method may, for example, be performed in a system
as described in Fig. 2. A first step may be to perform a calibration of image quality
parameters of the imaging system 50 including determining a rotational axis of the
imaging system 50. Alternatively, if a calibration has been performed earlier, the
imaging system 50 may not need a calibration and calibration data can be stored in a
calibration file.

At step 310, an image scanning procedure is initiated and the releasably
attached calibration tool 110 is irradiated using the radiation unit 51 of the imaging

system 50.
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At step 320, at least one two-dimensional image including cross-sectional
representations of the reference objects 112 of the calibration tool 110 is captured
using the detector 52 of the imaging system 50 during the image scanning
procedure.

At step 330, the image coordinates d, of the representation or projection of
each reference object 112 is identified or determined in the captured images. As has
been described above, a point for each object 112 is determined that represents its
projection is determined. Due to the size of the objects 112, their projections will
occupy regions in the images larger than a pixel and therefore it will be efficient to
identify point that represents the central point. For example, thresholding can be
used to separate the projections from the background. The reference objects 112 are
arranged on the calibration tool 110 such that no projections overlap either
horizontally or vertically, see Fig. 4. A summing in the non-overlapping direction and
an identifying of contiguous nonzero regions are performed. This procedure is
repeated in both directions as shown in Fig. 4 for each of the segmented strips. The
sought point can be found in the resulting region of interest. A center of mass
calculation can for example be used for this purpose.

At step 340, positions rsq Of the reference objects 112 relative to the imaging
unit 51 is determined or calculated based on the reference objects image coordinates
dxy and a position rsq of the detector 52 relative to the imaging unit or X-ray source
51.

At step 350, a position of the origin o of the calibration tool 110 in relation to
the imaging unit 51 is obtained or the vector r, between the imaging unit 51 and the
origin o of the calibration tool. In embodiments of the present invention, the vector rg,
between the imaging unit 51 and the origin o of the calibration tool is calculated and,
in other embodiments of the present invention, the vector rs, between the imaging
unit 51 and the origin o of the calibration tool is predetermined.

At step 360, a transformation including a translational and rotational
position difference between the position of the calibration tool 110 in the stereotactic
coordinate system and a position of the calibration tool 110 in an imaging system
coordinate system is calculated using, for example, the equations (1) — (31)
described above. Generally, the calculation is based on the positions rsq of the

reference objects relative to the imaging unit 51, positions ryy, of the reference

objects in the imaging coordinate system and a position rs, of the origin o of
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the calibration tool 110 relative to the imaging unit 51. If SAD is not

predetermined, SAD is calculated at the same time as the transformation is

calculated.In a following step, the transformation that has been calculated can
be used
for calibrating the imaging system 50 in relation to the radiation therapy system 1.

Turning now to Fig. 9, steps of further embodiment of the method according to
the present invention for calibrating an imaging system 50 for capturing images of a
patient in connection with treatment planning or treatment in a radiation therapy
system will be described. The method may, for example, be performed in a system
as described in Fig. 2. A first step may be to perform a calibration of image quality
parameters of the imaging system 50 including determining a rotational axis of the
imaging system 50. Alternatively, if a calibration has been performed earlier, the
imaging system 50 may not need a calibration and calibration data can be stored in a
calibration file.

At step 410, an image scanning procedure is initiated and the releasably
attached calibration tool 110 is irradiated using the radiation unit 51 of the imaging
system 50.

At step 420, at least one two-dimensional image including cross-sectional
representations of the reference objects 112 of the calibration tool 110 is captured
using the detector 52 of the imaging system 50 during the image scanning
procedure.

At step 430, the image coordinates dy, of the representation or projection of
each reference object 112 is identified or determined in the captured images. As has
been described above, a point for each object 112 is determined that represents its
projection is determined. Due to the size of the objects 112, their projections will
occupy regions in the images larger than a pixel and therefore it will be efficient to
identify point that represents the central point. For example, thresholding can be
used to separate the projections from the background. The reference objects 112 are
arranged on the calibration tool 110 such that no projections overlap either
horizontally or vertically, see Fig. 4. A summing in the non-overlapping direction and
an identifying of contiguous nonzero regions are performed. This procedure is
repeated in both directions as shown in Fig. 4 for each of the segmented strips. The
sought point can be found in the resulting region of interest. A center of mass
calculation can for example be used for this purpose.
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At step 440, vectors rs, between the reference objects positions and the
position of the imaging unit 51 are determined based on the respective reference
objects image coordinates dy, and an assumption that the vectors ry, between the
reference objects positions and the position of the imaging unit 51 are parallel, for
respective reference objects 112, with vectors rsq between positions the reference
objects image coordinates dy, and the imaging unit 51.

At step 450, a position of the origin o of the calibration tool 110 in relation to
the imaging unit 51 is obtained or the vector rs, between the imaging unit 51 and the
origin o of the calibration tool. In embodiments of the present invention, the vector rg,
between the imaging unit 51 and the origin o of the calibration tool is calculated and,
in other embodiments of the present invention, the vector rs, between the imaging
unit 51 and the origin o of the calibration tool is predetermined.

At step 460, a transformation including a translational and rotational
position difference between the position of the calibration tool 110 in the stereotactic
coordinate system and a position of the calibration tool 110 in an imaging system
coordinate system is calculated using, for example, the equations (1) — (31)
described above using also the relation between the vectors rgy between the
reference objects positions and the position of the imaging unit 51 and the vectors rg,
between positions the reference objects image coordinates dy, and the imaging unit
51 in calculating the transformation. If SAD is not predetermined, SAD is calculated
at the same time as the transformation is calculated.

In a following step, the transformation that has been calculated can be used
for calibrating the imaging system 50 in relation to the radiation therapy system 1.

Even though the present invention has been described above using
exemplifying embodiments thereof, alterations, modifications, and combinations
thereof, as understood by those skilled in the art, may be made without departing
from the scope of the invention as defined in the accompanying claims.
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CLAIMS

A method for calibrating an imaging system (50) capturing images of a patient
in relation to a radiation therapy system (1), which radiation therapy system
comprises a radiation therapy unit (10) having a fixed radiation focus , a
positioning system (20) for positioning a patient in relation to the fixed focus in
the radiation therapy unit (10), the method comprising the steps of:

irradiating a calibration tool (110) comprising at least one reference
object with ionizing radiation during an image scanning procedure using a
radiation unit (51) of the imaging system (50), wherein the calibration tool
(110) and the at least one reference object (112) have known positions in the
stereotactic coordinate system;

capturing at least one two-dimensional image including cross-sectional
representations of reference objects (112) of the calibration tool (110) using a
detector (52) of the imaging system (50) during the image scanning procedure;

determining image coordinates (d,y) of the representation of each
reference object (112) in the captured images;

obtaining a position (rs,) of the origin (0) of the calibration tool (110)
relative to the imaging unit (51); and

calculating a transformation between the position of the calibration tool
(110) in the stereotactic coordinate system and a position of the calibration
tool (110) in an imaging system coordinate system,

wherein the calculation is based on the reference objects image
coordinates (dyy), positions (ros) of the reference objects (112) in the
stereotactic coordinate system relative to an origin (o) of the calibration tool
(110) and the position (rs,) of the origin (0) of the calibration tool (110) relative
to the imaging unit (51).

The method according to claim 1, wherein obtaining a position (rso) of the
origin (o) of the calibration tool (110) relative to the imaging unit (51) includes
calculating the position (rso) of the origin (0) of the calibration tool (110) relative
to the imaging unit (51).

3. The method according to claim 1 or 2, further comprising:
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determining positions (rsq) of the reference objects (112) relative to the
imaging unit (51) based on the reference objects image coordinates (dy,) and
a position (rsq) of the detector (52) relative to the imaging unit (51); and
calculating the transformation based on positions (rsq) of the
reference objects relative to the imaging unit (51), the positions (rop) of the
reference objects in the imaging coordinate system and positions (rs,) of the
calibration tool relative to the imaging unit (51).

4. The method according to any one of the claims 1 — 3, wherein the calculation
of the transformation is further based on a distance (SDD) between the
imaging unit (51) and the detector (52) and a detector rotation between a
position of the detector in the stereotactic coordinate system and a position of
the detector in the imaging unit coordinate system.

5. The method according to any one of the claims 1 — 4, further comprising:

determining vectors (rsp) between the reference objects positions and the
position of the imaging unit (51) based on the respective reference objects
image coordinates (dx,) and an assumption that the vectors (rs,) between the
reference objects positions and the position of the imaging unit (51) are
parallel, for respective reference objects (112), with vectors (rsq) between
positions the reference objects image coordinates (dx,) and the imaging unit
(51); and

using the relation between the vectors (rsq) between the reference
objects positions and the position of the imaging unit (51) and the vectors (rsp)
between positions the reference objects image coordinates (dyy) and the
imaging unit (51) in calculating the transformation.

6. The method according to claim 5, further comprising:
defining the relation between the vectors (rsq) for the reference objects
image coordinates (dyy) relative to the imaging unit (51) and the vectors (rsp) of
the reference objects positions relative to the imaging unit (51) as a scalar;
and

determining a value of the scalar based on the positions (rsq) of the
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reference objects relative to the imaging unit (51), the positions (ro1) of the
reference objects in the imaging coordinate system and positions (rso) of the
calibration tool relative to the imaging unit (51).

7. The method according to claim 1 — 6, further comprising:

calculating positions (ry) of the reference objects (112) relative to the
origin (o) of the calibration tool (110) in the imaging system coordinate system
based on the positions (ro,) Of the reference objects relative to the origin (o) of
the calibration tool (110) in the stereotactic coordinate system; and

calculating the transformation based on the reference objects
image coordinates (d,y), the coordinates (ro1’) of the reference objects in the
imaging coordinate system and coordinates (rso) of the calibration tool relative
to the imaging unit (51).

8. The method according to any one of claims 1 — 7, wherein each relation
between a position of a reference object in the stereotactic coordinate system
and a position of that reference object in the imaging coordinate system is
calculated as a vector defining a translational and rotational transformation

using a vector rotation method.

9. The method according to any one of the claims 1 — 8, wherein the positioning
system includes a fixation arrangement (28) for releasably and firmly engaging
a stereotactic fixation unit for immobilizing at least a part of the patient in

relation to the positioning system (20).

10.A system for calibrating an imaging system (50) for capturing images of a
patient in relation to a radiation therapy system (1), which radiation therapy
system comprises a radiation therapy unit (10) having a fixed radiation focus,
a positioning system (20) for positioning a patient in relation to the fixed focus
in the radiation therapy unit (10), wherein:

the imaging system (50) is configured to irradiate a calibration tool (110)
comprising at least one reference object with ionizing radiation during an

image scanning procedure using a radiation unit (51), wherein the calibration
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tool (110) and the at least one reference object (112) have known positions in
the stereotactic coordinate system;
the imaging system (50) is configured to capture at least one two-
dimensional image including cross-sectional representations of reference
objects (112) of the calibration tool (110) using a detector (52) during the
image scanning procedure;
a processing unit (120) is configured to:
determine image coordinates (dyy) of the representation of
each reference object (112) in the captured images;
obtain a position (rs,) of the origin (o) of the calibration tool
(110) relative to the imaging unit (51); and
calculate a transformation between the position of the
calibration tool (110) in the stereotactic coordinate system and a position
of the calibration tool (110) in an imaging system coordinate system,
wherein the calculation is based on the reference objects image
coordinates (dyy), positions (rop) of the reference objects (112) in the
stereotactic coordinate system relative to an origin (o) of the calibration
tool (110) and a position (rs,) of the origin (o) of the calibration tool (110)

relative to the imaging unit (51).

11.The system according to claim 10, wherein the processing unit (120) is further
configured to calculate the position (rs,) of the origin (o) of the calibration tool
(110) relative to the imaging unit (51).

12.The system according to claim 10 or 11, wherein the processing unit (120) is
further configured to:
determine positions (rsq) of the reference objects (112) relative to the
imaging unit (51) based on the reference objects image coordinates (d,y) and
a position (rsq) of the detector (52) relative to the imaging unit (51); and
calculate the transformation based on positions (rsq) of the
reference objects relative to the imaging unit (51), the positions (ro) of the
reference objects in the imaging coordinate system and positions (rs,) of the

calibration tool relative to the imaging unit (51).



WO 2015/158372 PCT/EP2014/057659
29

13.The system according to any one of the claims 10 — 12, wherein the
processing unit (120) is further configured to calculate the transformation
based on a distance (SDD) between the imaging unit (51) and the detector
(52) and a detector rotation between a position of the detector in the
stereotactic coordinate system and a position of the detector in the imaging

unit coordinate system.

14.The system according to any one of the claims 10 — 13, wherein the

processing unit (120) is further configured to:

determine vectors (rsp) between the reference objects positions and the
position of the imaging unit (51) based on the respective reference objects
image coordinates (dxy) and an assumption that the vectors (rsp) between the
reference objects positions and the position of the imaging unit (51) are
parallel, for respective reference objects (112), with vectors (rsq) between
positions the reference objects image coordinates (d,,) and the imaging unit
(51); and

use the relation between the vectors (rsq¢) between the reference
objects positions and the position of the imaging unit (51) and the vectors (rsp)
between positions the reference objects image coordinates (d,,) and the

imaging unit (51) in calculating the transformation.

15.The system according to claim 14, wherein the processing unit (120) is further

configured to:

define the relation between the vectors (rsq) for the reference objects
image coordinates (dxy) relative to the imaging unit (51) and the vectors (rsp) of
the reference objects positions relative to the imaging unit (51) as a scalar;
and

determine a value of the scalar based on the positions (rsq) of the
reference objects relative to the imaging unit (51), the positions (ro1) of the
reference objects in the imaging coordinate system and positions (rs.) of the
calibration tool relative to the imaging unit (51).

16.The system according to any one of the claims 10 — 15, wherein the
processing unit (120) is further configured to:
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calculate positions (rop’) of the reference objects (112) relative to the
origin (o) of the calibration tool (110) in the imaging system coordinate system
based on the positions (ro,) of the reference objects relative to the origin (0) of
the calibration tool (110) in the stereotactic coordinate system; and

calculate the transformation based on the reference objects
image coordinates (d,y), the coordinates (ro1’) of the reference objects in the
imaging coordinate system and coordinates (rs,) of the calibration tool relative

to the imaging unit (51).

17.The system according to any one of the claims 10 — 16, wherein each relation
between a position of a reference object in the stereotactic coordinate system
and a position of that reference object in the imaging coordinate system is
calculated as a vector defining a translational and rotational transformation

using a vector rotation method.

18.The system according to any one of the claims 10 — 17, wherein the
positioning system includes a fixation arrangement (28) for releasably and
firmly engage a stereotactic fixation unit for immobilizing at least a part the

patient in relation to the positioning system (20).
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