
Note: Within nine months of the publication of the mention of the grant of the European patent in the European Patent
Bulletin, any person may give notice to the European Patent Office of opposition to that patent, in accordance with the
Implementing Regulations. Notice of opposition shall not be deemed to have been filed until the opposition fee has been
paid. (Art. 99(1) European Patent Convention).

Printed by Jouve, 75001 PARIS (FR)

(19)
E

P
1 

77
9 

78
6

B
1

��&������������
(11) EP 1 779 786 B1

(12) EUROPEAN PATENT SPECIFICATION

(45) Date of publication and mention 
of the grant of the patent: 
24.09.2008 Bulletin 2008/39

(21) Application number: 06255545.3

(22) Date of filing: 27.10.2006

(51) Int Cl.:
A61B 8/12 (2006.01) A61B 19/00 (2006.01)

(54) Apparatus and method for ultrasound catheter calibration

Gerät und Verfahren zur Kalibrierung von Ultraschallkathetern

Dispositf et procédé pour l’étalonnage des cathéters à ultrason

(84) Designated Contracting States: 
AT BE BG CH CY CZ DE DK EE ES FI FR GB GR 
HU IE IS IT LI LT LU LV MC NL PL PT RO SE SI 
SK TR

(30) Priority: 28.10.2005 US 263066

(43) Date of publication of application: 
02.05.2007 Bulletin 2007/18

(73) Proprietor: Biosense Webster, Inc.
Diamond Bar, CA 91765 (US)

(72) Inventors:  
• Altmann, Andres Claudio

Haifa 34614 (IL)
• Govari, Assaf

Haifa 34400 (IL)

(74) Representative: Tunstall, Christopher Stephen et 
al
Carpmaels & Ransford 
43-45 Bloomsbury Square
London WC1A 2RA (GB)

(56) References cited:  
EP-A- 1 481 637 WO-A2-20/05084551



EP 1 779 786 B1

2

5

10

15

20

25

30

35

40

45

50

55

Description

FIELD OF THE INVENTION

[0001] The present invention relates generally to ultra-
sound imaging systems, and specifically to devices and
methods for calibration of ultrasound probes.

BACKGROUND OF THE INVENTION

[0002] EP-A-1 481 637 describes apparatus and meth-
ods for calibrating a probe having a position sensor and
an ultrasonic transducer. The apparatus includes a test
fixture, which includes an ultrasonic target disposed
therein at a known position. A computer receives a po-
sition signal generated by the position sensor while the
transducer is in alignment with the ultrasonic target. The
computer thus determines the orientation of the probe in
a frame of reference of the test fixture and determines
calibration data for the probe responsive to the orienta-
tion of the probe.
[0003] Various methods are known in the art for cali-
brating position sensors. For example, U.S. Patents
6,266,551 and 6,370,411 describe methods and appa-
ratus for calibrating a probe comprising a magnetic po-
sition sensor. The calibration is used to measure and
compensate for variations in the positions, orientations
and gains of magnetic sensor coils in the probe. To cal-
ibrate the probe, a mechanical jig holds the probe in one
or more predetermined positions and orientations, and
radiators generate known, substantially uniform magnet-
ic fields in the vicinity of the jig. Signals generated by the
coils are analyzed and used to produce calibration data
regarding the gains of the coils and deviations of the coils
from orthogonality.
[0004] Other methods for calibrating ultrasound imag-
ers with position sensors are also known in the art. For
example, U.S. Patent 6,138,495 describes a method and
apparatus for calibrating a position measuring compo-
nent on an imaging or scanning transducer with respect
to the scanning plane. Calibrations are performed by us-
ing a calibrating device including an additional position
measuring component, such that during the calibration
process, the relative position of between these position
measuring components can be calculated. Calibrations
are also performed by viewing targets in the scanning
plane that are at a known position with respect to the
additional position measuring component.
[0005] As another example, U.S. Patent 6,585,561 de-
scribes a calibration unit for calibrating an ultrasound
head. The calibration unit is configured to receive the
ultrasound head in a known position and orientation with
respect to a reference portion of the calibration unit. The
calibration unit allows the calibration of a coordinate sys-
tem of markers associated with the ultrasound device.
Echoes received from the reference portion can be used
to calibrate, for example, an offset between the ultra-
sound head and the reference portion. The calibration

unit is preferably formed of a material in which the sound
velocity is known, such as a suitable plastic with a hole
having a diameter to receive the ultrasound device. Dur-
ing calibration, echoes are received from the interface of
the bottom of the calibration unit and the surrounding
medium, which is preferably air. The echo can be used
to calculate an offset from the ultrasound device head to
the interface.

SUMMARY OF THE INVENTION

[0006] Embodiments of the present invention provide
improved apparatus and methods for calibrating the po-
sition and orientation of an ultrasound imaging device
with respect to a probe containing the device. These em-
bodiments permit the tilt and offset of the imaging device
to be determined accurately relative to the body of the
probe.
[0007] In some embodiments of the present invention,
the probe comprises a position sensor, such as a mag-
netic position sensor. The determination of tilt and offset
of the imaging device are combined with calibration of
the position sensor in order to calibrate the position and
orientation of the ultrasound beam plane relative to the
coordinate frame of the position sensor. Ultrasound im-
ages captured by the probe may then be precisely reg-
istered with the fixed, three-dimensional frame of refer-
ence that is provided by the position sensing system.
[0008] There is therefore provided, in accordance with
the present invention, a method for calibrating an ultra-
sound probe having a beam plane according to claim 1.
[0009] In some embodiments, the probe includes a po-
sition sensor, and the method includes calibrating the
position sensor so as to determine calibration factors for
use in computing coordinates applicable to ultrasound
images formed by the probe based on readings of the
position sensor. Optionally, the method includes verifying
the calibration factors by the steps of calculating, using
the calibration factors, a first displacement between the
probe and a feature appearing in one of the images
formed by the probe while the probe is in a first position;
moving the probe to a second position in which the probe
contacts the feature; determining, using the position sen-
sor, a second displacement between the first and second
positions of the probe; and comparing the first and sec-
ond displacements.
[0010] There is also provided, in accordance with the
present invention, a method for calibrating an ultrasound
probe having a beam plane according to claim 4.
[0011] There is also provided, in accordance with the
present invention, apparatus for calibrating an ultrasound
probe having a beam plane according to claim 7.
[0012] There is additionally provided, in accordance
with an embodiment of the present invention, apparatus
for calibrating an ultrasound probe having a beam plane
according to claim 9.
[0013] The present invention will be more fully under-
stood from the following detailed description of the em-
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bodiments thereof, taken together with the drawings in
which:

BRIEF DESCRIPTION OF THE DRAWINGS

[0014]

Fig. 1 is a schematic, pictorial illustration of a cath-
eter-based system for ultrasonic imaging, in accord-
ance with an embodiment of the present invention;
Fig. 2 is a flow chart that schematically illustrates a
method for calibrating an ultrasound probe, in ac-
cordance with an embodiment of the present inven-
tion;
Fig. 3 is a schematic, pictorial illustration of a system
for aligning an ultrasound probe, in accordance with
an embodiment of the present invention;
Fig. 4 is a schematic representation of an ultrasound
image formed by a probe in the system of Fig. 3, in
accordance with an embodiment of the present in-
vention;
Fig. 5A is a schematic, pictorial illustration of a fixture
for calibrating an ultrasound probe, not in accord-
ance with another embodiment of the present inven-
tion;
Fig. 5B is a schematic representation of an ultra-
sound image formed by a probe in the fixture of Fig.
5A, not in accordance with an embodiment of the
present invention; and
Figs. 6A and 6B are schematic side views of a ultra-
sound probe, illustrating successive stages in a pro-
cedure for verifying proper calibration of the probe,
in accordance with an embodiment of the present
invention.

DETAILED DESCRIPTION OF EMBODIMENTS

[0015] Fig. 1 is a schematic, pictorial illustration of an
ultrasonic imaging system 20 comprising an elongate
probe, such as a catheter 22, for insertion into the body
of a patient, in accordance with an embodiment of the
present invention. System 20 comprises a console 24,
which typically comprises a computer with suitable signal
processing and user interface circuits. This console re-
ceives and processes signals from catheter 22, as de-
scribed hereinbelow. Typically, the console enables a
user to observe and regulate the functions of catheter 20
and displays images that are formed using the catheter.
Catheter 20 typically includes a handle 26 for controlling
operation of the catheter by the user. The handle or a
connector coupling the catheter to console 24 may com-
prise a microcircuit for storing calibration data, as de-
scribed in the above-mentioned U.S. Patent 6,266,551,
for example.
[0016] A distal end 28 of catheter 22 comprises an ul-
trasound imaging device 32, which is used to produce
ultrasound images of the inside of the body. An enlarged,
cross-sectional view of distal end 28 is shown in the inset

in Fig. 1. Ultrasound imaging device 32 typically compris-
es a phased array of transducers 34, which is operated,
as is known in the art, so as to create a two-dimensional
image "fan" 38 in the plane of the scanning ultrasonic
beam (referred to herein as the "beam plane"), which
contains the longitudinal axis of the catheter (identified
as the Z-axis in the figures). The transducers receive
ultrasonic waves that are reflected from objects in the
beam plane and output signals in response to the reflect-
ed waves. Typically, these signals are processed by con-
sole 24 in order form and display ultrasound images. Al-
ternatively or additionally, ultrasound transducers 34
may be used for other diagnostic purposes, such as Dop-
pler measurements, or for therapeutic uses.
[0017] Distal end 28 of catheter 22 further comprises
a position sensor 30, which generates signals that indi-
cate the position and orientation of the catheter within
the body. Based on these position signals, console 24
determines the location and orientation of each fan image
captured by imaging device 32. The console is thus able
to determine the coordinates of objects appearing in the
fan image, as well as to combine multiple images cap-
tured at different catheter positions.
[0018] Position sensor 30 is typically adjacent to im-
aging device 32 in a fixed positional and orientational
relationship. In some embodiments, the position sensor
comprises one or more coils, which produce signals in
response to a magnetic field generated by a field gener-
ator outside the patient’s body. The signals are analyzed
by console 24 in order to determine position and orien-
tation coordinates of distal end 28. This sort of magnetic
position sensing is described in detail, for example, in
the above-mentioned U.S. Patent 6,266,551. Other ex-
emplary systems that combine ultrasonic imaging with
magnetic position sensing are described in U.S. Patents
6,690,963, 6,716,166 and 6,773,402.
[0019] Alternatively, catheter 22 may comprise any
other suitable type of position sensor known in the art.
For example, position sensor 30 may comprise other
types of field sensing devices, such as a Hall Effect sen-
sor. Alternatively, sensor 30 may generate magnetic
fields, which are detected by sensing antennas outside
the body. Further alternatively, position sensor 30 may
operate by measuring impedance of the body to electrical
signals or by transmitting or receiving ultrasonic position
signals. The principles of the present invention are ap-
plicable to substantially any position sensing technology
that can be implemented in a medical probe.
[0020] As shown in Fig. 1, due to physical constraints
in the construction of catheter 22, position sensor 30 and
ultrasound image device 32 are both located in catheter
22 at certain respective distances from the distal tip of
the catheter. The actual position and orientation of fan
38 is computed by taking into account the distance be-
tween the position sensor and the ultrasound imaging
device. It has been found empirically that because of de-
viations in the process of manufacturing catheter 22, this
distance typically varies from one catheter to another.
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Furthermore, the axes of the position sensor and of the
ultrasonic transducer array in imaging device 32 may not
be precisely aligned with the Z-axis or with one another
other, thereby introducing additional variation in deter-
mining the orientation of fan 38. These and other sources
of alignment variation are described in greater detail in
the above-mentioned Patent Application Publication US
2004/0254458 A1. If not corrected, the alignment varia-
tion will cause errors in determining the position coordi-
nates of objects appearing in image fan 38.
[0021] Fig. 2 is a flow chart that schematically illus-
trates a method for calibrating an ultrasonic probe, such
as catheter 22, in order to correct for alignment variations,
in accordance with an embodiment of the present inven-
tion. Initially, the catheter is mechanically aligned in a
fixture (also referred to herein as a jig), at a transducer
alignment step 42. Exemplary fixtures that may be used
for this purpose are shown in the figures that follow. The
purpose of this step is to manipulate the position and
orientation of distal end 28 in a controlled manner so as
to bring ultrasound imaging device 32 into alignment with
a fixed external coordinate system. In other words, the
catheter is translated and rotated in the fixture until fan
38 is in the desired location and orientation. Typically,
the catheter is manipulated in step 42 so that fan 38 is
aligned in the Y-Z plane (with respect to the coordinate
system shown in Fig. 1) and is centered longitudinally at
the origin of the XYZ coordinates.
[0022] Once the catheter has been properly positioned
and oriented at step 42, position sensor 30 is calibrated,
at a sensor calibration step 44. During step 44, the cath-
eter is fixed relative to the fixture in the aligned position
and orientation that were determined at step 42. In em-
bodiments in which sensor 30 is a magnetic position sen-
sor, magnetic fields of known magnitude and direction
are applied to the catheter, and the signals generated by
the sensor are measured in order to compute calibration
factors. This step is described in detail in the above-men-
tioned U.S. Patent 6,266,551 and Patent Application
Publication US 2004/0254458 A1, for example. During
step 44, catheter 22 is typically fixed in the aligned posi-
tion and orientation that were determined at step 42. Al-
ternatively, the catheter may be shifted and/or rotated by
a known amount.
[0023] Alternatively, the order of steps 42 and 44 may
be reversed. In other words, position sensor 30 may first
be calibrated at step 44. Then, when the catheter is
aligned in the fixture at the conclusion of step 42, the
location and orientation coordinates of catheter 22 are
read out using position sensor 30.
[0024] Based on the results of steps 42 and 44 (in
whichever order the steps are carried out), calibration
factors are determined for imaging device 32, at a trans-
ducer calibration step 46. The calibration factors indicate
the actual location and orientation of fan 38 as a function
of the magnetic field signals generated by position sensor
30. These calibration factors are used subsequently by
console 24 in determining the correct position and orien-

tation of fan 38, based on position readings provided by
sensor 30, and in finding the correct position and orien-
tation coordinates of objects seen in the fan image. Op-
tionally, the calibration factors may be verified, as de-
scribed below with reference to Figs. 6A and 6B, for ex-
ample.
[0025] Fig. 3 is a schematic, pictorial illustration of a
system 48 for aligning catheter 22 at step 42, in accord-
ance with an embodiment of the present invention. Sys-
tem 48 comprises an alignment fixture 49, which com-
prises a base 52 and an alignment target 50 made up of
linear elements, such as crosshairs 58. Although three
crosshairs are shown in Fig. 3, the target may alterna-
tively comprise smaller or greater numbers of crosshairs.
Crosshairs 58 may comprise metal wires or any other
suitable ultrasound-reflecting material. Catheter 22 is
held in a mount 56 on base 52 so that distal end 28 of
the catheter is positioned beneath the central crossing
point of wires 58 in the alignment target. Fixture 49 typ-
ically comprises alignment controls (not shown), which
permit catheter 22 to be rotated and translated so as to
align imaging device 32 with the target. During alignment,
fixture 49 and catheter 22 may be immersed in a bath
54, since ultrasound waves generally travel better in fluid
(such as water) than they do in air.
[0026] Fig. 4 is a schematic representation of image
fan 38 that is produced by catheter 22 in fixture 49, in
accordance with an embodiment of the present invention.
Each of crosshairs 58 intersects the plane of image fan
38 at one respective point, so that the crosshairs appear
as dots 60 in the image. When imaging device 32 is per-
fectly aligned with target 50, the plane of fan 38 intersects
the crossing point of the crosshairs, so that dots 60 con-
verge to a single dot in the image. In the example shown
in Fig. 4, however, dots 60 are spread apart, indicating
that catheter 22 is rotationally offset about the Z-axis rel-
ative to target 50. Thus, in order to align catheter 22 with
fixture 49, the catheter is rotated about the Z-axis until
the three dots converge. Typically, to align the catheter,
an operator of system 20 manipulates the catheter in
mount 56 while observing the fan image on the display
of console 24.
[0027] Alternatively or additionally, the alignment at
step 42 may be carried out using signal processing by
console 24. For example, the console may analyze the
amplitudes, envelopes and/or temporal features of the
signals received from imaging device 32 in order to de-
termine whether catheter 22 is properly aligned and, if
not, how the catheter should be adjusted for proper align-
ment. The actual alignment correction may then be per-
formed manually by a human operator or at least semi-
automatically under closed-loop computer control. Al-
though the embodiments described herein refer mainly
to the use of images as alignment aids, the principles of
the present invention may equivalently be implemented
by means of this sort of signal processing, without nec-
essarily forming ultrasound images during alignment.
[0028] In addition, a line drawn through dots 60 in Fig.
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4 is skewed relative to the horizontal, because crosshairs
58 intersect fan 38 at different distances from imaging
device 32. In addition, the distances between the two
side dots and the central dot are not equal. The skew
and unequal dot distances indicate that the axis of the
imaging device is tilted relative to the Z-axis. To correct
the skew, the tilt of catheter 22 in mount 56 is adjusted
until dots 60 form a straight, horizontal line and so that
the distances between the dots are equal. In this situa-
tion, the imaging device is known to be parallel to the Z-
axis, and may then be rotated until dots 60 converge, at
which point the angular alignment of the catheter is com-
plete.
[0029] The displacement of distal end 28 of the cath-
eter may also be adjusted in the X, Y, and Z-directions
so that the dot corresponding to the crossing point of the
crosshairs (when dots 60 have converged) is located on
the center line of fan 38, at a predefined distance from
the origin of the fan. At this point, imaging device 32 is
known to be centered directly below the crossing point
of crosshairs 58, at the desired distance from target 50.
[0030] When adjustment of the position and orientation
of catheter 22 in fixture 49 has been completed, the cath-
eter is fixed in place in mount 56 and is kept clamped in
this position and orientation during calibration of position
sensor 30 at step 44 (Fig. 2). This step may be carried
out with system 48 in situ, i.e., without removing the cath-
eter from bath 54. In other words, assuming sensor 30
to be a magnetic position sensor, for example, system
48 may be located within the magnetic fields of calibration
field generator coils, which are actuated so as to calibrate
sensor 30 without moving catheter 22 at all following step
42. This approach, which is described in the above-men-
tioned Patent Application Publication US 2004/0254458
A1, is advantageous in terms of convenience and accu-
racy of calibration, but requires a large and complex cal-
ibration system.
[0031] Alternatively, in preparation for step 44, fixture
49 may be removed from bath 54 and moved to a sepa-
rate position sensor calibration setup, such as that shown
in the above-mentioned U.S. Patent 6,266,551. This lat-
ter setup is typically configured to accept base 52 so that
the X-Y-Z axes of the position sensor calibration setup
are aligned exactly with those defined by target 50 at step
42. Thus, the position and orientation of imaging device
32 are aligned with the axes of the position sensor cali-
bration setup before the position sensor calibration fac-
tors are determined.
[0032] Reference is now made to Figs. 5A and 5B,
which schematically illustrate another fixture and method
that may be used for alignment of catheter 22 at step 42,
not in accordance with the present invention. Fig. 5A is
a schematic, pictorial illustration of an alignment fixture
64, while Fig. 5B is a schematic representation of image
fan 38 that is produced using fixture 64.
[0033] Fixture 64 comprises a target 66, having a sin-
gle crosshair 68, which is slanted relative to the X-Z
plane. The crosshair appears as a dot 70 in fan 38. The

distance of the dot from the origin of the fan varies de-
pending upon the point at which crosshair 68 intersects
the fan, and thus is indicative of the rotation of imaging
device 32 relative to the Z-axis. To align the imaging de-
vice, catheter 22 is rotated and translated relative to base
52 until dot 70 is located on a central point 72.
[0034] As another alternative embodiment of the in-
vention, not shown in the figures, the alignment target
used at step 42 comprises a slanted planar element, such
as a slanted surface. In this case, the intersection of fan
38 with the surface will appear as a line running across
the fan image. The catheter is aligned until this line in the
image is properly oriented at the desired distance from
the origin of the fan.
[0035] Figs. 6A and 6B are schematic side views of
catheter 22 and of a target 80, illustrating a procedure
for verifying the calibration of imaging device 32, in ac-
cordance with an embodiment of the present invention.
After the calibration procedure of Fig. 2 has been com-
pleted, system 20 can accurately determine three-dimen-
sional coordinates of any feature seen in fan images pro-
duced by catheter 22. To test the accuracy of the cali-
bration, catheter 22 is used to form an image of target
80, as shown in Fig. 6A. The target may be an ultrasound
phantom, for example. The coordinates of the catheter
are determined using the readings provided by position
sensor 30. A feature, such as a corner 82 of the phantom,
is identified in the ultrasound image, and console 24 de-
termines the displacement of the corner in the image rel-
ative to the origin of fan 38.
[0036] Next, as shown in Fig. 6B, catheter 22 is moved
so that it touches corner 82. The displacement of the
catheter in this location is computed relative to the loca-
tion of Fig. 6A, using the coordinate readings provided
by position sensor 30. This coordinate displacement is
compared to the previously-determined image feature
displacement of the corner relative to the origin of the
fan. If system 20 is calibrated correctly, the two displace-
ment values will be equal. Other comparative tests of
image feature displacement relative to coordinate sens-
ing displacement may similarly be used for this purpose.
[0037] Although the embodiments described above
make reference specifically to catheter 22, the principles
of the present invention are equally applicable to other
types of ultrasound probes, including both invasive
probes and probes used outside the body. It will thus be
appreciated that the embodiments described above are
cited by way of example, and that the present invention
is not limited to what has been particularly shown and
described hereinabove.

Claims

1. A method for calibrating an ultrasound probe having
a beam plane, the method comprising:

directing the probe to receive ultrasonic waves

7 8 



EP 1 779 786 B1

6

5

10

15

20

25

30

35

40

45

50

55

reflected from a target comprising a plurality of
linear elements, which cross at a crossing point
and which are arranged to intersect the beam
plane at respective intersection points;
receiving signals from the probe responsively to
the reflected ultrasonic waves; and
aligning the probe by modifying at least one of
a position and an orientation of the probe re-
sponsively to the signals so that the intersection
points occur in a desired location in the beam
plane, wherein aligning the probe comprises:

forming, using the signals, an ultrasound
image in which the intersection points of the
linear elements appear as dots; and
modifying at least one of the position and
the orientation of the probe responsively to
the dots appearing in the image;

wherein modifying the at least one of the position
and the orientation of the probe comprises mod-
ifying the orientation of the probe responsively
to a distance between the dots in the image; and
wherein modifying the orientation comprises ro-
tating the probe so that the dots converge to a
single dot corresponding to the crossing point.

2. The method according to claim 1, wherein the probe
includes a position sensor, and wherein the method
comprises calibrating the position sensor so as to
determine calibration factors for use in computing
coordinates applicable to ultrasound images formed
by the probe based on readings of the position sen-
sor.

3. The method according to claim 2, and comprising
verifying the calibration factors by the steps of:

calculating, using the calibration factors, a first
displacement between the probe and a feature
appearing in one of the images formed by the
probe while the probe is in a first position;
moving the probe to a second position in which
the probe contacts the feature;
determining, using the position sensor, a second
displacement between the first and second po-
sitions of the probe; and
comparing the first and second displacements.

4. A method for calibrating an ultrasound probe having
a beam plane, the method comprising:

directing the probe to receive ultrasonic waves
reflected from a target comprising an object ar-
ranged to intersect the beam plane and to be
slanted relative to the plane;
receiving signals from the probe responsively to
the reflected ultrasonic waves; and

aligning the probe by modifying at least one of
a position and an orientation of the probe re-
sponsively to the signals so that the object in-
tersects the beam plane in a desired location,
wherein aligning the probe comprises:

forming, using the signals, an ultrasound
image in which the object appears as a fea-
ture; and
modifying at least one of the position and
the orientation of the probe responsively to
the feature appearing in the image;

wherein the object comprises a planar element,
and wherein the feature comprises a line.

5. The method according to claim 4, wherein modifying
the at least one of the position and the orientation of
the probe comprises modifying the orientation of the
probe responsively to a distance between the feature
and an origin of the image.

6. The method according to claim 4, wherein the probe
includes a position sensor, and wherein the method
comprises calibrating the position sensor so as to
determine calibration factors for use in computing
coordinates applicable to ultrasound images formed
by the probe based on readings of the position sen-
sor.

7. Apparatus for calibrating an ultrasound probe having
a beam plane, the apparatus comprising:

a console, which is adapted to be coupled to the
probe so as to receive signals from the probe
responsively to ultrasonic waves incident upon
the probe; and
an alignment fixture, comprising:

a target, comprising a plurality of linear el-
ements crossing at a crossing point and ar-
ranged to intersect the beam plane at re-
spective intersection points; and
a mount, which is adapted to hold the probe
while permitting at least one of a position
and an orientation of the probe to be mod-
ified, responsively to the signals received
by the console, so that the intersection
points occur in a desired location in the
beam plane;

wherein the console is operative to display,
based on the signals, an ultrasound image in
which the intersection points of the linear ele-
ments appear as dots, wherein the mount is
adapted to permit at least one of the position
and the orientation of the probe to be modified,
and wherein the mount permits the probe to be
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rotated so that the dots converge to a single dot
corresponding to the crossing point.

8. The apparatus according to claim 7, wherein the
probe includes a position sensor, and wherein the
apparatus comprises a position sensor calibration
setup, which is adapted to determine calibration fac-
tors for use in computing coordinates applicable to
ultrasound images formed by the probe based on
readings of the position sensor.

9. Apparatus for calibrating an ultrasound probe having
a beam plane, the apparatus comprising:

a console, which is adapted to be coupled to the
probe so as to receive signals from the probe
responsively to ultrasonic waves incident upon
the probe; and
an alignment fixture, comprising:

a target, comprising an object arranged to
intersect the beam plane and to be slanted
relative to the plane; and
a mount, which is adapted to hold the probe
while permitting at least one of a position
and an orientation of the probe to be mod-
ified, responsively to the signals received
by the console, so that the object intersects
the beam plane in a desired location;

wherein the console is operative to display,
based on the signals, an ultrasound image such
that the object appears as a feature in the image,
wherein the mount is adapted to permit at least
one of the position and the orientation of the
probe to be modified responsively to the feature
appearing in the image, wherein the object com-
prises a planar element, and wherein the feature
comprises a line.

10. The apparatus according to claim 9, wherein the
probe includes a position sensor, and wherein the
apparatus comprises a position sensor calibration
setup, which is adapted to determine calibration fac-
tors for use in computing coordinates applicable to
ultrasound images formed by the probe based on
readings of the position sensor.

Patentansprüche

1. Verfahren zum Kalibrieren einer Ultraschallsonde,
die eine Strahlebene hat, wobei das Verfahren auf-
weist:

Richten der Sonde derart, dass sie Ultraschall-
wellen empfängt, die von einem Ziel reflektiert
werden, welches eine Vielzahl linearer Elemen-

te aufweist, die sich an einem Übergangspunkt
kreuzen und die so angeordnet sind, dass sie
die Strahlebene an jeweiligen Schnittpunkten
schneiden;
Empfangen von Signalen von der Sonde an-
sprechend auf die reflektierten Ultraschallwel-
len; und
Ausrichten der Sonde, indem wenigstens eines,
eine Position oder eine Ausrichtung der Sonde,
als Antwort auf die Signale so abgeändert wird,
dass die Schnittpunkte an einen gewünschten
Ort in der Strahlebene auftreten, wobei das Aus-
richten der Sonde aufweist:

Bilden, wobei die Signale verwendet wer-
den, eines Ultraschallbildes, bei dem die
Schnittpunkte der linearen Elemente als
Flecken erscheinen; und
Abändern wenigstens eines, der Position
oder der Ausrichtung der Sonde, als Ant-
wort auf die in dem Bild erscheinenden Flek-
ken;

wobei das Modifizieren des wenigstens einen,
der Position oder der Ausrichtung der Sonde,
das Abändern der Ausrichtung der Sonde an-
sprechend auf eine Entfernung zwischen den
Flecken in dem Bild aufweist; und
wobei das Abändern der Ausrichtung das Dre-
hen der Sonde derart, dass die Flecken zu ei-
nem einzelnen Fleck zusammenlaufen, der dem
Übergangspunkt entspricht, aufweist.

2. Verfahren nach Anspruch 1, bei dem die Sonde ei-
nen Positionssensor umfasst und wobei das Verfah-
ren das Kalibrieren des Positionssensors aufweist,
um so Kalibrierfaktoren zur Verwendung beim Be-
rechnen von Koordinaten zu bestimmen, die bei Ul-
traschallbildem verwendbar sind, welche von der
Sonde, basierend auf Ablesewerten des Positions-
sensors gebildet werden.

3. Verfahren nach Anspruch 2 und mit dem Verifizieren
der Kalibrierfaktoren durch die Schritte:

Berechnen, unter Verwendung der Kalibrierfak-
toren, einer ersten Verlagerung zwischen der
Sonde und einem Merkmal, das in einem der
Bilder erscheint, die von der Sonde gebildet wer-
den, während die Sonde in einer ersten Position
ist;
Bewegen der Sonde in eine zweite Position, in
der die Sonde das Merkmal berührt;
Bestimmen, unter Verwendung des Positions-
sensors, einer zweiten Verlagerung zwischen
der ersten und der zweiten Position der Sonde;
und
Vergleichen der ersten und der zweiten Verla-
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gerung.

4. Verfahren zum Kalibrieren einer Ultraschallsonde,
die eine Strahlebene hat, wobei das Verfahren auf-
weist:

Richten der Sonde derart, dass sie Ultraschall-
wellen empfängt, die von einem Ziel reflektiert
werden, welches ein Objekt aufweist, das so an-
geordnet ist, dass es die Strahlebene schneidet
und schräg relativ zu der Ebene liegt;
Empfangen von Signalen von der Sonde als Ant-
wort auf die reflektierten Ultraschallwellen; und
Ausrichten der Sonde durch Abändern wenig-
stens eines, einer Position oder einer Ausrich-
tung der Sonde, als Antwort auf die Signale, so
dass das Objekt die Strahlebene an einem ge-
wünschten Ort schneidet, wobei das Ausrichten
der Sonde aufweist:

Bilden, unter Verwendung der Signale, ei-
nes Ultraschallbildes, in dem das Objekt als
ein Merkmal erscheint; und
Abändern wenigstens eines, der Position
oder der Ausrichtung der Sonde, als Ant-
wort auf das Merkmal, das in dem Bild er-
scheint;

wobei das Objekt ein planares Element aufweist
und wobei das Merkmal eine Linie aufweist.

5. Verfahren nach Anspruch 4, bei dem das Abändern
des wenigstens einen, der Position oder der Aus-
richtung der Sonde, das Abändern der Ausrichtung
der Sonde als Antwort auf eine Entfernung zwischen
dem Merkmal und einem Ursprung des Bildes auf-
weist.

6. Verfahren nach Anspruch 4, bei dem die Sonde ei-
nen Positionssensor umfasst und wobei das Verfah-
ren das Kalibrieren des Positionssensors, um so Ka-
librierfaktoren zur Verwendung beim Berechnen von
Koordinaten zu bestimmen, die bei Ultraschallbil-
dem anwendbar sind, welche von der Sonde, basie-
rend auf den Ablesewerten des Positionssensors
gebildet werden, aufweist.

7. Vorrichtung zum Kalibrieren einer Ultraschallsonde,
die eine Stahlebene hat, wobei die Vorrichtung auf-
weist:

eine Konsole, die dazu ausgelegt ist, mit der
Sonde gekoppelt zu werden, um so Signale von
der Sonde als Antwort auf Ultraschallwellen, die
auf die Sonde auftreffen, zu empfangen; und
ein Ausrichtegestell, das aufweist:

ein Ziel, das eine Vielzahl linearer Elemente

aufweist, die sich in einem Übergangspunkt
kreuzen und so angeordnet sind, dass sie
die Strahlebene an jeweiligen Schnittpunk-
ten schneiden; und
einen Aufbau, der dazu ausgelegt ist, die
Sonde zu halten, während ermöglicht wird,
dass wenigstens eine, eine Position oder
eine Ausrichtung der Sonde abgeändert
wird, als Antwort auf die Signale, die von
der Konsole empfangen worden sind, so
dass die Schnittpunkte an einem ge-
wünschten Ort in der Strahlebene erschei-
nen;

wobei die Konsole derart arbeitet, dass sie, ba-
sierend auf den Signalen, ein Ultraschallbild an-
zeigt, in dem die Schnittpunkte der linearen Ele-
mente als Flecken erscheinen,
wobei der Aufbau so ausgelegt ist, dass ermög-
licht wird, dass wenigstens eines, die Position
oder die Ausrichtung der Sonde, abgeändert
wird, und wobei es der Aufbau ermöglicht, dass
die Sonde gedreht wird, so dass die Flecken in
einen einzigen Fleck zusammenlaufen, der dem
Übergangspunkt entspricht.

8. Vorrichtung nach Anspruch 7, bei der die Sonde ei-
nen Positionssensor umfasst, und
wobei die Vorrichtung eine Kalibriereinrichtung für
den Positionssensor aufweist, die dazu ausgelegt
ist, Kalibrierfaktoren zur Verwendung beim Berech-
nen von Koordinaten zu bestimmen, die bei Ultra-
schallbildern anwendbar sind, welche von der Sonde
basierend auf den Ablesewerten des Positionssen-
sors gebildet werden.

9. Vorrichtung zum Kalibrieren einer Ultraschallsonde,
die eine Strahlebene hat, wobei die Vorrichtung auf-
weist:

eine Konsole, die dazu ausgelegt ist, an die Son-
de gekoppelt zu werden, um so Signale von der
Sonde als Antwort auf Ultraschallwellen, die auf
die Sonde auftreffen, zu empfangen; und
ein Ausrichtegestell, das aufweist:

ein Ziel, welches ein Objekt aufweist, das
so angeordnet ist, dass es die Strahlebene
schneidet und relativ zu der Ebene geneigt
ist; und
einen Aufbau, der dazu ausgelegt ist, die
Sonde zu halten, wobei ermöglicht wird,
dass wenigstens eines, eine Position oder
eine Ausrichtung der Sonde, abgeändert
wird, als Antwort auf die Signale, die von
der Konsole empfangen werden, so dass
das Objekt die Strahlebene an einem ge-
wünschten Ort schneidet;
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wobei die Konsole so arbeitet, dass sie basie-
rend auf den Signalen ein Ultraschallbild derart
anzeigt, dass das Objekt als ein Merkmal in dem
Bild erscheint, wobei der Aufbau so ausgelegt
ist, dass es ermöglicht wird, dass wenigstens
eines, die Position oder die Ausrichtung der
Sonde, als Antwort auf das Merkmal, das in dem
Bild erscheint, abgeändert wird, wobei das Ob-
jekt ein planares Element aufweist und wobei
das Merkmal eine Linie aufweist.

10. Vorrichtung nach Anspruch 9, bei der die Sonde ei-
nen Positionssensor umfasst, und
wobei die Vorrichtung eine Kalibriereinrichtung für
den Positionssensor aufweist, die dazu ausgelegt
ist, Kalibrierfaktoren zur Verwendung beim Berech-
nen von Koordinaten zu bestimmen, die bei Ultra-
schallbildern anwendbar sind, welche von der Sonde
basierend auf Ablesewerten des Positionssensors
gebildet werden.

Revendications

1. Méthode d’étalonnage d’une sonde à ultrasons com-
prenant un plan de faisceau, la méthode
comprenant :

♦ l’orientation de la sonde pour recevoir des on-
des ultrasoniques réfléchies par une cible com-
prenant une pluralité d’éléments linéaires, qui
se croisent au niveau d’un point de croisement
et qui sont agencés pour couper le plan de fais-
ceau au niveau de points d’intersection
respectifs ;
♦ la réception de signaux de la sonde en répon-
se aux ondes ultrasoniques réfléchies ; et
♦ l’alignement de la sonde en modifiant au
moins une parmi une position et une orientation
de la sonde en réponse aux signaux de telle
sorte que les points d’intersection se trouvent à
un emplacement souhaité dans le plan de fais-
ceau, dans lequel l’alignement de la sonde
comprend :

♦ la formation, à l’aide des signaux, d’une
image à ultrasons dans laquelle les points
d’intersection des éléments linéaires appa-
raissent sous la forme de points ; et
♦ la modification d’au moins une parmi la
position et l’orientation de la sonde en ré-
ponse aux points apparaissant dans
l’image ;

♦ dans lequel la modification d’au
moins une parmi la position et l’orien-
tation de la sonde comprend la modifi-
cation de l’orientation de la sonde en

réponse à une distance entre les points
dans l’image ; et
♦ dans lequel la modification de l’orien-
tation comprend la rotation de la sonde
de telle sorte que les points convergent
vers un point unique correspondant au
point de croisement.

2. Méthode selon la revendication 1, dans laquelle la
sonde comprend un capteur de position, et dans la-
quelle la méthode comprend l’étalonnage du capteur
de position afin de déterminer des facteurs d’étalon-
nage utilisés dans le calcul des coordonnées appli-
cables aux images à ultrasons formées par la sonde
en se basant sur les résultats du capteur de position.

3. Méthode selon la revendication 2, et comprenant la
vérification des facteurs d’étalonnage grâce aux éta-
pes consistant à :

♦ calculer, à l’aide des facteurs d’étalonnage,
un premier déplacement entre la sonde et une
fonction apparaissant dans l’une des images
formées par la sonde lorsque la sonde se trouve
dans une première position ;
♦ déplacer la sonde dans une seconde position
dans laquelle la sonde vient en contact avec la
fonction ;

♦ déterminer, à l’aide du capteur de posi-
tion, un second déplacement entre les pre-
mière et seconde positions de la sonde ; et
♦ comparer les premier et second déplace-
ments.

4. Méthode d’étalonnage d’une sonde à ultrasons com-
prenant un plan de faisceau, la méthode
comprenant :

♦ l’orientation de la sonde pour recevoir des on-
des ultrasoniques réfléchies par une cible com-
prenant un objet agencé pour couper le plan de
faisceau et pour être incliné par rapport au plan ;
♦ la réception de signaux de la sonde en répon-
se aux ondes ultrasoniques réfléchies ; et
♦ l’alignement de la sonde en modifiant au
moins une parmi une position et une orientation
de la sonde en réponse aux signaux de telle
sorte que l’objet coupe le plan de faisceau à un
emplacement souhaité, dans lequel l’aligne-
ment de la sonde comprend :

♦ la formation, à l’aide des signaux, d’une
image à ultrasons dans laquelle l’objet ap-
paraît sous la forme d’une fonction ; et
♦ la modification d’au moins une parmi la
position et l’orientation de la sonde en ré-
ponse à la fonction apparaissant dans
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l’image ;

dans lequel l’objet comprend un élément planaire,
et dans lequel la fonction comprend une ligne.

5. Méthode selon la revendication 4, dans laquelle la
modification d’au moins une parmi la position et
l’orientation de la sonde comprend la modification
de l’orientation de la sonde en réponse à une dis-
tance entre la fonction et une origine de l’image.

6. Méthode selon la revendication 4, dans laquelle la
sonde comprend un capteur de position, et dans la-
quelle la méthode comprend l’étalonnage du capteur
de position afin de déterminer des facteurs d’étalon-
nage utilisés dans le calcul des coordonnées appli-
cables aux images à ultrasons formées par la sonde
en se basant sur les résultats du capteur de position.

7. Appareil d’étalonnage d’une sonde à ultrasons com-
prenant un plan de faisceau, l’appareil comprenant :

♦ une console, qui est adaptée pour être asso-
ciée à la sonde afin de recevoir des signaux de
la sonde en réponse aux ondes ultrasoniques
appliquées à la sonde ; et
♦ un dispositif d’alignement, comprenant :

♦ une cible, comprenant une pluralité d’élé-
ments linéaires se croisant au niveau d’un
point de croisement et agencés pour couper
le plan de faisceau au niveau de points d’in-
tersection respectifs ; et
♦ un support, qui est adapté pour contenir
la sonde tout en permettant la modification
d’au moins une parmi une position et une
orientation de la sonde, en réponse aux si-
gnaux reçus par la console, de telle sorte
que les points d’intersection se trouvent à
un emplacement souhaité dans le plan de
faisceau ;

dans lequel la console est utilisée pour afficher, en
se basant sur les signaux, une image à ultrasons
dans laquelle les points d’intersection des éléments
linéaires apparaissent sous forme de points, dans
lequel le support est adapté pour permettre la mo-
dification d’au moins une parmi la position et l’orien-
tation de la sonde, et dans lequel le support permet
de tourner la sonde de telle sorte que les points con-
vergent vers un point unique correspondant au point
de croisement.

8. Appareil selon la revendication 7, dans lequel la son-
de comprend un capteur de position, et dans lequel
l’appareil comprend une configuration d’étalonnage
du capteur de position, qui est adaptée pour déter-
miner des facteurs d’étalonnage utilisés dans le cal-

cul des coordonnées applicables aux images à ul-
trasons formées par la sonde en se basant sur les
résultats du capteur de position.

9. Appareil d’étalonnage d’une sonde à ultrasons com-
prenant un plan de faisceau, l’appareil comprenant :

♦ une console, qui est adaptée pour être asso-
ciée à la sonde afin de recevoir des signaux de
la sonde en réponse aux ondes ultrasoniques
appliquées à la sonde ; et
♦ un dispositif d’alignement, comprenant :

♦ une cible, comprenant un objet agencé
pour couper le plan de faisceau et pour être
incliné par rapport au plan ; et
♦ un support, qui est adapté pour contenir
la sonde tout en permettant la modification
d’au moins une parmi une position et une
orientation de la sonde, en réponse aux si-
gnaux reçus par la console, de telle sorte
que l’objet coupe le plan de faisceau à un
emplacement souhaité ;

dans lequel la console est utilisée pour afficher, en
se basant sur les signaux, une image à ultrasons de
telle sorte que l’objet apparaisse sous forme de fonc-
tion dans l’image, dans lequel le support est adapté
pour permettre la modification d’au moins une parmi
la position et l’orientation de la sonde en réponse à
la fonction apparaissant dans l’image, dans lequel
l’objet comprend un élément planaire, et dans lequel
la fonction comprend une ligne.

10. Appareil selon la revendication 9, dans lequel la son-
de comprend un capteur de position, et dans lequel
l’appareil comprend une configuration d’étalonnage
du capteur de position, qui est adaptée pour déter-
miner des facteurs d’étalonnage utilisés dans le cal-
cul des coordonnées applicables aux images à ul-
trasons formées par la sonde en se basant sur les
résultats du capteur de position.

17 18 



EP 1 779 786 B1

11



EP 1 779 786 B1

12



EP 1 779 786 B1

13



EP 1 779 786 B1

14



EP 1 779 786 B1

15

REFERENCES CITED IN THE DESCRIPTION

This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

• EP 1481637 A [0002]
• US 6266551 B [0003] [0015] [0018] [0022] [0031]
• US 6370411 B [0003]
• US 6138495 A [0004]
• US 6585561 B [0005]

• US 6690963 B [0018]
• US 6716166 B [0018]
• US 6773402 B [0018]
• US 20040254458 A1 [0020] [0022] [0030]



专利名称(译) 用于超声导管校准的装置和方法

公开(公告)号 EP1779786B1 公开(公告)日 2008-09-24

申请号 EP2006255545 申请日 2006-10-27

[标]申请(专利权)人(译) 韦伯斯特生物官能公司

申请(专利权)人(译) 生物传感韦伯斯特，INC.

当前申请(专利权)人(译) 生物传感韦伯斯特，INC.

[标]发明人 ALTMANN ANDRES CLAUDIO
GOVARI ASSAF

发明人 ALTMANN, ANDRES CLAUDIO
GOVARI, ASSAF

IPC分类号 A61B8/12 A61B19/00

CPC分类号 A61B8/12 A61B8/4254 A61B8/587 A61B34/20 A61B2034/2051 A61B2090/378 A61B2090/3784

优先权 11/263066 2005-10-28 US

其他公开文献 EP1779786A1

外部链接 Espacenet

摘要(译)

一种用于校准超声探头的方法包括引导探头接收从目标反射的超声波，
该超声波包括一个或多个线性元件（58），所述线性元件布置成在相应
的交叉点处与探头的光束平面相交。响应于反射的超声波从探针接收信
号，并且通过响应于信号修改探针的位置和取向中的至少一个来对准探
针，使得交叉点出现在束平面中的期望位置处。 。

https://share-analytics.zhihuiya.com/view/824d5e8f-ba39-49f5-a273-45eba2232077
https://worldwide.espacenet.com/patent/search/family/037622336/publication/EP1779786B1?q=EP1779786B1

