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(54) System and method for superimposing a representation of the tip of a catheter on an image

acquired by a moving imager

(57)  Method for displaying a representation of the tip
of a medical device located within a body region of inter-
est of the body of a patient, on an image of the body
region of interest, the image being acquired by an image
detector of a moving imager, the method including the
procedures of acquiring a medical positioning system
(MPS) sensor image of an MPS sensor, determining a
set of intrinsic and extrinsic parameters, determining two-
dimensional optical coordinates of the tip of the medical
device, superimposing the representation of the tip of the
medical device, on the image of the body region of inter-
est, and displaying the representation of the tip of the
medical device superimposed on the image of the body
region of interest, the MPS sensor image of the MPS
sensor being acquired by the image detector, at a phys-
ical zoom setting of the image detector respective of the
image, and at a selected image detector region of interest
setting of the image detector, the MPS sensor being as-
sociated with an MPS, the MPS sensor responding to an
electromagnetic field generated by an electromagnetic
field generator, firmly coupled with a moving portion of
the moving imager, the set of intrinsic and extrinsic pa-
rameters being determined according to sensor image
coordinates of the MPS sensor image, in a two-dimen-
sional optical coordinate system respective of the image
detector, and according to non-real-time MPS coordi-
nates of the MPS sensor, in an MPS coordinate system
respective of the MPS, the two-dimensional optical co-

ordinates of the tip of the medical device being deter-
mined according to the physical zoom setting, according
to the set of intrinsic and extrinsic parameters, according
to the selected image detector region of interest setting,
and according to real-time MPS coordinates of an MPS
sensor located at the tip of the medical device, the rep-
resentation of the tip of the medical device, being super-
imposed on the image of the body region of interest, ac-
cording to the two-dimensional optical coordinates.
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Description
FIELD OF THE DISCLOSED TECHNIQUE

[0001] Thedisclosed technique relates to medical navigation systems in general, and to methods for combining medical
imaging systems with medical navigation systems, in particular.

BACKGROUND OF THE DISCLOSED TECHNIQUE

[0002] Catheters are employed for performing medical operations on a lumen of the body of a patient, such as per-
cutaneous transluminal coronary angioplasty (PTCA), percutaneous transluminal angioplasty (PTA), vascularizing the
lumen, severing a portion of the lumen or a plaque there within (e.g., atherectomy), providing a suture to the lumen,
increasing the inner diameter of the lumen (e.g., by a balloon, a self expanding stent, a stent made of a shape memory
alloy (SMA), or a balloon expanding stent) and maintaining the increased diameter by implanting a stent. During these
medical operations, it is advantageous for the physical staff to view an image of the tip of the catheter or a representation
thereof, against a real-time image of a portion of the body of the patient. Such devices are known in the art.

[0003] Reference is now made to Figure 1, which is a schematic illustration of a system, generally referenced 50, for
determining the position of the tip of a catheter relative to images of the body of a patient detected by a moving imager,
as known in the art. System 50 includes a moving imager 52, a positioning sensor 54, a transmitter assembly 56 and a
magnetic positioning system 58. Moving imager 52 is a device which acquires an image (not shown) of a body region
of interest 60 of the body of a patient 62 lying on an operation table 64.

[0004] Moving imager 52 includes a moving assembly 66, a moving mechanism 68, an intensifier 70 and a emitter
72. Transmitter assembly 56 includes a plurality of magnetic field generators 74. In the example set forth in Figure 1,
moving imager 52 is an X-ray type imager (known in the art as C-arm imager). Hence, intensifier 70 and emitter 72 are
connected with moving assembly 66, such that intensifier 70 is located at one side of patient 62 and emitter 72 is located
at an opposite side of patient 62. Intensifier 70 and emitter 72 are located on a radiation axis (not shown), wherein the
radiation axis crosses the body region of interest 60.

[0005] Transmitter assembly 56 is fixed below operation table 64. positioning sensor 54 is located at a distal portion
(not shown) of a catheter 76. Catheter 76 is inserted to the body region of interest 60. positioning sensor 54 and magnetic
field generators 74 are connected with magnetic positioning system 58. Moving imager 52 is associated with an Xy agers
Yimacer Zimacer coordinate system (i.e., 3D optical coordinate system). Magnetic positioning system 58 is associated
with an Xyagneric YmacneTicr ZuacneTic coordinate system (i.e., magnetic coordinate system). The 3D optical coor-
dinate system and the magnetic coordinate system are different (i.e., the scales, origins and orientations thereof are
different). Moving mechanism 68 is connected to moving assembly 66, thereby enabling moving assembly 66 to rotate
about the Y; axis. Moving mechanism 68 rotates moving assembly 66 in directions designated by arrows 78 and 80,
thereby changing the orientation of the radiation axis on the X acer-Zimacer Plane and about the Yy 4 ger axis.
[0006] Moving mechanism 68 rotates moving assembly 66 in directions designated by arrows 94 and 96, thereby
changing the orientation of the radiation axis on the Z;y,scer-Ymacer Plane and about the X4 ger axis. Moving imager
52 can include another moving mechanism (not shown) to move moving imager 52 along the Y} ,4ger axis in directions
designated by arrows 86 and 88 (i.e., the cranio-caudal axis of patient 62). Moving imager 52 can include a further
moving mechanism (not shown) to move moving imager 52 along the X),1ger axis in directions designated by arrows
90 and 92 (i.e., perpendicular to the cranio-caudal axis of patient 62).

[0007] Emitter 72 emits radiation at a field of view 82 toward the body region of interest 60, to be detected by intensifier
70, thereby radiating a visual region of interest (not shown) of the body of patient 62. Intensifier 70 detects the radiation
which is emitted by emitter 72 and which passes through the body region of interest 60. Intensifier 70 produces a two-
dimensional image (not shown) of body region of interest 60, by projecting a three-dimensional image (not shown) of
body region of interest 60 in the 3D optical coordinate system, on a 2D optical coordinate system (not shown) respective
of intensifier 70. A display (not shown) displays this two-dimensional image in the 2D optical coordinate system.
[0008] Magnetic field generators 74 produce a magnetic field 84 in a magnetic region of interest (not shown) of the
body of patient 62. Magnetic positioning system 58 determines the position of the distal portion of catheter 76 in the
magnetic coordinate system, according to an output of positioning sensor 54. The display displays a representation of
the distal portion of catheter 76 against the two-dimensional image of the body region of interest 60, according to an
output of magnetic positioning system 58.

[0009] Since the 3D optical coordinate system and the magnetic coordinate system are different, the data produced
by intensifier 70 and by magnetic positioning system 58 are transformed to a common coordinate system (i.e., to the
magnetic coordinate system), according to a transformation matrix, before displaying the representation of the distal
portion of catheter 76 against the two-dimensional image of the body region of interest 60. Transmitter assembly 56 is
fixed to a predetermined location underneath operation table 64. As moving imager 52 moves relative to the body of
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patient 62, there are instances at which the magnetic region of interest does not coincide with the visual field of interest.
[0010] US Patent No. 6,203,493 B1 issued to Ben-Haim and entitled "Attachment With One or More Sensors for
Precise Position Determination of Endoscopes" is directed to a plurality of sensors for determining the position of any
point along a colonoscope. The colonoscope includes a flexible endoscopic sheath, an endoscopic insertion tube, and
a control unit. The endoscopic insertion tube passes through a lumen within the flexible endoscopic sheath. The flexible
endoscopic sheath includes a plurality of work channels.

[0011] The endoscopicinsertion tube is a non-disposable elongate tube which includes electrical conducting materials.
Each of the sensors measures at least three coordinates. The sensors are fixed to the endoscopic insertion tube and
connected to a position determining system. The flexible endoscopic sheath is an elongate disposable tube which
includes materials which do not interfere with the operation of the position determining system. In this manner, the
position determining system can determine the position of any point along the flexible endoscopic sheath and the
endoscopic insertion tube.

[0012] US PatentNo. 6,366,799 B1 issued to Acker et al., and entitled "Movable Transmit or Receive Coils for Location
System", is directed to a system for determining the disposition of a probe inserted into the body of a patient. The probe
includes one or more field transducers. The system includes a frame, a plurality of reference field transducers and a
drive circuitry. The reference field transducers are fixed to the frame, and the frame is fixed to an operating table beneath
a thorax of the patient which is lying on the operating table. The reference field transducers are driven by the drive
circuitry. The field transducers of the probe generate signals in response to magnetic fields generated by the reference
field transducers, which allows determining the disposition of the probe.

[0013] In another embodiment, the patent describes a movable transducer assembly which includes a flexible goose
neck arm, a plurality of reference transducers, a support, and an adjustable mounting mechanism. The reference trans-
ducers are fixed to the support. The flexible goose neck arm is fixed to the support and to the adjustable mounting
mechanism. The adjustable mounting mechanism is mounted to an operating table. The flexible goose neck allows a
surgeon to move the support and the reference transducers to a position close to the region of interest during the surgical
procedure and to reposition away from areas to which the surgeon must gain access to.

[0014] Methods for correcting distortions in an image acquired by a C-arm imager are known in the art. One such
method employs a grid located in front of the intensifier. The real shape of this grid is stored in a memory. The acquired
image includes an image of the grid. In case the acquired image is distorted, the shape of the grid on the acquired image
is also distorted. An image processor detects the distortion of the grid in the acquired image, and corrects for the distortion
according to the real shape of the grid stored in the memory.

SUMMARY OF THE DISCLOSED TECHNIQUE

[0015] Itis an object of the disclosed technique to provide a novel method and system for superimposing a represen-
tation of the tip of a catheter on an image of the body of a patient.

[0016] In accordance with the disclosed technique, there is thus provided a method for displaying a representation of
the tip of a medical device located within a body region of interest of the body of a patient, on an image of the body
region of interest, the image being acquired by animage detector of a movingimager. The method includes the procedures
of acquiring a medical positioning system (MPS) sensor image of an MPS sensor, determining a set of intrinsic and
extrinsic parameters, and determining two-dimensional optical coordinates of the tip of the medical device. The method
further includes the procedures of superimposing the representation of the tip of the medical device, on the image of
the body region of interest, and displaying the representation of the tip of the medical device superimposed on the image
of the body region of interest.

[0017] The MPS sensor image of the MPS sensor is acquired by the image detector, at a physical zoom setting of the
image detector respective of the image, and at a selected image detector region of interest setting of the image detector.
The MPS sensor is associated with an MPS. The MPS sensor responds to an electromagnetic field generated by an
electromagnetic field generator, firmly coupled with a moving portion of the moving imager.

[0018] The set of intrinsic and extrinsic parameters is determined according to sensor image coordinates of the MPS
sensor image, in a two-dimensional optical coordinate system respective of the image detector, and according to non-
real-time MPS coordinates of the MPS sensor, in an MPS coordinate system respective of the MPS. The two-dimensional
optical coordinates of the tip of the medical device, are determined according to the physical zoom setting, according
to the set of intrinsic and extrinsic parameters, according to the selected image detector region of interest setting, and
according to real-time MPS coordinates of an MPS sensor located at the tip of the medical device. The representation
of the tip of the medical device is superimposed on the image of the body region of interest, according to the two-
dimensional optical coordinates.

[0019] In accordance with another aspect of the disclosed technique, there is thus provided a system for displaying
a representation of the tip of a medical device located within a body region of interest of a patient, on an image of the
body region of interest, the image being acquired by an image detector of a moving imager. The system includes a
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magnetic field generator, a medical device medical positioning system (MPS) sensor, an MPS, and a processor. The
magnetic field generator is firmly coupled with a moving portion of the moving imager. The medical device MPS sensor
is coupled with the tip of the medical device. The MPS is coupled with the magnetic field generator and with the medical
device MPS sensor. The processor is coupled with the MPS.

[0020] The magnetic field generator produces a magnetic field at the body region of interest. The medical device MPS
sensor detects the magnetic field. The magnetic field generator is associated with an MPS coordinate system respective
of the MPS. The MPS determines the MPS coordinates of the medical device MPS sensor, according to an output of
the medical device MPS sensor. The processor determines the two-dimensional coordinates of the tip of the medical
device located within the body region of interest, according to a physical zoom setting of the image detector respective
of the image, and according to a set of intrinsic and extrinsic parameters respective of the image detector. The processor
determines the two-dimensional coordinates of the tip of the medical device, furthermore according to a selected image
detector region of interest setting of the image detector, and according to the MPS coordinates of the medical device
MPS sensor. The processor superimposes a representation of the tip of the medical device, on the image, according to
the two-dimensional coordinates.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021] The disclosed technique will be understood and appreciated more fully from the following detailed description
taken in conjunction with the drawings in which:

Figure 1 is a schematic illustration of a system or determining the position of the tip of a catheter, relative to images
of the body of a patient detected by a moving imager, as known in the art;

Figure 2 is a schematic illustration of a system for displaying a representation of the tip of a medical device on the
tip of a medical device, on a real-time image of the body of a patient, acquired by a moving imager, the position
being determined according to the characteristics of the real-time image and those of the moving imager, the system
being constructed and operative in accordance with an embodiment of the disclosed technique;

Figure 3 is a schematic illustration of a method for superimposing a representation of the tip of a medical device
located within a body region of interest of the patient of Figure 2, on an image of the body region of interest, acquired
by the image detector of the system of Figure 2, operative according to another embodiment of the disclosed
technique;

Figure 4 is a schematic illustration of a system for determining the position of the tip of a medical device, relative to
images of the body of a patient detected by a moving imager, the system being constructed and operative in
accordance with a further embodiment of the disclosed technique; and

Figure 5 is a schematic illustration of a system for determining the position of the tip of a medical device relative to
images of the body of a patient detected by a computer assisted tomography (CAT) machine, the system being
constructed and operative in accordance with another embodiment of the disclosed technique.

DETAILED DESCRIPTION OF THE EMBODIMENTS

[0022] The disclosed technique overcomes the disadvantages of the prior art by determining a distortion correction
model beforehand, corresponding to distortions which an image may undergo in real-time, and modifying the position
of the projection of the tip of a catheter on the distorted real-time image, according to the distortion correction model.
[0023] In this manner, a system according to the disclosed technique, can determine a substantially accurate position
of the projection of the tip of the catheter on the distorted real-time image of the body of a patient, by retrieving data
from a look-up table, without requiring any time consuming image processing in real time. Furthermore, as a result of
firmly attaching the magnetic field generators of a medical positioning system (MPS) to an image detector of a moving
imager, the origin of the 3D optical coordinate system of the image detector can be arbitrarily set at the origin of the
magnetic coordinate system of the MPS, thereby reducing the processing load even further.

The term "cranio-caudal" axis herein below, refers to a longitudinal axis between the head of the patient and the toes
of the patient. The term "medical device" herein below, refers to a vessel expansion unit such as a balloon catheter,
stent carrying catheter, medical substance dispensing catheter, suturing catheter, guidewire, an ablation unit such as
laser, cryogenic fluid unit, electric impulse unit, cutting balloon, rotational atherectomy unit (i.e., rotablator), directional
atherectomy unit, transluminal extraction unit, drug delivery catheter, brachytherapy unit, intravascular ultrasound cath-
eter, lead of a cardiac rhythm treatment (CRT) device, lead of an intra-body cardiac defibrillator (ICD) device, guiding
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device of a lead of a cardiac rhythm treatment device, guiding device of a lead of an intra-body cardiac defibrillator
device, valve treatment catheter, valve implantation catheter, intra-body ultrasound catheter, intra-body computer tom-
ography catheter, therapeutic needle, diagnostic needle, gastroenterology device (e.g., laparoscope, endoscope, colon-
oscope), orthopedic device, neurosurgical device, intra-vascular flow measurement device, intra-vascular pressure
measurement device, intra-vascular optical coherence tomography device, intra-vascular near infrared spectroscopy
device, intra-vascular infrared device (i.e., thermosensor), otorhinolaryngology precision surgery device, and the like.
The term "position" of an object herein below, refers to either the location or the orientation of the object, or both the
location and orientation thereof. The term "magnetic region of interest" herein below, refers to a region of the body of
the patient which has to be magnetically radiated by a magnetic field generator, in order for an MPS sensor to respond
to the radiated magnetic field, and enable the MPS to determine the position of the tip of a medical device.

The term "image detector" herein below, refers to a device which produces an image of the visual region of interest. The
image detector can be an image intensifier, flat detector (e.g., complementary metal-oxide semiconductor - CMOS), and
the like. The term "magnetic coordinate system" herein below, refers to a three-dimensional coordinate system associated
with the MPS. The term "3D optical coordinate system" herein below, refers to a three-dimensional coordinate system
associated with a three-dimensional object which is viewed by the image detector. The term "2D optical coordinate
system" herein below, refers to a two-dimensional coordinate system associated with the image detected by the image
detector viewing the three-dimensional object.

[0024] The term "body region of interest" herein below, refers to a region of the body of a patient on which a therapeutic
operation is to be performed. The term "visual region of interest" herein below, refers to a region of the body of the patient
which is to be imaged by the moving imager. The term "image detector region of interest (ROI)" herein below, refers to
different sizes of the detection region of the image detector. The image detector can detect the visual region of interest,
either by utilizing the entire area of the image detector, or smaller areas thereof around the center of the image detector.
The term "image detector ROI" refers to both an image intensifier and a flat detector.

[0025] The term "image rotation" herein below, refers to rotation of animage acquired by the image detector, performed
by an image processor. The term "image flip" herein below, refers to a mirror image of the acquired image performed
about an axis on a plane of the acquired image, wherein this axis represents the rotation of the acquired image about
another axis perpendicular to the plane of the acquired image, relative to a reference angle (i.e., after performing the
image rotation). For example, if the acquired image is rotated 25 degrees clockwise and an axis defines this amount of
rotation, then the image flip defines another image obtained by rotating the acquired image by 180 degrees about this
axis. In case no image rotation is performed, an image flip is performed about a predetermined axis (e.g., a substantially
vertical axis located on the plane of the acquired image).

[0026] The term "intrinsic parameters" herein below, refers to optical characteristics of the image detector and an
optical assembly of the moving imager, such as focal point, focal length, inherent optical distortion characteristics, and
the like. In case of a moving imager in which the magnetic field generators are firmly attached to the periphery of the
image detector, the ideal condition is for the visual region of interest and the magnetic region of interest to be identical.
However, due to various constraints, this condition might not be fully satisfied. Therefore, it is necessary to determine
a transformation matrix which defines the rotation and translation between the visual region of interest and the magnetic
region of interest. The parameters of this transformation matrix are herein below referred to as "extrinsic parameters".
The term "moving image detector" herein below, refers to an image detector in which the image detector moves linearly
along an axis substantially normal to the surface of the emitter, and relative to the emitter, in order to zoom-in and zoom-out.
[0027] The term "reference image" herein below, refers to an image acquired by the image detector at calibration (i.e.,
off-line), when the moving imager is positioned at a selected reference position (e.g., 0, 0, 0 coordinates in the 3D
coordinate system of the moving imager). The term "reference image distortion" herein below, refers to the distortion in
the reference image. The term "viewing position image distortion" herein below, refers to the distortion in the image
acquired by the image detector, at a selected position of the moving imager (e.g., the selected position). The viewing
position image distortion is generally caused by the influence of the magnetic field of the Earth on the image intensifier.
Thus, the image acquired by the image detector is distorted differently at different positions of the moving imager.
[0028] Generally, animage intensifier introduces significant viewing position distortions in an image acquired thereby,
whereas a flat detector introduces substantially no distortion in the image. Therefore, the procedures for superimposing
a representation of the tip of catheter on a real-time image of the body region of interest, according to the disclosed
technique, are different in case of an image intensifier and a flat detector.

[0029] The term "image rotation distortion" herein below, refers to the image distortion due to image rotation. The term
"image flip distortion" herein below, refers to the image distortion due to image flip. The image rotation distortion, image
flip distortion, and viewing position image distortion in an image acquired by a flat detector, is negligible compared to
those acquired by an image intensifier. It is noted that the image rotation distortion and the image flip distortion is
substantially greater than the viewing position image distortion. The term "reference distortion correction model" herein
below, refers to a transformation matrix which corrects the reference image distortion, when applied to the reference
image.
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[0030] The terms "off-line" and "non-real-time" employed herein below interchangeably, refer to an operating mode
ofthe system, prior to the medical operation on the patient, such as calibration of the system, acquisition of pre-operational
images by the image detector, determination of the intrinsic and extrinsic parameters, determination of the image rotation
and image flip distortions associated with an image acquired by the image detector, entering data into a database
associated with the system, and the like. The terms "on-line" and "real-time" employed herein below interchangeably,
refer to an operating mode of the system during the medical operation on the patient.

[0031] Reference is now made to Figure 2, which is a schematic illustration of a system, generally referenced 100,
for displaying a representation of the tip of a medical device on the tip of a medical device on a real-time image of the
body of a patient, acquired by a moving imager, the position being determined according to the characteristics of the
real-time image and those of the moving imager, the system being constructed and operative in accordance with an
embodiment of the disclosed technique. System 100 includes a moving imager 102, a medical positioning system (MPS)
104, a database 106, a processor 108, a display 110, MPS sensors 112, 114 and 116, a plurality of magnetic field
generators 118 (i.e., transmitters).

[0032] Moving imager 102 is a device which acquires an image (not shown) of a body region of interest 120 of the
body of a patient 122 lying on an operation table 124. Moving imager 102 includes a moving assembly 126, a moving
mechanism 128, an emitter 130, and an image detector 132.

[0033] Moving imager 102 can operate based on X-rays, nuclear magnetic resonance, elementary particle emission,
thermography, and the like. Moving imager 102 has at least one degree of freedom. In the example set forth in Figure
2, moving imager 102 is a C-arm imager). Emitter 130 and image detector 132 are coupled with moving assembly 126,
such that emitter 130 is located at one side of patient 122 and image detector 132 is located at the opposite side of
patient 122. Emitter 130 and image detector 132 are located on a radiation axis (not shown), wherein the radiation axis
crosses the body region of interest 120.

[0034] The system can further include a user interface (e.g., a push button, joystick, foot pedal) coupled with the
moving imager, to enable the physical staff to sequentially rotate the image acquired by the image detector, to flip the
image at a given rotation angle, or set the ROI of the image detector. The moving imager is constructed such that the
image indexes forward or backward by a predetermined amount, at every activation of the push button. This index can
be for example, five degrees, thus enabling the moving imager to perform a maximum of seventy two image rotations
(i.e., 360 divided by 5). Since the moving imager can produce one image flip for each image rotation, a maximum of
hundred and forty four images (i.e., 72 times 2) can be obtained from a single image acquired by the image detector.
[0035] Magnetic field generators 118 are firmly coupled with image detector 132. MPS sensor 112 is located at a distal
portion (not shown) of a medical device 134. MPS sensor 114 is attached to a substantially stationary location of the
body of patient 122. Medical device 134 is inserted to the body region of interest 120. MPS sensors 112 and 114, and
magnetic field generators 118 are coupled with MPS 104. Each of MPS sensors 112 and 114 can be coupled with MPS
104 either by a conductor or by a wireless link. Processor 108 is coupled with moving imager 102, MPS 104, database
106 and with display 110.

[0036] Moving imager 102 is associated with an Xjyacer Yimacer Zimager coordinate system (i.e., a 3D optical
coordinate system). MPS 104 is associated with an Xyps, Yy ps, Zyps coordinate system (i.e., a magnetic coordinate
system). The scaling of the 3D optical coordinate system is different than that of the magnetic coordinate system. Moving
mechanism 128 is coupled with moving assembly 126, thereby enabling moving assembly 126 to rotate about the
Y macer axis. Moving mechanism 128 rotates moving assembly 126 in directions designated by arrows 136 and 138,
thereby changing the orientation of the radiation axis on the Xjyjacer-Zimacer Plane and about the Y4 ger axis. Moving
mechanism 128 enables moving assembly 126 to rotate about the X),4 ger axis. Moving mechanism 128 rotates moving
assembly 126 in directions designated by arrows 152 and 154, thereby changing the orientation of the radiation axis on
the Z;yager-Yimacger Plane and about the Xjy45er axis. Moving imager 102 can include another moving mechanism
(not shown) coupled with moving imager 102, which can move moving imager 102 along the Y} 4ger axis in directions
designated by arrows 144 and 146 (i.e., along the cranio-caudal axis of patient 122). Moving imager 102 can include a
further moving mechanism (not shown) coupled with moving imager 102, which can move moving imager 102 along the
Ximacer axis in directions designated by arrows 148 and 150 (i.e., perpendicular to the cranio-caudal axis of patient 122).
[0037] Moving mechanism 128 or another moving mechanism (not shown) coupled with operation table 124, can
enable relative movements between moving imager 102 and the body region of interest 120 along the three axes of the
3D optical coordinate system, in addition to rotations in directions 136,138,152 and 154. Each of emitter 130 and image
detector 132 is constructed and operative by methods known in the art.

[0038] Image detector 132 can be provided with linear motion in directions toward and away from emitter 130, for
varying the focal length of the image (i.e., in order to zoom-in and zoom-out). This zoom operation is herein below
referred to as "physical zoom". In this case, system 100 further includes a detector moving mechanism (not shown)
coupled with image detector 132, in order to impart this linear motion to image detector 132. The detector moving
mechanism can be either motorized or manual. The term "physical zoom" herein below, applies to an image detector
which introduces distortions in an image acquired thereby (e.g., an image intensifier), as well as an image detector which
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introduces substantially no distortions (e.g., a flat detector). MPS sensor 116 (i.e., image detector MPS sensor) can be
firmly coupled with image detector 132 and coupled with MPS 104, in order to detect the position of image detector 132
along an axis (not shown) substantially normal to the surface of emitter 130, in the magnetic coordinate system.
[0039] Alternatively, image detector 132 can include a position detector (not shown) coupled with processor 108, to
inform processor 108 of the current position of moving imager 102 relative to emitter 130 . This position detector can be
of a type known in the art, such as optic, sonic, electromagnetic, electric, mechanical, and the like. In case such a position
detector is employed, processor 108 can determine the current position of moving imager 102 according to the output
of the position detector, and MPS sensor 116 can be eliminated from system 100.

[0040] Alternatively, image detector 132 is substantially stationary relative to emitter 130 during the real-time operation
of system 100. In this case, the physical zoom is performed by moving moving-assembly 126 relative to body region of
interest 120, or by moving operation table 124. In this case, MPS sensor 116 can be eliminated from system 100. This
arrangement is generally employed in mobile imagers, as known in the art. Alternatively, processor 108 can determine
the physical zoom according to an input from the physical staff via the user interface. In this case too, MPS sensor 116
can be eliminated.

[0041] Additionally, moving imager 102 can perform a zoom operation which depends on an image detector ROI
setting. In this case, an image processor (not shown) associated with moving imager 102, produces zoomed images of
the acquired images, by employing different image detector ROI settings, while preserving the original number of pixels
and the original dimensions of each of the acquired images.

[0042] Itis noted that the physical zoom settings of image detector 132 is a substantially continuous function (i.e., the
physical zoom can be set at any non-discrete value within a given range). The image detector ROI can be set either at
one of a plurality of discrete values (i.e., discontinuous), or non-discrete values (i.e., continuous).

[0043] Magnetic field generators 118 are firmly coupled with image detector 132, in such a manner that magnetic field
generators 118 do not physically interfere with radiations generated by image detector 132, and thus emitter 130 can
direct a radiation at a field of view 140 toward the body region of interest 120, to be detected by image detector 132. In
this manner, emitter 130 radiates a visual region of interest (not shown) of the body of patient 122. Image detector 132
produces an image output respective of the image of the body region of interest 120 in the 3D optical coordinate system.
Image detector 132 sends the image output to processor 108 for display 110 to display the body region of interest 120.
[0044] Magnetic field generators 118 produce a magnetic field 142 toward the body region of interest 120, thereby
magnetically radiating a magnetic region of interest (not shown) of the body of patient 122. Since magnetic field generators
118 are firmly coupled with image detector 132, the field of view 140 is included within magnetic field 142, no matter
what the position of image detector 132. Alternatively, magnetic field 142 is included within field of view 140. In any case,
body region of interest 120 is an intersection of field of view 140 and magnetic field 142. MPS 104 determines the position
of the distal portion of medical device 134 (i.e., performs position measurements) according to the output of MPS sensor
112.

[0045] As a result of the direct and firm coupling of magnetic field generators 118 with image detector 132, the visual
region of interest substantially coincides with the magnetic region of interest, and MPS sensor 112 responds to magnetic
field 142 substantially at all times during the movements of moving imager 102. It is desirable to determine the position
of the distal portion of medical device 134, while medical device 134 is inserted into any portion of the body of patient
122 and while moving imager 102 is imaging that same portion of the body of patient 122. Since magnetic field generators
118 are firmly coupled with moving imager 102 and move with it at all times, system 100 provides this capability. This
is true for any portion of the body of patient 122 which moving imager 102 can move toward, in order to detect an image
thereof.

[0046] Since magnetic field generators 118 are firmly coupled with moving imager 102, the 3D optical coordinate
system and the magnetic coordinate system are firmly associated therewith and aligned together. Thus, when moving
imager 102 moves relative to the body region of interest 120, magnetic field generators 118 move together with moving
imager 102. The 3D optical coordinate system and the magnetic coordinate system are rigidly coupled. Therefore, it is
not necessary for processor 108 to perform on-line computations for correlating the position measurements acquired
by MPS 104 in the magnetic coordinate system, with the 3D optical coordinate system.

[0047] Thus, the position of MPS sensor 112 relative to the image of the body region of interest 120 detected by
moving imager 102, can be determined without performing any real-time computations, such as transforming the coor-
dinates according to a transformation model (i.e., transformation matrix), and the like. In this case, the transformation
matrix for transforming a certain point in the magnetic coordinate system to a corresponding point in the 3D optical
coordinate system, is a unity matrix.

[0048] Itis noted that magnetic field generators 118 are located substantially close to that portion of the body of patient
122, which is currently being treated and imaged by moving imager 102. Thus, it is possible to use magnetic field
generators which are substantially small in size and which consume substantially low electric power. This is true for any
portion of the body of patient 122 which moving imager 102 can move toward, in order to detect an image thereof. This
arrangement increases the sensitivity of MPS 104 to the movements of MPS sensor 112 within the body of patient 122,
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and reduces the cost, volume and weight of magnetic field generators 118.

[0049] Furthermore, this arrangement of magnetic field generators 118 provides the physical staff (not shown) a
substantially clear view of body region of interest 120, and allows the physical staff a substantially easy reach to body
region of interest 120. Since magnetic field generators 118 are firmly coupled with moving imager 102, any interference
(e.g., magnetic, electric, electromagnetic) between MPS 104 and moving imager 102 can be identified beforehand, and
compensated for during the operation of system 100.

[0050] It is further noted that the system can include MPS sensors, in addition to MPS sensor 112. It is noted that the
magnetic field generators can be part of a transmitter assembly, which includes the magnetic field generators, a plurality
of mountings for each magnetic field generator, and a housing to enclose the transmitter assembly components. The
transmitter assembly can be for example, in an annular shape which encompasses image detector 132.

[0051] MPS 104 determines the viewing position value of image detector 132, according to an output of MPS sensor
114 (i.e., patient body MPS sensor), in the magnetic coordinate system, relative to the position of the body of patient
122. In this manner, processor 108 can compensate for the movements of patient 122 and of moving imager 102 during
the medical operation on patient 122, according to an output of MPS 104, while processor 108 processes the images
which image detector 132 acquires from body region of interest 120.

[0052] In case moving imager 102 is motorized, and can provide the position thereof to processor 108, directly, it is
not necessary for processor 108 to receive data from MPS 104 respective of the position of MPS sensor 114, for
determining the position of image detector 132. However, MPS sensor 114 is still necessary to enable MPS 104 to
determine the position of the body of patient 122.

[0053] Reference is now made to Figure 3, which is a schematic illustration of a method for superimposing a repre-
sentation of the tip of a medical device located within a body region of interest of the patient of Figure 2, on an image
of the body region of interest, acquired by the image detector of the system of Figure 2, operative according to another
embodiment of the disclosed technique. In procedure 160, at least one MPS sensor image of at least one MPS sensor,
is acquired by an image detector of a moving imager, at a physical zoom setting of the image detector, respective of an
image of a body region of interest of the body of a patient, and at a selected image detector region of interest setting of
the image detector, the MPS sensor being associated with an MPS, the MPS sensor responding to an electromagnetic
field generated by a plurality of electromagnetic field generators, firmly coupled with a moving portion of the movingimager.
[0054] With reference to Figure 2, an MPS sensor (not shown) is located within the field of view of image detector
132, and the MPS sensor is moved to different positions in space, while image detector 132 acquires a set of images
of the MPS sensor. The MPS sensor can be mounted on a two-axis apparatus (not shown) for moving the MPS sensor
in space. Alternatively, image detector 132 can acquire a single image of a plurality of MPS sensors.

[0055] This MPS sensor can be identical with MPS sensor 112. Alternatively, this MPS sensor can be identical with
MPS sensor 114. Further alternatively, this MPS sensor can be different than either of MPS sensors 112 and 114.
[0056] Image detector 132 acquires the MPS sensor images, at one or more physical zoom settings of image detector
132, and at a selected image detector ROI setting of image detector 132. In case a plurality of different image detector
ROI's are attributed to image detector 132, image detector 132 acquires the MPS sensor images at an image detector
ROI setting, having the largest value. In case a single image detector ROl is attributed to image detector 132, the MPS
sensor images which image detector acquires from the MPS sensor, is attributed to this single image detector ROI.
[0057] Magnetic field generators 118 (i.e., MPS transmitters) are firmly coupled with image detector 132, at a periphery
thereof. Image detector 132 is associated with the 3D optical coordinate system, whereas magnetic field generators 118
are associated with the magnetic coordinate system of MPS 104. It is noted that the magnetic coordinate system and
the 3D optical coordinate system, are arbitrarily set to be substantially identical, such that they share the same origin
and the same axes in space. The magnetic coordinate system is employed as the frame of reference for either of MPS
sensors 112, 114, and 116, and the 3D optical coordinate system can be referred to this magnetic coordinate system.
The MPS sensor responds to the electromagnetic field generated by electromagnetic field generators 118, by producing
an output according to the position of the MPS sensor relative to electromagnetic field generators 118, in the magnetic
coordinate system.

[0058] In procedure 162, a set of intrinsic and extrinsic parameters is determined, according to sensor image coordi-
nates of each of the MPS sensor images, in a 2D optical coordinate system respective of the image detector, and
according to the respective MPS coordinates of the MPS sensor, in an MPS coordinate system respective of the MPS.
The intrinsic parameters of image detector 132 depend on the physical zoom setting of image detector 132, no matter
whether image detector 132 introduces distortions in the image acquired thereby, or not (e.g., both in case of an image
intensifier and a flat detector, respectively). The intrinsic parameters are represented by a matrix M.

[0059] Processor 108 determines the intrinsic parameters at each of the physical zoom settings of image detector
132. Processor 108 can determine the intrinsic and extrinsic parameters at a selected physical zoom setting, either by
interpolating between two adjacent physical zoom settings, or by extrapolating there between. For example, if intrinsic
and extrinsic parameters for image detector 132 at physical zoom settings of 15.1, 15.3, and 15.7, are stored in processor
108, and an intrinsic and extrinsic parameter is to be determined at physical zoom setting of 15.2, then processor 108
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determines these intrinsic and extrinsic parameters, by interpolating between physical zoom settings of 15.1 and 15.3.
On the other hand, if intrinsic and extrinsic parameters are to be determined at physical zoom setting of 15.9, then
processor 108 determines these intrinsic and extrinsic parameters, by extrapolating between physical zoom settings of
15.3 and 15.7. If intrinsic and extrinsic parameters are available at only two physical zoom settings (e.g., two extreme
positions of image detector 132), then processor 108 can either interpolate or extrapolate between these two physical
zoom settings.

[0060] Processor 108 can determine the intrinsic parameters more accurately, the more images image detector 132
acquires from the MPS sensor, at different physical zoom settings of image detector 132. Alternatively, processor 108
can determine the intrinsic parameters according to only two images acquired by image detector 132, at two extreme
physical zoom settings of image detector 132.

[0061] In case image detector 132 introduces substantially no distortions in the image which image detector 132
acquires (e.g., in case of a flat detector), the intrinsic parameters are influenced in a substantially linear manner, by the
physical zoom setting of image detector 132. However, in case image detector 132 introduces distortions in the image
due to viewing position distortions (e.g., in case of an image intensifier), the intrinsic parameters are influenced by the
physical zoom setting, in a random manner. Therefore, in case of an image intensifier, processor 108 determines the
intrinsic parameters according to the physical zoom settings and the viewing position of image detector 132.

[0062] The extrinsic parameters define the rotation and translation of image detector 132 relative to the magnetic
coordinate system (i.e., the extrinsic parameters represent the mechanical connection between electromagnetic field
generators 118, and moving imager 102). The extrinsic parameters remain the same, regardless of any change in the
physical zoom setting of image detector 132, or in the setting of the image detector region of interest of image detector
132, unless the mechanical coupling between electromagnetic field generators 118 and image detector 132 is modified.
The extrinsic parameters can be represented either as a constant matrix N, or as a constant multiplier embedded in the
intrinsic parameters.

[0063] Processor 108 determines the intrinsic and extrinsic parameters, according to the coordinates of each of the
MPS sensor images which image detector 132 acquires in procedure 160, in the 2D optical coordinate system of image
detector 132, and according to the respective coordinates of the same MPS sensor, in the magnetic coordinate system
of MPS 104. In case image detector 132 acquires a single MPS sensor image of a plurality of MPS sensors, processor
108 determines the intrinsic and extrinsic parameters, according to the coordinates of each of the MPS sensors, in the
2D optical coordinate system of image detector 132, and according to the coordinates of the respective MPS sensors
in the magnetic coordinate system of MPS 104.

[0064] In procedure 164, 2D optical coordinates of the tip of a catheter located within the body region of interest is
determined, according to the physical zoom setting, according to the set of intrinsic and extrinsic parameters, according
to the image detector region of interest setting, and according to MPS coordinates of the MPS sensor attached to the
tip of the catheter. With reference to Figure 2, the 2D optical coordinates of the tip of catheter 134 is represented by a
vector L. The real-time magnetic coordinates of MPS sensor 112 is represented by a vector Q. The connection between
the magnetic coordinate system of MPS 104, and the 3D optical coordinate system of image detector 132 is represented
by a matrix R.

[0065] In case of system 100, where magnetic field generators 118 are coupled with image detector 132, the magnetic
coordinate system and the 3D optical coordinate system are associated with a common origin and orientation (without
loss of generality), and therefore it is not necessary to determine the connection there between. Therefore, R=1. The
intrinsic parameters are represented by a matrix M, and the extrinsic parameters by a matrix N. The 2D optical coordinates
of the tip of catheter 134 are determined according to,

L =MNRQ (1)

with R#1.In case of Figure 2, where R=1, the 2D optical coordinates of the tip of catheter 134 are determined according to,
L=MNQ (2)

and in case the extrinsic parameters are included in the intrinsic parameters, the 2D optical coordinates of the tip of
catheter 134 are determined according to,

L=MQ 3)



10

15

20

25

30

35

40

45

50

55

EP 1944 733 A2

[0066] Processor 108 determines the 2D optical coordinates of the tip of catheter 134, according to the physical zoom
settings of image detector 132, according to the set of the intrinsic and extrinsic parameters of image detector 132, as
determined in procedure 162, according to the image detector region of interest setting, and according to the coordinates
of MPS sensor 112 in the MPS coordinate system of MPS 104.

[0067] In procedure 166, a representation of the tip of the catheter is superimposed on an image of the body region
of interest, according to the determined 2D optical coordinates. With reference to Figure 2, Processor 108 superimposes
a representation of the 2D optical coordinates determined in procedure 164, on an image of body region of interest 120.
It is noted that the image of body region of interest 120 is distorted due to the intrinsic parameters and the extrinsic
parameters of image detector 132, and possibly due to image rotation, image flip, viewing position of image detector
132, and scaling of the image, depending on the type of image detector employed in system 100 (i.e., whether image
detector 132 introduces distortions to the image or not). Display 110 displays this superposition on the image of body
region of interest 120, and the physical staff can obtain substantially accurate information respective of the position of
the tip of catheter 134, within body region of interest 120.

[0068] It is noted that the method according to Figure 3, concerns an image detector which includes a single image
detector ROI. In case image detector 132 is provided with a plurality of image detector regions of interest, a scale function
between different image detector regions of interests is determined, by employing a full span fiducial screen, and by
performing the following procedures before performing procedure 160.

[0069] Initially, the full span fiducial screen is located in a field of view of image detector 132, such that the image
acquired by image detector 132, includes the image of the fiducials of the full span fiducial screen. This full span fiducial
screen can be constructed for example, from a transparent material (e.g., plastic sheet) in which translucent markers
(e.g., steel balls), are embedded therein. Such a full span fiducial screen can include tens of markers which are dispersed
on a rectilinear grid on the entire surface of the full span screen.

[0070] Next, a plurality of marker images is acquired by image detector 132, at different image detector regions of
interest, at a selected physical zoom setting (i.e., a constant physical zoom setting), wherein each of the marker images
includes animage of the fiducials. Next, processor 108 determines a scale function s between the differentimage detector
regions of interest, according to the coordinates of the fiducials in each of the marker images (i.e., the marker image
coordinates), and according to the actual coordinates of the respective fiducials. In this case, processor 108 determines
the 2D optical coordinates of the tip of catheter 134, according to,

L =sMNRQ (4)

[0071] In case image detector 132 scales an image up and down in a uniform manner, about the center of the image
while producing substantially no distortions (e.g., in case of a flat detector), then the scale function s is treated as a scale
factor (i.e., a rational number). However, in case image detector 132 scales the image up and down in a non-uniform
manner (e.g., in case of an image intensifier), each scaled image is further distorted in a different manner, and then a
scale function is employed. In this case, the scale function is also affected by the physical zoom setting and the viewing
position of image detector 132 as described herein below.

[0072] Once processor 108 determines the scale function, the full span fiducial screen can be removed from the field
of view of image detector 132, and the method can be resumed starting at procedure 160.

[0073] Itis noted that procedure 162 applies to an image detector which introduces substantially no viewing position
distortions in the image acquired by image detector 132 (e.g., in case of a flat detector). In case image detector 132
introduces viewing position distortions (e.g., in case of an image intensifier), the method includes a further procedure of
determining a viewing position transformation model, in order to take into account the viewing position distortion, when
performing procedure 162.

[0074] For this purpose, a peripheral fiducial screen is firmly coupled with image detector 132, in front of image detector
132, in an off-line mode of operation of system 100 (i.e., before performing the medical operation on patient 122). This
peripheral fiducial screen is of such a form that the images (i.e., peripheral marker images) of the fiducials (i.e., peripheral
fiducials) fall on a periphery of animage of body region of interest 120. Each fiducial in a group of fiducials is complementary
to the rest of the fiducials in that group, such that if processor 108 is unable to identify one or more fiducials in the image
acquired by image detector 132 (e.g., the fiducial is located in a dark portion of the image), then processor 108 can still
determine the coordinates of the rest of the fiducials according to the coordinates of at least one fiducial which is clearly
recognizable. This is provided by arranging the fiducials in a predetermined geometry, for example by employing fiducials
of predetermined unique shapes and sizes, predetermined patterns of fiducials, and the like. The geometry of the
peripheral fudicial screen conforms to the geometry of the image detected by image detector 132, such as circular,
chamfered corners, round corners, and the like.
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[0075] After mounting the peripheral fiducial screen in front of image detector 132, image detector 132 acquires a
reference image at a reference position (e.g., 0, 0, 0 in the 3D optical coordinate system), in a non-real-time mode of
operation, at each image detector ROI setting, and at each of the physical zoom settings of image detector 132. For
example, ifimage detector 132 includes three image detector ROI settings, and three physical zoom settings, then image
detector 132 acquires a total of nine reference images. The reference image includes the peripheral marker images.
Processor 108 determines the scale function s for each combination of different image detector ROI settings, and different
physical zoom settings, in the non-real-time mode of operation. Processor 108 determines the viewing position trans-
formation model in real-time, according to the coordinates of the peripheral fiducials in the reference image, which image
detector 132 acquires off-line, and according to the coordinates of the peripheral fiducials in an image which image
detector 132 acquires in real-time with respect to the physical zoom setting and the image detector ROI setting thereof.
Processor 108 performs procedure 164, furthermore, according to this viewing position transformation model.

[0076] Alternatively, processor 108 determines a plurality of viewing position transformation models, corresponding
to respective viewing position values of image detector 132, in the non-real-time mode of operation of system 100,
according to fiducial image coordinates of the peripheral fiducials in the peripheral marker images, and according to the
actual coordinates of the peripheral fiducials of the peripheral fiducial screen. Processor 108 constructs a logical rela-
tionship between each viewing position transformation model, and the respective viewing position value, in the non-real-
time mode of operation of system 100. In the real-time mode of operation of system 100, processor 108 receives
information respective of the viewing position value of image detector 132.

[0077] Processor 108 can receive this information either from image detector 132 itself, or from a user interface (not
shown), coupled with image detector 132. Processor 108 determines the viewing position transformation model, corre-
sponding to the respective viewing position value, contained in the received information, according to the logical rela-
tionship, in real-time. Processor 108 performs procedure 164, furthermore, according to this viewing position transfor-
mation model.

[0078] Itis noted that procedure 162 applies to an image detector which introduces substantially no image flip distortion
or image rotation distortion to an image acquired thereby (e.g., in case of a flat detector), when the image is rotated or
flipped. In case image detector 132 introduces image flip distortion and image rotation distortion (e.g., in case of an
image intensifier), the method includes a further procedure of determining an image rotation correction model and an
image flip correction model. Processor 108, then determines the 2D optical coordinates of the tip of catheter 134,
according to the image rotation correction model and the image flip correction model, as well as the intrinsic parameters,
the extrinsic parameters, the physical zoom settings, the image detector ROI settings, and the real-time coordinates of
MPS sensor 112.

[0079] The image rotation correction model is a model (e.g., a transformation matrix), which processor 108 utilizes to
determine the 2D optical coordinates of the tip of catheter 134, in procedure 164. The image rotation correction model
can involve a rotation distortion which image detector 132 introduces in the image which image detector 132 acquires
(e.g., in case image detector 132 is an image intensifier, and where the rotation is performed on an analog image acquired
by image detector 132). In this case, while processor 108 utilizes the image rotation correction model in performing
procedure 164, processor 108 takes into account the distortion in the image acquired by image detector 132, due to the
rotation of the image, as well as the changes in the coordinates of the image in the 2D optical coordinate system, due
to the sheer action of rotation. The same argument applies to an image flip process.

[0080] It is noted that in case the image rotation is performed on a digital image (i.e., by digitizing the analog image
which image detector 132 acquires), the image rotation correction model excludes any image rotation distortion, and
procedure 164 involves only transformation due to the rotation procedure per se, and excludes any correction due to
image rotation distortion. The same argument holds with regard to an image flip process.

[0081] Processor 108 determines the real-time image rotation distortion and the real-time image flip distortion according
to a logical relationship (e.g., a look-up table, a mathematical function), which processor 108 constructs off-line, and
stores this logical relationship in database 106. For this purpose the peripheral fiducial screen described herein above,
is firmly coupled with image detector 132, in front of image detector 132.

[0082] Processor 108 associates the amount of each image rotation and image flip, of a reference image which image
detector 132 acquires at the reference position at different physical zoom settings and different image detector ROI
settings, with the respective pattern of the peripheral fiducials in the reference image, and enters this association in the
look-up table. Processor 108 determines each image rotation correction model and each image flip correction model,
of the respective image rotation and image flip, according to the pattern of the peripheral fiducials in the reference image
and the actual pattern of the peripheral fiducials in the peripheral fiducial screen, and enters the data respective of these
distortions in the look-up table. Processor 108, furthermore determines the real-time image rotation distortion and the
real-time image flip distortion, associated with a real-time image of body region of interest 120, by referring to the look-
up table, and by determining the unique pattern of the peripheral fiducials of the peripheral fiducial screen, in the real-
time image which image detector 132 acquires.

[0083] It is noted that processor 108 employs the look-up table to determine the 2D optical coordinates of the tip of
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catheter 134, according to the coordinates of the peripheral fiducials, while leaving the distorted real-time image intact,
thereby saving precious processing time and central processing unit (CPU) resources.

[0084] Itis further noted that in case moving imager 102 is capable to notify processor 108 of the current image rotation
value and the image flip value, processor 108 can determine the image rotation correction model and the image flip
correction model, according to this information, and use this information according to the look-up table in real-time. This
is true both in case image detector 132 introduces distortions in the image acquired thereby (e.g., in case of an image
intensifier), and in case image detector 132 introduces substantially no distortions (e.g., in case of a flat detector).
Alternatively, processor 108 can determine the current image rotation value and the current image flip value, according
to the relevant data that the physical staff enters via the user interface.

[0085] In case image detector 132 introduces substantially no distortions in the image acquired thereby (e.g., in case
of a flat detector), due to an image rotation operation, processor 108 can determine the image rotation correction model
according to the value of the image rotation, and according to the look-up table. Processor 108 determines the image
rotation correction model in real-time, according to the coordinates of the peripheral fiducials in the reference image,
which image detector 132 acquires off-line, and according to the coordinates of the peripheral fiducials in an image
which image detector 132 acquires in real-time with respect to the physical zoom setting and the image detector ROI
setting thereof. Processor 108 takes into account this image rotation correction model, while performing procedure 164,
as described herein above. In this case, the image rotation correction model pertains to a change in the 2D optical
coordinates of the image due to the rotation operation alone, and precludes any image rotation distortion due to the
image rotation operation. The same argument holds with respect to an image flip operation.

[0086] In case image detector 132 introduces distortions in an image acquired thereby (e.g., in case of an image
intensifier), as a result of a change in scale, processor 108 takes into account this scale function for determining the 2D
optical coordinates of the tip of catheter 134, as described herein above in connection with procedure 164. One of the
following scenarios can prevail, while the physical staff operates system 100:

e Superimposing a real-time representation of the tip of catheter 134 on a real-time image of body region of interest
120. In this case, if MPS sensor 112 produces an output at a time tpy0, and the image of body region of interest
120 is associated with a time t;,4cr, then tpyg = tace- Since the magnetic coordinate system and the 3D optical
coordinate system are by definition substantially identical, processor 108 can determine the relation between the
coordinates of MPS sensor 112, and the coordinates of every pixel in the image acquired by image detector 132,
according to Equation (1). Since MPS sensor 112 moves together with the body of patient 122, MPS sensor 112
detects the movements of the body of patient 122, and MPS sensor 114 can be eliminated from system 100.

* Superimposing a real-time representation of the tip of catheter 134 on a non-real-time image of body region of
interest 120 (i.e., an image which image detector 132 has acquired from body region of interest 120, during the
medical operation on patient 122, and a substantially short while ago, for example, several minutes before deter-
mination of the position of the tip of catheter 134, by processor 108). This non-real time image of body region of
interest 120, can be either a stillimage, or a cine-loop (i.e., a video clip). In this case tpno > fjyace » and MPS sensor
114 is required for system 100 to operate. Processor 108 determines the 2D optical coordinates of the tip of catheter
134, according to the coordinates of MPS sensor 112 at time tpp( (i.€., in real-time) and the coordinates of MPS
sensor 114 at time tj,, e Which is associated with the non-real time image acquired by image detector 132 at time
timace (i.e., an image acquired during the medical operation on patient 122, a short while ago).

* Superimposing a non-real-time representation of the tip of catheter 134 on a real-time image of body region of
interest 120 acquired by image detector 132 (i.e., tpnyo<tjyace)- In this case processor 108 determines the 2D
coordinates of the tip of catheter 134 according to the coordinates of MPS sensor 112 at time fpp (i-€., processor
108 has determined the 2D coordinates of the tip of catheter 134 during the medical operation on patient 122, and
a short while ago, for example, several minutes before acquisition of the image of body region of interest 120 by
image detector 132), and according to the coordinates of MPS sensor 114 at time fj4gg (i.€., in real-time). In this
case too, MPS sensor 114 is required for system 100 to operate.

*  Superimposing a non-real-time representation of the tip of catheter 134 on a non-real-time image of body region of
interest 120 acquired by image detector 132 (i.e., tpnyo%tnace)- In this case processor 108 determines the 2D
coordinates of the tip of catheter 134 according to the coordinates of MPS sensor 112 at time fpp o (i-€., still during
the same medical operation on patient 122), and according to the coordinates of MPS sensor 114 at time tyace
(i.e., still during the same medical operation on patient 122). In this case too, MPS sensor 114 is required for system
100 to operate.

[0087] Itis noted that the combinations of real-time, and non-real-time representation of the tip of catheter 134, and

12



10

15

20

25

30

35

40

45

50

55

EP 1944 733 A2

real-time and non-real-time image of body region of interest 120, enables the physical staff to investigate previous
instances of the tip of catheter 134 and body region of interest 120, during the same operation on patient 122. For
example, by providing a display of a superimposition of a real-time representation of the tip of catheter 134 on a non-
real-time image of body region of interest 120, the physical staff can observe a superimposition of the current position
of the tip of catheter 134, on body region of interest 120, without having to expose patient 122, the physical staff, or
both, to harmful radioactive waves.

[0088] Reference is now made to Figure 4, which is a schematic illustration of a system, generally referenced 200,
for determining the position of the tip of a medical device relative to images of the body of a patient detected by a moving
imager, the system being constructed and operative in accordance with a further embodiment of the disclosed technique.
System 200 includes a moving imager 202, an MPS sensor 204, an MPS 206 and a plurality of magnetic field generators
208.

[0089] Moving imager 202 includes a moving assembly 210, a moving mechanism 212, an image detector 214 and
an emitter 216. The movements of moving imager 202 are similar to those of moving imager 102 (Figure 2) as described
herein above.

[0090] Image detector 214 and emitter 216 are coupled with moving assembly 210, such that image detector 214 is
located on one side of a patient 218, and emitter 216 is located at the opposite side of patient 218. Image detector 214
and emitter 216 are located on a radiation axis (not shown), wherein the radiation axis crosses a body region of interest
220 of patient 218. Patient 218 is lying on an operation table 222.

[0091] A medical device 224 is inserted into the body region of interest 220. MPS sensor 204 and magnetic field
generators 208 are coupled with MPS 206. MPS sensor 204 is located at a distal portion of medical device 224.
[0092] Image detector 214 directs a radiation at a field of view 226 toward the body region of interest 220, to be
detected by emitter 216, thereby radiating a visual region of interest (not shown) of the body of patient 218. Magnetic
field generators 208 produce a magnetic field 228 in a magnetic region of interest (not shown) of the body of patient
218. Since magnetic field generators 208 are firmly coupled with moving imager 202, the magnetic region of interest
substantially coincides with the visual field of interest substantially at all positions and orientations of moving imager 202
relative to the body of patient 218. Hence, MPS 206 can determine the position of MPS sensor 204 relative to an image
of the body of patient 218 which moving imager 202 images. This is true for substantially all portions of the body of
patient 218 which moving imager 202 is capable to image. Magnetic field generators 208 can be housed in a transmitter
assembly (not shown) which is firmly coupled with emitter 216 (e.g., located beside the emitter).

[0093] It is noted that the magnetic field generators can be firmly coupled with a portion of the moving assembly
between the image detector and the emitter. In this case too, the magnetic region of interest substantially coincides with
the visual region of interest, and the MPS is capable to determine the position of the MPS sensor at substantially all
positions and orientations of the moving imager. In any case, the magnetic field generators are firmly coupled with that
moving portion of the moving imager, which moves together with those elements of the moving imager, which are involved
in imaging the body region of interest (e.g., the image detector and the emitter).

[0094] Reference is now made to Figure 5, which is a schematic illustration of a system, generally referenced 250,
for determining the position of the tip of a medical device relative to images of the body of a patient detected by a
computer assisted tomography (CAT) machine, the system being constructed and operative in accordance with another
embodiment of the disclosed technique. System 250 includes a CAT machine (not shown), an MPS sensor 252, an MPS
254, and a plurality of magnetic field generators 256. The CAT machine includes a revolving portion 258, and a slidable
bed 260. Revolving portion 258 can revolve about a longitudinal axis 262 of the CAT machine and of slidable bed 260,
in clockwise and counterclockwise directions 264 and 266, respectively, as viewed along longitudinal axis 262. Revolving
portion 258 includes an emitter 262 and an image detector 264, located opposite one another along a plane (not shown)
of revolving portion 258, substantially perpendicular to longitudinal axis 262.

[0095] Magnetic field generators 256 can be housed in a transmitter assembly (not shown) which is firmly coupled
with emitter 262 (e.g., located beside the emitter, or in a periphery thereof). A medical device 268 is inserted into the
body region of interest 270 of a patient 272 who is lying on slidable bed 260. MPS sensor 252 and magnetic field
generators 256 are coupled with MPS 254. MPS sensor 252 is located at a distal portion of medical device 268. Emitter
262 emits X-rays toward image detector 264 through body region of interest 270, for image detector 264 to detect an
image (not shown) of body region of interest 270.

[0096] MPS sensor 252 produces an output when magnetic field generators 256 emit a magnetic field toward body
region of interest 270, and MPS 254 determines the position of the tip of medical device 268, according to the output of
MPS sensor 252. Alternatively, the magnetic field generators can be coupled with the image detector.

[0097] It will be appreciated by persons skilled in the art that the disclosed technique is not limited to what has been
particularly shown and described hereinabove. Rather the scope of the disclosed technique is defined only by the claims,
which follow.
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Claims

1.

10.

Method for displaying a representation of the tip of a medical device located within a body region of interest of the
body of a patient, on an image of the body region of interest, the image being acquired by an image detector of a
moving imager, the method comprising the procedures of:

acquiring at least one medical positioning system (MPS) sensor image of at least one MPS sensor, by said
image detector, at a physical zoom setting of said image detector respective of said image, and at a selected
image detector region of interest setting of said image detector, said at least one MPS sensor being associated
with an MPS, said at least one MPS sensor responding to an electromagnetic field generated by a plurality of
electromagnetic field generators, firmly coupled with a moving portion of said moving imager;

determining a set of intrinsic and extrinsic parameters, according to sensor image coordinates of each of said
at least one MPS sensor image, in a two-dimensional optical coordinate system respective of said image
detector, and according to non-real-time MPS coordinates of respective ones of said at least one MPS sensor,
in an MPS coordinate system respective of said MPS;

determining two-dimensional optical coordinates of said tip of said medical device, according to said physical
zoom setting, according to said set of intrinsic and extrinsic parameters, according to said selected image
detector region of interest setting, and according to real-time MPS coordinates of an MPS sensor located at
said tip of said medical device;

superimposing said representation of said tip of said medical device, on said image of said body region of
interest, according to said two-dimensional optical coordinates; and

displaying said representation of said tip of said medical device superimposed on said image of said body region
of interest.

The method according to claim 1, further comprising a preliminary procedure of removing a full span fiducial screen
from a field of view of said image detector, said full span fiducial screen being placed in said field of view, in an off-
line mode of operation of a system operating according to said method, said full span fiducial screen including a
plurality of fiducials, every group of said fiducials being complementary to the rest of said fiducials in said group.

The method according to claim 2, further comprising a preliminary procedure of determining a scale function between
different image detector regions of interest, according to fiducial image coordinates of a plurality of fiducials of said
full span fiducial screen, in a plurality of fiducial images acquired by said image detector, from said full span fiducial
screen, at said differentimage detectorregions of interest, and at said respective physical zoom setting, and according
to actual coordinates of said fiducials.

The method according to claim 3, wherein said procedure of determining said two-dimensional optical coordinates
is performed according to said scale function.

The method according to claim 3, further comprising a preliminary procedure of acquiring said fiducial images by
said image detector.

The method according to claim 5, further comprising a preliminary procedure of placing said full span fiducial screen
in said field of view.

The method according to claim 1, wherein said at least one MPS sensor image includes a single MPS sensor image,
and wherein said at least one MPS sensor includes a plurality of MPS sensors.

The method according to claim 1, wherein said selected image detector region of interest is the largest image
detector region of interest, among a plurality of image detector regions of interest.

The method according to claim 1, wherein said procedure of determining said set of intrinsic and extrinsic parameters
is performed with respect to a plurality of physical zoom settings of said image detector, by interpolating between
two adjacent ones of said physical zoom settings.

The method according to claim 1, wherein said procedure of determining said set of intrinsic and extrinsic parameters

is performed with respect to a plurality of physical zoom settings of said image detector, by extrapolating beyond
two adjacent ones of said physical zoom settings.
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11. The method according to claim 1, further comprising the preliminary procedures of:

firmly attaching a peripheral fiducial screen to said image detector, in front of said image detector, in a non-real-
time mode of operation of a system operating according to said method, said peripheral fiducial screen including
a plurality of peripheral fiducials, every group of said peripheral fiducials being complementary to the rest of
said peripheral fiducials in said group;

acquiring at least one reference image of said body region of interest, by said image detector in said non-real-
time mode of operation of said system, at a reference position of said moving imager, at each physical zoom
setting of said image detector, and at each image detector region of interest setting of said image detector,
each of said at least one reference image including a plurality of peripheral fiducial images of said peripheral
fiducials, at a periphery of said at least one reference image; and

determining a viewing position transformation model respective of a viewing position of said image detector, in
a real-time mode of operation of said system, according to a first set of coordinates of said peripheral fiducials
in said at least one reference image, and according to a second set of coordinates of said peripheral fiducials,
in a real-time image of said body region of interest acquired by said image detector.

12. The method according to claim 11, wherein said procedure of determining said optical coordinates of said tip of said
medical device, is performed furthermore according to said viewing position transformation model.

13. The method according to claim 11, further comprising the procedures of:

determining a set of image rotation correction models respective of said first set of coordinates, in each of said
at least one reference image, in a non-real-time mode of operation of said system;

constructing a logical relationship between each image rotation correction model of said set of image rotation
correction models, and said respective first set of coordinates, in said non-real-time mode of operation of said
system;

determining an image rotation correction model corresponding to said second set of coordinates, according to
said logical relationship, in a real-time mode of operation of said system; and

performing said procedure of determining said two-dimensional optical coordinates of said tip of said medical
device, furthermore according to said image rotation correction model.

14. The method according to claim 11, further comprising the procedures of:

determining a set of image flip correction models respective of said first set of coordinates, in each of said at
least one reference image, in a non-real-time mode of operation of said system;

constructing a logical relationship between each image flip correction model of said set of image rotation cor-
rection models, and said respective first set of coordinates, in said non-real-time mode of operation of said
system;

determining an image flip correction model corresponding to said second set of coordinates, according to said
logical relationship, in a real-time mode of operation of said system; and

performing said procedure of determining said two-dimensional optical coordinates of said tip of said medical
device, furthermore according to said image flip correction model.

15. The method according to claim 1, further comprising the procedures of:

determining a plurality of viewing position distortion models corresponding to respective ones of a plurality of
viewing position values of said image detector, in a non-real-time mode of operation of a system operating
according to said method,

constructing a first logical relationship between said viewing position distortion models, and said respective
viewing position values, in said non-real-time mode of operation of said system;

receiving information respective of a viewing position value of said image detector, from a user interface, in a
real-time mode of operation of said system; and

determining a viewing position distortion model corresponding to said viewing position value, according to said
first logical relationship, in said real-time mode of operation of said system.

16. The method according to claim 15, wherein said procedure of determining said two-dimensional optical coordinates
of said tip of said medical device, is performed furthermore according to said viewing position transformation model.
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17. The method according to claim 15, further comprising the procedures of:

determining a plurality of image rotation correction models corresponding to respective ones of a plurality of
image rotation values of another image of said body region of interest, in said non-real-time mode of operation
of said system,

constructing a second logical relationship between said image rotation correction models and said respective
image rotation values, in said non-real-time mode of operation of said system;

receiving information respective of an image rotation value of said image, from a user interface, in a real-time
mode of operation of said system; and

determining an image rotation correction model corresponding to said image rotation value, according to said
second logical relationship, in said real-time mode of operation of said system.

18. The method according to claim 15, further comprising the procedures of:

determining a plurality of image flip correction models corresponding to respective ones of a plurality of image
flip values of anotherimage of said body region of interest, in said non-real-time mode of operation of said system,
constructing a second logical relationship between said image flip correction models and said respective image
flip values, in said non-real-time mode of operation of said system;

receiving information respective of an image flip value of said image, from a user interface, in a real-time mode
of operation of said system; and

determining an image flip correction model corresponding to said image flip value, according to said second
logical relationship, in said real-time mode of operation of said system.

19. The method according to claim 1, further comprising the procedures of:

firmly attaching a peripheral fiducial screen to said image detector, in front of said image detector, in a non-real-
time mode of operation of a system operating according to said method, said peripheral fiducial screen including
a plurality of peripheral fiducials, every group of said peripheral fiducials being complementary to the rest of
said peripheral fiducials in said group;

acquiring at least one reference image of said body region of interest, by said image detector in said non-real-
time mode of operation of said system, at a reference position of said moving imager, at each physical zoom
setting of said image detector, and at each image detector region of interest setting of said image detector,
each of said at least one reference image including a plurality of peripheral fiducial images of said peripheral
fiducials, at a periphery of said at least one reference image;

determining a plurality of viewing position transformation models corresponding to respective ones of a plurality
of viewing position values of said image detector, in a non-real-time mode of operation of a system operating
according to said method, according to fiducial image coordinates of said peripheral fiducials in respective ones
of said at least one reference image, and according to actual coordinates of said peripheral fiducials;
constructing a first logical relationship between said viewing position transformation models, and said respective
viewing position values, in said non-real-time mode of operation of said system;

receiving information respective of a viewing position value of said image detector, from said image detector,
in a real-time mode of operation of said system; and

determining a viewing position transformation model corresponding to said viewing position value, according
to said first logical relationship, in said real-time mode of operation of said system.

20. The method according to claim 19, wherein said procedure of determining said two-dimensional optical coordinates
of said tip of said medical device, is performed furthermore according to said viewing position transformation model.

21. The method according to claim 19, further comprising the procedures of:

determining a plurality of image rotation correction models corresponding to respective ones of a plurality of
image rotation values of another image of said body region of interest, in said non-real-time mode of operation
of said system;

constructing a second logical relationship between said image rotation correction models and said respective
image rotation values, in said non-real-time mode of operation of said system;

receiving information respective of an image rotation value of said image, from said image detector, in a real-
time mode of operation of said system; and

determining an image rotation correction model corresponding to said image rotation value, according to said
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second logical relationship, in said real-time mode of operation of said system.

22. The method according to claim 19, further comprising the procedures of:

determining a plurality of image flip correction models corresponding to respective ones of a plurality of image
flip values of anotherimage of said body region of interest, in said non-real-time mode of operation of said system;
constructing a second logical relationship between said image flip correction models and said respective image
flip values, in said non-real-time mode of operation of said system;

receiving information respective of an image flip value of said image, from said image detector, in a real-time
mode of operation of said system; and

determining an image flip correction model corresponding to said image flip value, according to said second
logical relationship, in said real-time mode of operation of said system.

23. The method according to claim 1, further comprising the preliminary procedures of:

firmly attaching a peripheral fiducial screen to said image detector, in front of said image detector, in a non-real-
time mode of operation of a system operating according to said method, said peripheral fiducial screen including
a plurality of peripheral fiducials, every group of said peripheral fiducials being complementary to the rest of
said peripheral fiducials in said group;

acquiring at least one reference image of said body region of interest, by said image detector in said non-real-
time mode of operation of said system, at a reference position of said moving imager, at each physical zoom
setting of said image detector, and at each image detector region of interest of said image detector, each of
said at least one reference image including a plurality of peripheral fiducial images of said peripheral fiducials,
at a periphery of said at least one reference image; and

determining an image rotation correction model respective of an image rotation value of said image, in a real-
time mode of operation of said system, according to a first set of coordinates of said peripheral fiducials in said
at least one reference image, and according to a second set of coordinates of said peripheral fiducials, in said
image.

24. The method according to claim 23, wherein said procedure of determining said two-dimensional optical coordinates
of said tip of said medical device, is performed furthermore according to said image rotation correction model.

25. The method according to claim 1, further comprising the preliminary procedures of:

firmly attaching a peripheral fiducial screen to said image detector, in front of said image detector, in a non-real-
time mode of operation of a system operating according to said method, said peripheral fiducial screen including
a plurality of peripheral fiducials, every group of said peripheral fiducials being complementary to the rest of
said peripheral fiducials in said group;

acquiring at least one reference image of said body region of interest, by said image detector in said non-real-
time mode of operation of said system, at a reference position of said moving imager, at each physical zoom
setting of said image detector, and at each image detector region of interest of said image detector, each of
said at least one reference image including a plurality of peripheral fiducial images of said peripheral fiducials,
at a periphery of said at least one reference image; and

determining an image flip correction model respective of an image rotation value of said image, in a real-time
mode of operation of said system, according to a first set of coordinates of said peripheral fiducials in said at
least one reference image, and according to a second set of coordinates of said peripheral fiducials, in said image.

26. The method according to claim 25, wherein said procedure of determining said two-dimensional optical coordinates
of said tip of said medical device, is performed furthermore according to said image flip correction model.

27. The method according to claim 1, further comprising the procedures of:

determining a plurality of image rotation correction models corresponding to respective ones of a plurality of
image rotation values of another image of said body region of interest, in said non-real-time mode of operation
of said system;

constructing a logical relationship between said image rotation correction models and said respective image
rotation values, in said non-real-time mode of operation of said system;

receiving information respective of an image rotation value of said image, from a user interface, in a real-time
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mode of operation of said system; and
determining an image rotation correction model corresponding to said image rotation value, according to said
logical relationship, in said real-time mode of operation of said system.

The method according to claim 1, further comprising the procedures of:

determining a plurality of image flip correction models corresponding to respective ones of a plurality of image
flip values of anotherimage of said body region of interest, in said non-real-time mode of operation of said system;
constructing a logical relationship between said image flip correction models and

said respective image flip values, in said non-real-time mode of operation of said system;

receiving information respective of an image flip value of said image, from a user interface, in a real-time mode
of operation of said system; and

determining an image flip correction model corresponding to said image flip value, according to said logical
relationship, in said real-time mode of operation of said system.

The method according to claim 1, further comprising the procedures of:

determining a plurality of image rotation correction models corresponding to respective ones of a plurality of
image rotation values of another image of said body region of interest, in said non-real-time mode of operation
of said system;

constructing a logical relationship between said image rotation correction models and said respective image
rotation values, in said non-real-time mode of operation of said system;

receiving information respective of an image rotation value of said image, from said image detector, in a real-
time mode of operation of said system; and

determining an image rotation correction model corresponding to said image rotation value, according to said
logical relationship, in said real-time mode of operation of said system.

The method according to claim 1, further comprising the procedures of:

determining a plurality of image flip correction models corresponding to respective ones of a plurality of image
flip values of anotherimage of said body region of interest, in said non-real-time mode of operation of said system;
constructing a logical relationship between said image flip correction models and

said respective image flip values, in said non-real-time mode of operation of said system;

receiving information respective of an image flip value of said image, from said image detector, in a real-time
mode of operation of said system; and

determining an image flip correction model corresponding to said image flip value, according to said logical
relationship, in said real-time mode of operation of said system.

The method according to claim 1, wherein each of said representation and said image is real-time.

The method according to claim 1, wherein said representation is real-time and said image is acquired previously.
The method according to claim 1, wherein said representation is acquired previously and said image is real-time.
The method according to claim 1, wherein each of said representation and said image is acquired previously.

System for displaying a representation of the tip of a medical device located within a body region of interest of a
patient, on an image of the body region of interest, the image being acquired by an image detector of a moving
imager, the system comprising:

at least one magnetic field generator firmly coupled with a moving portion of said moving imager, said at least
one magnetic field generator producing a magnetic field at said body region of interest;

a medical device medical positioning system (MPS) sensor coupled with said tip of said medical device, said
medical device MPS sensor detecting said magnetic field;

an MPS coupled with said at least one magnetic field generator and with said medical device MPS sensor, said
at least one magnetic field generator being associated with an MPS coordinate system respective of said MPS,
said MPS determining MPS coordinates of said medical device MPS sensor, according to an output of said
medical device MPS sensor; and
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a processor coupled with said MPS, said processor determining two-dimensional coordinates of said tip of said
medical device located within said body region of interest, according to a physical zoom setting of said image
detector respective of said image, according to a set of intrinsic and extrinsic parameters respective of said
image detector, according to a selected image detector region of interest setting of said image detector, and
according to said MPS coordinates of said medical device MPS sensor, said processor superimposing a rep-
resentation of said tip of said medical device, on said image, according to said two-dimensional coordinates.

The system according to claim 35, further comprising a user interface coupled with said processor, said user interface
receiving an input from a user.

The system according to claim 36, wherein said input is selected from the list consisting of:

rotation angle of said image;
flip type of said image; and
viewing position value of said image detector.

The system according to claim 35, further comprising a display coupled with said processor, said display displaying
a superposition of said representation on said image.

The system according to claim 35, further comprising a full span fiducial screen coupled with said image detector,
in front of said image detector, in an off-line mode of operation of said system, said full span fiducial screen including
a plurality of fiducials, every group of said fiducials being complementary to the rest of said fiducials in said group,
said processor determining a scale function between differentimage detector regions of interest, according to fiducial
image coordinates of said fiducials, in a plurality of fiducial images acquired by said image detector, from said full
span fiducial screen, at said different image detector regions of interest, and at at least one physical zoom setting
of said image detector, and according to actual coordinates of said fiducials.

The system according to claim 35, further comprising a peripheral fiducial screen located in a field of view of said
image detector, in a non-real-time mode of operation of said system, said peripheral fiducial screen including a
plurality of peripheral fiducials, every group of said peripheral fiducials being complementary to the rest of said
peripheral fiducials in said group, said image detector acquiring at least one reference image of said body region
of interest, in said non-real-time mode of operation of said system, at a reference position of said moving imager,
at each physical zoom setting of said image detector, and at each image detector region of interest setting of said
image detector, each of said at least one reference image including a plurality of peripheral fiducial images of said
peripheral fiducials, at a periphery of said at least one reference image,

wherein said processor determines a viewing position transformation model respective of a selected viewing position
of said image detector, in a real-time mode of operation of said system, according to a first set of coordinates of
said peripheral fiducials in said at least one reference image, and according to a second set of coordinates of said
peripheral fiducials, in said image.

The system according to claim 40, further comprising a database coupled with said processor, wherein said processor
determines a plurality of image rotation correction models, respective of respective ones of a plurality of image
rotation values of said at least one reference image, according to said first set of coordinates, in said non-real-time
mode of operation of said system,

wherein said processor constructs a logical relationship between said image rotation correction models, and said
image rotation values, in said non-real-time mode of operation of said system,

wherein said processor stores said logical relationship in said database,

wherein said processor determines an image rotation correction model corresponding to a selected image rotation
value of said image, in said real-time mode of operation of said system, by incorporating said second set of coordinates
in said logical relationship, and

wherein said processor determines said two-dimensional optical coordinates of said tip of said medical device,
furthermore according to said image rotation correction model.

The system according to claim 40, further comprising a database coupled with said processor, wherein said processor
determines a plurality of image flip correction models, respective of respective ones of a plurality of image flip values
of said at least one reference image, according to said first set of coordinates, in said non-real-time mode of operation
of said system,

wherein said processor constructs a logical relationship between said image flip correction models, and said image
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flip values, in said non-real-time mode of operation of said system,

wherein said processor stores said logical relationship in said database,

wherein said processor determines an image flip correction model corresponding to a selected image flip value of
said image, in said real-time mode of operation of said system, by incorporating said second set of coordinates in
said logical relationship, and

wherein said processor determines said two-dimensional optical coordinates of said tip of said medical device,
furthermore according to said image flip correction model.

The system according to claim 35, further comprising:

a peripheral fiducial screen located in a field of view of said image detector, in a non-real-time mode of operation
of said system, said peripheral fiducial screen including a plurality of peripheral fiducials, every group of said
peripheral fiducials being complementary to the rest of said peripheral fiducials in said group, said image detector
acquiring at least one reference image of said body region of interest, in said non-real-time mode of operation
of said system, at a reference position of said moving imager, at each physical zoom setting of said image
detector, and at each image detector region of interest setting of said image detector, each of said at least one
reference image including a plurality of peripheral fiducial images of said peripheral fiducials, at a periphery of
said at a database coupled with said processor, wherein said processor determines a plurality of viewing position
transformation models corresponding to respective ones of a plurality of viewing position values of said image
detector, in a non-real-time mode of operation of said system, according to fiducial image coordinates of said
peripheral fiducials in respective ones of said at least one reference image, and according to actual coordinates
of said peripheral fiducials;

wherein said processor constructs a first logical relationship between said viewing position transformation models,
and said respective viewing position values, in said non-real-time mode of operation of said system,

wherein said processor receives information respective of a viewing position value of said image detector, from a
user interface, in a real-time mode of operation of said system; and

wherein said processor determines a viewing position transformation model corresponding to said viewing position
value, according to said first logical relationship, in said real-time mode of operation of said system.

The system according to claim 35, further comprising a position detector coupled with said moving imager and with
said processor, said processor determining a position of said moving imager according to an output of said position
detector.

The system according to claim 35, further comprising a reference MPS sensor fixed at a reference location, said
reference MPS sensor being coupled with said MPS, said MPS determining a position of said moving imager
according to an output of said reference MPS sensor.

The system according to claim 35, further comprising an image detector MPS sensor coupled with said image
detector and with said MPS, said moving imager including an emitter located on an opposite side of said patient
relative to the location of said image detector, said emitter emitting radiation toward said image detector along a
radiation axis, said MPS determining a position of said image detector along said radiation axis, according to an
output of said image detector MPS sensor.

The system according to claim 35, further comprising a patient body MPS sensor firmly coupled with the body of
said patient and with said MPS, said MPS determining a viewing position value of said image detector relative to
said body, according to an output of said patient body MPS sensor, said processor compensating for the movements
of said patient, and of said moving imager, while said processor processes data respective of images which said
image detector detects.

The method according to claim 35, wherein each of said representation and said image is real-time.

The method according to claim 35, wherein said representation is real-time and said image is acquired previously.

The method according to claim 35, wherein said representation is acquired previously and said image is real-time.

The method according to claim 35, wherein each of said representation and said image is acquired previously.
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The system according to claim 35, wherein said image detector is an image intensifier.
The system according to claim 35, wherein said image detector is a flat detector.
The system according to claim 35, wherein said magnetic field generators are coupled with said image detector.

The system according to claim 35, wherein said moving imager includes an emitter located on an opposite side of
said patient relative to the location of said image detector, said emitter emitting radiation toward said image detector,
said magnetic field generators being coupled with said emitter.

The system according to claim 35, wherein said moving imager is a computer assisted tomography (CAT) machine,
said CAT including a CAT image detector and a CAT emitter, said CAT emitter being located on an opposite side
of said patient relative to the location of said CAT image detector, said CAT emitter emitting radiation toward said
CAT image detector, said magnetic field generators being coupled with said CAT image detector.

The system according to claim 35, wherein said moving imager operates according to a principle selected from the
list consisting of:

X-rays;

nuclear magnetic resonance;
elementary particle emission; and
thermography.

The system according to claim 35, wherein said medical device is selected from the list consisting of:

balloon catheter;

stent carrying catheter;

medical substance dispensing catheter;

suturing catheter:

guidewire;

ablation unit;

brachytherapy unit;

intravascular ultrasound catheter;

lead of a cardiac rhythm treatment device;

lead of an intra-body cardiac defibrillator device;
guiding device of a lead of a cardiac rhythm treatment device;
guiding device of a lead of an intra-body cardiac device;
valve treatment catheter;

valve implantation catheter;

intra-body ultrasound catheter;

intra-body computer tomography catheter;
therapeutic needle;

diagnostic needle;

gastroenterology device;

orthopedic device;

neurosurgical device;

intra-vascular flow measurement device;
intra-vascular pressure measurement device;
intra-vascular optical coherence tomography device;
intra-vascular near infrared spectroscopy device;
intra-vascular infrared device; and
otorhinolaryngology precision surgery device.
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