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Description

Statement Regarding Federally Sponsored Re-
search and Development

[0001] This invention may be supported by the Depart-
ment of Health and Human Services. The Government
of the United States of America may have certain rights
in the invention disclosed and claimed below.

Reference to Related Applications

[0002] This application claims priority to U.S. Provi-
sional Patent Application No. 60/692,271, filed June 21,
2005.

Field of the Invention

[0003] The invention provides a method for tracking
an ultrasound.

Background

[0004] Ultrasound devices typically include an ultra-
sonic transducer with scan/receive heads, a processing
unit, and a display device. Ultrasonic transducers may
be adapted for special applications such as, for example,
transcutaneous applications, laparoscopic applications,
transrectal applications, endo-cavity probes, vaginal
probes, 2D and 3D phased array probes, and/or other
probes or applications. Laparoscopic ultrasound devices
typically include an ultrasonic transducer with a movable
scan head, a handle, and an apparatus for controlling
the orientation of the scan head. An image-guided ultra-
sound device makes use of sensor elements or position
indicating elements placed into the head of the ultra-
sound transducer and a companion tracking device that
can determine the position and/or orientation of sensor
elements in the coordinate system of the tracking device.
After calibrating the sensor elements to the scan plane
of the ultrasonic transducer, the position and/or orienta-
tion of the scan plane can also be determined. Using
registration techniques, position and orientation informa-
tion regarding the scan plane of the ultrasound device
enables merging and integration of live ultrasound imag-
es to preoperative scans (e.g., computerized tomogra-
phy [CT] scans, magnetic resonance [MR] scans, or other
images). Information regarding registration of position/
orientation data to image/scan data, production of
merged or integrated images therefrom, and/or other in-
formation useful with the invention may be found in U.S.
Patent Application No. 11/059,336 (U.S. Patent Publica-
tion No. 2005/0182319), entitled "Method and Apparatus
for Registration, Verification, and Referencing of Internal
Organs". A related tool navigator is disclosed in WO
01/39683.
[0005] Attachment of one or more electromagnetically
tracked sensor elements to an ultrasound such as, for

example, a laparoscopic ultrasound, may offer a number
of advantages over the state of the art in trackable ultra-
sound devices. For example, the scan plane of an ultra-
sonic transducer can be tracked within the patient’s body
(as opposed to optical tracking, which is limited to line-
of-sight applications) for the aforementioned purpose of
superimposing ultrasound images to preoperative imag-
es. In addition, it would be advantageous to utilize devic-
es and methods that do not require constant recalibration
of the sensor elements with the scan plane in situations
where the relative positions of the sensor elements and
the ultrasound transducer are changed after initial cali-
bration. By placing a sensor element adjacent to the
transducer of an ultrasound device, the device is intrin-
sically more accurate because the "lever effect" caused
when the sensor is located far from the transducer is
minimized. The "lever effect" causes a small error in an-
gular measurement by the sensor element to appear as
a large error in the position of the transducer.

Summary of the Invention

[0006] In one embodiment, the invention is related to
a trackable ultrasound device such as, for example, a
trackable laparoscopic ultrasound device, that may be
used to produce merged images of preoperative scans
and interoperative ultrasound images. In one embodi-
ment, the trackable ultrasound device includes an ultra-
sonic transducer that generates an image of material ex-
isting along its scan plane. The trackable ultrasound de-
vice also includes a tracker, which is affixed to or near
the ultrasonic transducer such that the tracker moves
along with any movable parts of a scan head to which
the ultrasonic transducer is attached. As affixed in this
manner, the tracker enables the determination of the lo-
cation, direction, and/or orientation of the scan plane
even when the ultrasonic transducer moves relative to
other parts of the ultrasound device.
[0007] In one embodiment, which does not form part
of the invention, the ultrasonic transducer may include
features that allow mating of the tracker to the scan head.
Such features may include but are not limited to ma-
chined grooves, keyways, divots, alignment pins, spring-
loaded balls to engage holes, alignment marks, or other
features. These features may allow repeatable and ac-
curate alignment and realignment of the tracker with the
scan head.
[0008] In one embodiment, the ultrasound device may
include fiducials (also referred to herein as "fiducial mark-
ings"). These fiducials may include divots, indicator
markings, ball bearings, or other elements that are visible
under one or more imaging modalities. These fiducials
may provide point and/or path references, wherein a ref-
erence path can include a plurality of points provided by
multiple fiducials. In one embodiment, the position of
these fiducials may be sampled using a tracked pointer.
In one embodiment, the fiducials may be visible on one
or more imaging modalities such as, for example, an x-
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ray device or other imaging modality. The fiducials may
be present on the ultrasonic transducer/scan head, the
tracker, or other part of the ultrasound device.
[0009] The tracker may also include one or more sen-
sor elements. The sensor elements may include electro-
magnetic sensor coils or other position indicating ele-
ments that can be used to indicate position and/or orien-
tation relative to a tracking device. In some embodiments,
if two or more sensor elements are used, they can be
placed at a known angle relative to one another, thereby
providing a perspective indication of depth.
[0010] As mentioned above, the tracker includes a plu-
rality of fiducials (e.g., "tracker fiducial markings"). In gen-
eral, the tracker fiducial markings are in a fixed and known
spatial relationship with the sensor elements of the track-
er. Accordingly, the fiducials on the scan head (e.g., scan
head fiducial markings or transducer fiducial markings)
are in a fixed and known spatial relationship with the scan
plane of the ultrasonic transducer.
[0011] one embodiment, not part of the invention, pro-
vides for the prevention of relative movement between
the tracker and the ultrasonic transducer by using align-
ment and engaging features (e.g., alignment elements)
on the scan head, the tracker, and/or other parts of the
device. This prevents the need for recalibration of the
tracker to the ultrasonic transducer. For example, the
alignment and engaging features enable the tracker to
be removed and reliably replaced onto the scan head in
the same position, while preserving an initial calibration
(i.e., because the alignment features ensure that the rel-
ative positions of the tracker and the ultrasonic transduc-
er remain the same).
[0012] In another embodiment, not part of the inven-
tion, movement of the tracker relative to the ultrasonic
transducer can be prevented by using the alignment and
engaging features on the scan head, the tracker, and/or
other portions of the ultrasound device to engage special
jigs, thus eliminating the necessity of recalibration.
[0013] In one embodiment, if relative movement be-
tween the tracker and the ultrasonic transducer does oc-
cur after initial calibration (e.g., either by intentional re-
mounting or for other reasons), the invention provides a
method for adjusting the initial calibration, thus avoiding
a time-consuming and/or difficult recalibration. This cal-
ibration adjustment method compensates for the relative
movement between the tracker and the ultrasonic trans-
ducer using the tracker fiducial markings and the scan
head fiducial markings.
[0014] In one embodiment, the initial calibration maybe
performed. In this initial calibration, the scan plane of the
ultrasonic transducer may be calibrated relative to (or
brought into coincidence with) the coordinate system of
the tracker. This may be done using methods known in
the art and may result in the calculation of an initial cal-
ibration transformation matrix Tts.
[0015] In one embodiment, the tracker fiducial mark-
ings and the scan head fiducial markings may then be
sampled in the same frame of reference (e.g., using a

tracked probe, imaging modality, or other method) and
used to obtain primary transformation matrix Ttu.
[0016] The calibrated system may then be used. This
use may be in a clinical application or may include a test
use. In any event, the initial calibration transformation
matrix Tts is employed to determine the scan plane of the
ultrasonic transducer from sampled data of the sensor
elements of the tracker. As mentioned herein, this deter-
mination allows preoperative images to be merged with
interoperative ultrasound data.
[0017] In one embodiment, the tracker may then be
removed from the ultrasound device and replaced in a
different position relative to the ultrasonic transducer.
The tracker fiducial markings and the scan head fiducial
markings are again sampled (e.g., using a tracked probe,
imaging modality, or other method) and used to calculate
a secondary transformation matrix T’tu between the scan
head and the tracker.
[0018] A differential transformation matrix T is then cal-
culated between Ttu (the primary transformation matrix)
and T’tu (the secondary transformation matrix). The dif-
ferential transformation matrix represents the difference
between the first and second relative positions of the
tracker and the ultrasonic transducer/scan head. Be-
cause the spatial relationships between the sensor ele-
ments and the scan plane are known relative to their re-
spective fiducial markings (e.g., the tracker fiducial mark-
ings and the scan head fiducial markings) the differential
transformation matrix provides an accurate representa-
tion of how to adjust the initial calibration.
[0019] Accordingly, the initial calibration is adjusted
and the trackable laparoscopic ultrasound device can be
used without recalibration.
[0020] These and other objects, features, and advan-
tages of the invention will be apparent through the de-
tailed description of the preferred embodiments and the
drawings attached hereto. It is also to be understood that
both the foregoing general description and the following
detailed description are exemplary and not restrictive of
the scope of the invention.

Brief Description of the Drawings

[0021] FIG. 1 Illustrates a trackable laparoscopic ultra-
sound device, according to an embodiment of the inven-
tion.
[0022] FIG. 2 Illustrates a close-up of a scan head of
a trackable laparoscopic ultrasound device, according to
an embodiment of the invention.
[0023] FIG. 3 Illustrates a tracker for use with a track-
able laparoscopic ultrasound device, according to an em-
bodiment of the invention.
[0024] FIG. 4 illustrates a process for adjusting an in-
itial calibration of a tracker to a scan plane in a trackable
ultrasound device, according to an embodiment of the
invention.
[0025] FIG. 5 illustrates a close-up of a scan head of
a trackable laparoscopic ultrasound device, according to
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an embodiment not part of the invention.
[0026] FIG. 6 illustrates a calibration jig in use with a
trackable laparoscopic ultrasound device, according to
an embodiment of the invention.
[0027] FIG. 7 illustrates a process for adjusting an in-
itial calibration of a tracker to a scan plane in a trackable
ultrasound device, according to an embodiment of the
invention.

Description of the Invention

[0028] In one embodiment, the invention is related to
a device for tracking the ultrasonic transducer of an ul-
trasound device such as, for example, a trackable lapar-
oscopic ultrasound device. FIG. 1 illustrates a trackable
laparoscopic ultrasound device 100 according to an em-
bodiment of the invention. In one embodiment, ultra-
sound device 100 includes a handle 101, an elongated
shaft 102, a scan head 110, a control handle 104, a track-
er 107, and/or other elements. Control handle 104 con-
trols the pointing direction of a scan head 110, which
includes an ultrasonic transducer 103.
[0029] Signals are sent to and from ultrasonic trans-
ducer 103 via cable 105, which may be routed through
the interior of handle 101 and elongated shaft 102. In
other embodiments, cable 105 may be routed or located
elsewhere.
[0030] Trackable laparoscopic ultrasound device 100
is designed to generate an image of material existing
along a scan plane 106, which extends from ultrasonic
transducer 103. In one embodiments, more than one
scan plane may originate from ultrasonic transducer 103.
[0031] Trackable laparoscopic ultrasound device 100
also includes a tracker 107, which is affixed to or near
ultrasonic transducer 103 at a location 108 such that
tracker 107 moves along with any movable parts of scan
head 110 such as, for example, an articulating (movable)
section of scan head 110, ultrasonic transducer 103, or
other movable part. As affixed in this manner, tracker 107
enables the determination of the location, direction,
and/or orientation of scan plane 106 even when ultrason-
ic transducer 103 moves relative to elongated shaft 102
or other parts of ultrasonic device 100. This eliminates
the need for encoders or other devices to measure the
location of the transducer. In one embodiment, cable 109
routes signals from tracker 107 to control equipment
(e.g., a tracking device, a computer-implemented control
unit, and/or other device) that determines the position
and orientation of tracker 107/ultrasonic transducer 103.
[0032] FIG. 2 illustrates a close-up of scan head 110
of trackable ultrasound device 100. In one embodiment,
elongated shaft 102 may be connected to articulating
section 201. Articulating section 201 may allow ultrasonic
transducer 103 to be moved in multiple directions relative
to shaft 102 such as left-right and forward-back. It may
allow also combinational motions (e.g., left and back).
Generally, such motion may be effected, for example,
through the use of one or more steering wires attached

to the control handle(s) 104 of FIG. 1 through shaft 102.
[0033] As mentioned above, tracker 107 may be fixed
to ultrasound device 100 such that tracker 107 moves
with ultrasonic transducer 103. As such, tracker 107 may
be fixed to an articulating shaft 202 that includes ultra-
sonic transducer 103. In one embodiment, tracker 107
may be placed in a location that does not overlap ultra-
sonic transducer 103.
[0034] Any electrical connections (e.g., signal carrying
lead-wires, etc.) required by tracker 107 may be provided
by cable 109.
[0035] In one embodiment, not part of the invention,
ultrasonic transducer 103 may include features (e.g.,
alignment elements) that allow mating of tracker 107 to
scan head 110 (e.g., to part of articulating shaft 201 or
other part of scan head 110 that enables tracker 107 to
move with ultrasonic transducer 103). Such features may
include but are not limited to machined grooves, key-
ways, divots, alignment pins, spring-loaded balls to en-
gage holes, alignment marks, or other features. Tracker
107 may include corresponding/mating alignment ele-
ments machined into its body to allow repeatable and
accurate alignment and realignment of tracker 107 with
scan head 110.
[0036] In one embodiment, not part of the invention,
alignment elements may be present on both the scan
head 110 and the tracker 107, and may allow engage-
ment and temporary fixation of external jigs. The jigs may
enable precise, reproducible alignment to be performed
between tracker 107 and scan head 110. The jigs may
alternately provide a way to measure the alignment of
scan head 110 and tracker 107 (or changes therein be-
tween first and second positions). One such jig may en-
gage scan head 110. Another part of the jig or a separate
jig may engage tracker 107. In one embodiment, the jig
or jigs may be equipped with protrusions, "wings," or ex-
tensions that may engage either tracker 107 or the scan
head 110. These wings may provide a way of assisting
the alignment or clamping of tracker 107 or scan head
110, and may optionally contain fiducials, divots, sensor
elements, or paths. The wings may provide a "lever-arm
effect" enabling more precise relative rotational align-
ment or measurement of the relative positions of tracker
107 and ultrasonic transducer 103 that might otherwise
be possible using features on the devices themselves.
Details of an embodiment of a calibration jig are included
in FIG. 6, which is discussed in detail below.
[0037] In one embodiment, trackable laparoscopic ul-
trasound device 100 may contain fiducials (also referred
to herein as "fiducial markings"). Fiducials may include
divots, indicator markings, ball bearings, or other ele-
ments. These fiducials may provide point and/or path ref-
erences, wherein a reference path can include a plurality
of points provided by multiple fiducials. In one embodi-
ment, the position of these fiducials may be sampled us-
ing a tracked pointer. In one embodiment, the fiducials
may be visible on one or more imaging modalities such
as, for example, an x-ray device or other imaging modal-
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ity. The fiducials may be present on ultrasonic transducer
103, tracker 107, or other part of ultrasound device 100.
FIG. 2 illustrates tracker fiducials 203 on tracker 207 and
transducer or scan head fiducials 204 on ultrasonic trans-
ducer 103.
[0038] FIG. 3 illustrates a close-up of tracker 107.
Tracker 107 may include a housing 300. In one embod-
iment, housing 300 may be made of a plastic material.
In other embodiments, housing 300 may be made of met-
als, composites, a combination of plastic and metal, or
other materials. In designs that use electromagnetic
tracking devices, plastic may be preferred since metals
are sometimes particularly good conductors that may of-
fer circular current paths enabling eddy currents that dis-
tort the electromagnetic field measurements and thereby
diminish the accuracy of the tracking device.
[0039] Housing 300 can be mounted to trackable lapar-
oscopic ultrasound device 100 by threading it over scan
head 110 using mounting hole 302. Housing 300 can
then be secured to ultrasound device 100 using mounting
element 303. In some embodiments, mounting element
303 may include, for example, a band, a screw, clips that
elastically engage features on scan head 110, or other
restraining element or fastener. In some embodiments,
multiple mounting elements may be used.
[0040] In some embodiments, not part of the invention,
housing 300 may include alignment elements 308 and/or
309 that enable repeatable placement of tracker 107 on
ultrasound transducer 103.
[0041] In one embodiment, one or more sensor ele-
ments 301 may be attached to housing 300. Sensor el-
ements 301 may include electromagnetic sensor coils,
optical devices, inertial measurement systems, or other
position indicating elements that can be used to indicate
position and/or orientation relative to a tracking device.
In some embodiments, tracker 107 may include one sen-
sor element 301 that is a 6 degree of freedom sensor
element. In other embodiments, tracker 107 may include
two or more 4 or 5 degree of freedom sensor elements
301 (as illustrated in FIG. 3) or three 3 degree of freedom
elements. In some embodiments, if two or more sensor
elements 301 are used, they can be placed at a known
angle relative to one another such as, for example, per-
pendicular to one another (as illustrated in FIG. 3), there-
by providing a method of determining all 6 degrees of
freedom. In another embodiment, multiple sensor ele-
ments 301 may be arranged in parallel.
[0042] Any sensor wires used with sensor elements
301 may be connected to their respective sensor ele-
ments 301 and may exit tracker 107 at position 305 (po-
sition 305 may comprise a portion of cable 109). If wire-
less sensor elements 301 are used, wiring may not be
needed. Sensor elements 301 may be rigidly affixed to
housing 300 using adhesive such as, for example, epoxy
and, as illustrated in FIG. 3, may also be recessed within
housing 300.
[0043] As mentioned above, tracker 107 can also fur-
ther include a plurality of tracker fiducials 203. In general,

tracker fiducials 203, are in a position known and fixed
relative to sensor elements 301 in a coordinate system
307 that is the coordinate system of sensor elements 301
and their corresponding tracking device.
[0044] In one embodiment, not part of the invention,
tracker 107 contains machined features such as notches,
prominences, marks, or other alignment elements 308
or 309 for engaging corresponding/mating alignment el-
ements on trackable laparoscopic ultrasound device 100.
In one embodiment, the notches or alignment elements
308 and 309 are used for engaging an external jig that
is mounted to tracker 107. In one embodiment, tracker
fiducials 203 may also be used for this purpose. The jig
used may be mounted to trackable laparoscopic ultra-
sound device 100 using notches or other similar features
on ultrasound transducer 103.
[0045] In one embodiment, a jig used in this manner
may be insertable through laparoscopic ports (e.g.,
12mm ports, 5 mm ports, or other ports) such that an
internal endocavitary calibration may be performed. This
internal endocavitary calibration may be used to correct
for minor inhomogeneities at the site of use. Additionally,
the presence of a computerized tomography (CT) scan-
ner during use (e.g., in the operating room) may neces-
sitate the presence of internal fiducials on the jig, tracker
107, or the patient. In one embodiment, fiducials internal
to a patient may include curved needles or other ele-
ments.
[0046] Prior to use with a patient, tracker 107 is placed
onto/attached to a laparoscopic ultrasound device (thus
forming a trackable laparoscopic ultrasound device, the
same as or similar to device 100). The device must then
be calibrated to relate the coordinate system of tracker
107 (e.g., coordinate system 307 of FIG. 3) to the coor-
dinate system of the scan plane of ultrasonic transducer
103 (e.g., scan plane 106). Many methods of calibration
exist, some of which are summarized in the document
"3D ULTRASOUND PROBE CALIBRATION WITHOUT
A POSITION SENSOR" by A. H. Gee, N. E. Houghton,
G. M. Treece and R. W. Prager CUED/F-INFENG/TR
488 September 2004 (Cambridge University, Depart-
ment of Engineering, Trumpington Street, Cambridge
CB2 1 PZ, United Kingdom) and in the document "F.
Lindseth, G. A. Tangen, T. Lango, and J. Bang. Probe
calibration for freehand 3-D ultrasound. Ultrasound in
Medicine and Biology, 29(11): 1607-1623, November
2003," . Typically, this initial calibration can be difficult
and/or time consuming.
[0047] Any subsequent movement of tracker 107 rel-
ative to the ultrasonic transducer will normally necessi-
tate another time-consuming recalibration prior to use.
However, the present invention overcomes the need for
this time-consuming recalibration. one embodiment, not
part of the invention, provides for the prevention of rela-
tive movement between tracker 107 and ultrasonic trans-
ducer 103 by using alignment and engaging features
(e.g., alignment elements 308, 309, 501, etc.) on scan
head 110 and tracker 107. This prevents the need for
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recalibration of tracker 107 to ultrasonic transducer 103.
For example, the alignment elements 308 and 309 ena-
ble tracker 107 to be removed and reliably replaced onto
scan head 110 in the same position, while preserving an
initial calibration (e.g., because the alignment elements
ensure that the relative positions of tracker 107 and ul-
trasonic transducer 103 remain the same). In one em-
bodiment, the alignment elements on tracker 107 mate
with corresponding alignment elements 501 present on
scan head 110 (illustrated in FIG. 5) to ensure reproduc-
ible mounting of tracker 107 to scan head 110. These
alignment elements are shown as alignment pegs and
holes, but may be notches, grooves, clips, or other ele-
ments that are able to assist in positioning and retaining
the relative alignment of tracker 107 with ultrasound 103.
[0048] In one embodiment, not part of the invention,
tracker 107 itself may comprise female receiver "ring"
(see, for example, mounting hole 302 of FIG. 3) that is
attached over a male portion of ultrasonic transducer 103
onto a specific area of scan head 110. Insertion the track-
er ring fully onto ultrasonic transducer 103 may result in
the tracker ring coming to rest in a predefined position
that has a predefined offset and distance from the tip of
ultrasonic transducer 103. Alignment elements may re-
movably secure tracker ring to scan head 110. For ex-
ample, alignment elements 309 may removably mate
with corresponding alignment elements 501 on scan
head 110.
[0049] In another embodiment (which may be used in
conjunction with other methods to serve as a "check" or
verification that the system is accurate), that does not
form part of the invention, the necessity of recalibration
following movement of tracker 107 relative to ultrasonic
transducer 103 can be prevented by using the alignment
and engaging features on scan head 110 (e.g., alignment
elements 501), tracker 107 (e.g., alignment elements 508
and 509), and/or other portions of ultrasound device 100
to engage special jigs. In one embodiment, that is not
part of the invention, the jigs may be of large dimensions,
may enable the relative positions and rotations of tracker
107 relative to ultrasonic transducer 103 to be carefully
adjusted since the lever arm effect exaggerates the rel-
ative positions. In one embodiment, fiducials and/or sen-
sor elements may be placed on the aforementioned jigs,
if used.
[0050] In one embodiment, if relative movement be-
tween tracker 107 and ultrasonic transducer 103 does
occur after initial calibration (e.g., either by intentional
remounting or for other reasons), the invention provides
a method for adjusting the initial calibration, thus avoiding
a time-consuming and/or difficult recalibration. This cal-
ibration adjustment method compensates for the relative
movement between tracker 107 and ultrasonic transduc-
er 103 using tracker fiducials 203 and scan head fiducials
204. As mentioned above, this method may be used in
conjunction with other methods to serve as a "check" that
the system is accurate.
[0051] FIG. 4 illustrates a process 400 for adjusting an

initial calibration of a trackable laparoscopic ultrasound
device (e.g., device 100) after relative movement be-
tween a tracker element (e.g., tracker 107) and an ultra-
sonic transducer (e.g., ultrasonic transducer 103). In an
operation 401, the initial calibration maybe performed. In
this initial calibration, scan plane 106 of ultrasonic trans-
ducer 103 may be calibrated relative to (or brought into
coincidence with) the coordinate system of tracker 107.
This may be done, for example, using the methods of
Gee et al. and/or Lindseth et al., or using other methods
known in the art.
[0052] In performing the calibration, at least three cal-
ibration locations are sampled on using the sensor ele-
ments (sensor elements 103) of tracker 107. The same
three calibration locations may then be sampled using
scan plane 106 of ultrasonic transducer 103. The result-
ant data may be considered initial calibration sample data
and may be used to calculate an initial calibration trans-
formation matrix Tts. Transformation matrix Tts relates
the coordinate system of the scan plane 106 of ultrasonic
transducer 103 with the coordinate system of tracker 107
and represents the rigid transformation between the scan
plane 106 and the reported position and orientation of
tracker 107. Since the initial calibration relates tracker
107’s coordinate system with that of scan plane 106 of
ultrasonic transducer 103, the calibration can be calcu-
lated for any positioning of tracker 107 onto scan head
110 once the relative position between tracker 107 and
ultrasonic transducer 103 is known in the calibrated sit-
uation.
[0053] In one embodiment, the initial calibration of op-
eration 401 may take place in a water tank as described
in Gee et al. and Lindseth et al. The water tank is normally
used to assist in the propagation of the sound waves
which otherwise are attenuated in air. Typically, such a
calibration takes the form of measurements of the loca-
tion of several points in the water tank (formed, for ex-
ample, by the intersection of crossed wires suspended
in the tank) with the ultrasound in the coordinate system
of the scan plane of the ultrasound and determining the
location of the same points in space of the position sen-
sor.
[0054] In an operation 402, fiducials on both tracker
107 (e.g., tracker fiducials 203) and ultrasonic transducer
103 (e.g., scan head fiducials 204) may then be sampled
in the same frame of reference. A calculation relating the
coordinate system of tracker 107 to the coordinate sys-
tem of scan head 110 (and thus to scan plane 106) may
then be performed using a method such as the iterative
closest point (ICP), singular valued decomposition (SVD)
technique, or other technique to determine a primary
transformation matrix. Sampling of these fiducials may
be performed using, for example, a tracked probe (e.g.,
electromagnetically tracked or otherwise tracked) or im-
aging using on an x-ray device or other imaging modality,
to obtain the locations of all points in a common coordi-
nate system. This sampled data may be considered the
"first positions" of the fiducials relative to one another.
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The primary transformation matrix Ttu is then calculated
between the tracker fiducials of tracker 107 and the trans-
ducer fiducials of scan head 110.
[0055] In an operation 403, the calibrated system may
be used. This use may be in a clinical application or may
include a test use. In any event, the initial calibration
transformation Tts is employed to determine scan plane
106 of ultrasonic transducer 103 from sampled data of
sensor elements 301 in tracker 107. As mentioned here-
in, this determination allows preoperative images such
as CT images to be merged with interoperative ultra-
sound data. Operation 403 also includes removing track-
er 107 from ultrasound device 100 and replacing tracker
107 in a different position relative to ultrasound transduc-
er 103. In one embodiment, operation 403 need not in-
volve removing tracker 107 from ultrasound device 100,
but may include simply moving tracker 107 relative to
scan head 110.
[0056] In an operation 404, tracker fiducials 203 on
tracker 107 and the scan head fiducials 204 on scan head
110 are again sampled (e.g., using a tracked probe, im-
aging modality, or other method) in the same coordinate
system and a secondary transformation matrix T’tu
(which may be different from Ttu) is determined between
scan head 110 and tracker 107. Here the prime (’) in T’tu
refers to a transformation occurring at a subsequent time
from the unprimed value Ttu. These sampled data may
be considered the "second positions" of the fiducials rel-
ative to one another.
[0057] In an operation 405, a differential transforma-
tion matrix T is calculated between Ttu (the primary trans-
formation) and T’tu (the secondary transformation). The
differential transformation matrix T represents the differ-
ence between the first relative positions of tracker 107
and ultrasonic transducer 103 (the positions in which the
initial calibration was calculated) and the second relative
positions of tracker 107 and ultrasonic transducer 103.
Because the relative positions between both 1) tracker
fiducials 203 and sensor elements 301 and 2) scan head
fiducials 204 and scan plane 206, are known and static,
the difference between tracker fiducials 203 and scan
head fiducials 204 (e.g., as represented by the differential
transformation matrix T) provides an accurate represen-
tation of how to adjust the initial calibration. The trans-
formation between the two coordinate systems is calcu-
lated as T = T-1

tu T’tu where the "-1" superscript repre-
sents the inverse of the matrix.
[0058] In an operation 406, an adjusted calibration
transformation matrix T’ts is calculated. Transformation
matrix T’ts may be calculated by applying the differential
transformation matrix T to the initial calibration transfor-
mation matrix Tts. As mentioned above, this may also
take into account the known and fixed positions of the
tracker fiducials 203 to sensor elements 301, and the
known and fixed positions of scan head fiducials 204 to
scan plane 106. Essentially, scan plane 106 of ultrasonic
transducer 103 is corrected by applying the differential
transformation matrix T, so that scan plane 106 is known

relative to tracker 107 in the new location/position. This
enables the tracked coordinates of tracker 107 to be re-
lated to scan plane 106 of ultrasonic transducer 103 with-
out having to perform a subsequent calibration step.
[0059] In an operation 407, trackable laparoscopic ul-
trasound device 100 may be used to merge preoperative
images with interoperative ultrasound images using the
tracked positions of tracker 107 and the adjusted calibra-
tion transformation matrix T’ts, without re-calibrating the
device. As such, wherever, tracker 107 is moved relative
to ultrasonic transducer 103, only a differential fiducial
transformation matrix need be calculated.
[0060] FIG. 6 illustrates an apparatus for use in deter-
mining the differential transformation matrix T that uses
an embodiment of a calibration jig 600. Here, a block of
material 601 (for example, a block of plastic) has been
equipped with optional sensor elements 602 or other
trackable elements. Fidicuals 603 and/or digitization
holes 604 suitable for determining the position of the
block using a probe or x-ray in the coordinate space of
the sensor elements 602 may also be present. All three
of these elements (sensor elements 602, fiducials 603,
digitization holes 604) may serve the same purpose since
calibration jig 600 is manufactured to a known configu-
ration. Calibration jig 600 may also contain alignment el-
ements 605 that engage divots or other features on ul-
trasonic transducer 103 and/or tracker 107 (e.g., align-
ment elements 308, 309, or 501). Here alignment ele-
ments 605 are depicted as spring-loaded balls that "click
into" divots on either tracker 107, ultrasonic transducer
103, or both, aligning and holding the elements in known
locations and orientations.
[0061] Calibration jig 600 may also include outrigger
elements 606 that assist in aligning tracker 107 with the
ultrasonic transducer 103. The function of calibration jig
600 is, as above, to (1) assist in mechanically reposition-
ing tracker 107 to the same location relative to ultrasonic
transducer 103 and/or (2) enable the calculation of a new
coordinate transformation of ultrasonic transducer rela-
tive to tracker 107. By knowing this relationship and the
initial relationship between scan plan 106 and tracker
107, determination of tracker 107’s location and orienta-
tion will provide enough information to accurately depict
the location of scan plane 106 in any operation involving
the combined device (i.e., ultrasound device 100). This
will enable the location of scan plane 106 to be depicted
on both CT and live ultrasound, for example.
[0062] FIG. 7 illustrates a process 700 for performing
a calibration using a jig such as, for example, calibration
600. Many of the operations of process 700 are analo-
gous to those of process 400, illustrated in FIG. 4. In an
operation 701, an initial calibration is performed similar
to operation 401 of process 400, to determine an initial
calibration transformation matrix Tts.
[0063] In an operation 702, the combination of tracker
107 and ultrasonic transducer 103 is placed in calibration
jig 600 and the location of tracker 107 relative to the cal-
ibration elements of calibration jig 600 (e.g., sensor ele-
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ments 601, fiducials 603, digitization holes 604) is deter-
mined, taking care not to disturb the relative positions of
tracker 107 and ultrasonic transducer 103. This may be
done by measuring the location of tracker 107 using sen-
sor elements 301 or tracking fiducials 203 on tracker 107
and then measuring the location of the sensor elements
602, fiducials 603, and/or digitization holes 604 on cali-
bration jig 600. The position of tracker 107 relative to
calibration jig 600 is used to determine a first calibration
matrix Ttc, which may then be calculated using an ICP
or SVD calculation as described in operation of 402 of
process 400. Sampling of the fiducials in operation 702
may be performed using, for example, a tracked probe
(e.g., electromagnetically tracked or otherwise tracked)
or imaging the fiducials using on an x-ray device or other
imaging modality, to obtain the locations of all points in
a common coordinate system. Sampling of sensor ele-
ments 602 is performed using tracking device associated
with the sensor elements such as an electromagnetic
tracking device that may determine the locations and ori-
entations of the sensor elements in a frame of reference.
[0064] In an operation 703, the calibrated system may
be used. This use may be in a clnical application or may
include a test use. In any event, the initial calibration
transformation matrix Tts is employed to determine scan
plane 106 of ultrasonic transducer 103 from sampled da-
ta of sensor elements 301 in tracker 107. As mentioned
herein, this determination allows preoperative images
such as CT, PET or MR images to be merged with intra-
operative ultrasound data. Operation 703 also includes
removing tracker 107 from ultrasound device 100 and
replacing tracker 107 in a different position relative to
ultrasound transducer 103. In one embodiment, opera-
tion 703 need not involve removing tracker 107 from ul-
trasound device 100, but may include simply moving
tracker 107 relative to scan head 110.
[0065] In an operation 704, the combination of tracker
107 and ultrasound transducer 103 is returned to the cal-
ibration jig (having been removed for use in operation
703). Tracker fiducials 203 on tracker 107 and fiducials
603 or 604 of calibration jig 600 are again sampled (e.g.,
using a tracked probe, imaging modality, or other meth-
od) in the same coordinate system and a second trans-
formation matrix T’tc (which may be different Ttc) from is
determined between scan head 110 and tracker 107.
Here the prime (’) refers to a transformation occurring at
a subsequent time. Alternately, the second matrix T’tc
may be determined by sampling the sensor elements 301
in the tracker 107 and the sensor elements 602 in cali-
bration jig 600.
[0066] In an operation 705, a differential transforma-
tion matrix T is calculated between Ttc (the first transfor-
mation) and T’tc (the second transformation). The differ-
ential transformation matrix represents the difference be-
tween the first relative position of tracker 107 and ultra-
sonic transducer 103 (the positions in which the initial
calibration was calculated) and the second relative posi-
tions of tracker 107 and ultrasonic transducer 103 (a sub-

sequent location of the tracker, which may have been
moved during use, cleaning or by accident). Because the
relative positions between both 1) tracker fiducials 203
and sensor elements 301 and 2) scan head fiducials 204
and scan plane 206, are known and static, the difference
between tracker fiducials 203 and scan head fiducials
204 (e.g., as represented by the differential transforma-
tion matrix) provides an accurate representation of how
to adjust the initial calibration. The transformation be-
tween the two coordinate systems is calculated as T =
T-1

tc T’tc where the "-1" superscript represents the inverse
of the matrix.
[0067] In an operation 706, an adjusted calibration
transformation matrix T’ts is calculated. Transformation
matrix T’ts may be calculated by applying the differential
transformation matrix T to the initial calibration transfor-
mation matrix Tts. As mentioned above, this may also
take into account the known and fixed positions of the
tracker fiducials 203 to sensor elements 301, and the
known and fixed positions of scan head fiducials 204 to
scan plane 106. Essentially, scan plane 106 of ultrasonic
transducer 103 is corrected by applying the differential
fiducial transformation matrix T, so that scan plane 106
is known relative to tracker 107 in the new location/posi-
tion. This enables the tracked coordinates of tracker 107
to be related to scan plane 106 of ultrasonic transducer
103 without having to perform a subsequent calibration
step.
[0068] In an operation 707, trackable laparoscopic ul-
trasound device 100 may be used to merge preoperative
images with interoperative ultrasound images using the
tracked positions of tracker 107 and the adjusted calibra-
tion transformation matrix T’ts, without re-calibrating the
device. As such, wherever, tracker 107 is moved relative
to ultrasonic transducer 103, only a differential fiducial
transformation matrix need be calculated.
[0069] In some embodiments, more than one tracked
ultrasound transducers can be used at one time. For ex-
ample, a tracked ultrasound transducer can be used to-
gether with a second ultrasound transducer that provides
increased and focused ultrasound energy for ablative
treatment or pulsed focused ultrasound energy for as-
sisted drug delivery. In these embodiments, the treat-
ment ultrasound is tracked to the proper location and
used to provide treatment, while the diagnostic ultra-
sound monitors the progress of the treatment, aids in
navigation (e.g., by providing images), and may serve
other purposes. In another embodiment, a single trans-
ducer may include both treatment (e.g., focused energy)
and image capabilities. An example of a device capable
of this dual use may be available from Focus Surgery™
of Indianapolis, Indiana, U.S.A. In some embodiments,
the diagnostic ultrasound can be replaced with an endo-
scope.
[0070] Other embodiments, uses and advantages of
the invention will be apparent to those skilled in the art
from consideration of the specification and practice of
the invention disclosed herein. The specification should
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be considered exemplary only, and the scope of the in-
vention is accordingly intended to be limited only by the
following claims.

Claims

1. A method of adjusting a calibration of a tracked ul-
trasound device (100), wherein the tracked ultra-
sound device (100) includes a tracker (107) and a
scan head (110), wherein the tracker (107) includes
one or more tracker fiducial markings (203) and one
or more sensor elements (301), wherein the scan
head (110) has at least one scan plane originating
therefrom and includes one or more scan head fidu-
cial markings (204), the method comprising:

attaching (401) the tracker (107) to the scan
head (110) in a first position;
calculating (401) an initial calibration transfor-
mation matrix that relates the one or more sen-
sor elements (301) to the at least one scan
plane, such that the position and orientation of
the one or more sensor elements (301) enables
determination of the position and orientation of
the at least one scan plane;
determining (402) a first relative position of the
one or more tracker fiducial markings (203) in
relation to the one or more scan head fiducial
markings (204) when the tracker (107) is at-
tached to the scan head (110) in the first position;
moving (403) the tracker (107) relative to the
scan head (110) into a second position;
determining (404) a second relative position of
the one or more tracker fiducial markings (203)
in relation to the one or more scan head fiducial
markings (204) when the tracker (107) is at-
tached to the scan head (110) in the second po-
sition;
calculating (405) a difference between the first
and second relative positions of the tracker fi-
ducial markings (203) and the scan head fiducial
markings (204); and
adjusting (406) the initial calibration transforma-
tion matrix using the calculated difference be-
tween the first and second relative positions of
the tracker fiducial markings (203) and the scan
head fiducial markings (204).

2. The method of claim 1, wherein the one or more sen-
sor elements (301) include one or more electromag-
netic sensor elements whose position and orienta-
tion is determined using an electromagnetic tracking
device.

3. The method of claim 1, wherein the one or more sen-
sor elements (301) include one or more inertial guid-
ance sensors, ultrasonic sensors, optical sensors,

and fiber optic sensors.

4. The method of claim 1, wherein determining a first
relative position of the one or more tracker fiducial
markings (203) in relation to the one or more scan
head fiducial markings (204) further comprises sam-
pling first positions of the one or more tracker fiducial
markings (203) and the one or more scan head fidu-
cial markings (204) in the same frame of reference,
and wherein determining a second relative position
of the one or more tracker fiducial markings (203) in
relation to the one or more scan head fiducial mark-
ings (204) further comprises sampling second posi-
tions of the one or more tracker fiducial markings
(203) and the one or more scan head fiducial mark-
ings (204) in the same frame of reference.

5. The method of claim 4, wherein sampling positions
of the one or more tracker fiducial markings (203)
and the one or more scan head fiducial markings
(204) in the same frame of reference further com-
prises touching a tracked probe to each of the one
or more tracker fiducial markings (203) and each of
the one or more scan head fiducial markings (204).

6. The method of claim 4, wherein sampling positions
of the one or more tracker fiducial markings (203)
and the one or more scan head fiducial markings
(204) in the same frame of reference further com-
prises imaging the one or more tracker fiducial mark-
ings (203) and the one or more scan head fiducial
markings (204) with an imaging modality.

7. The method of claim 4, wherein sampling positions
of the one or more tracker fiducial markings (203)
comprises measuring a location of the one or more
sensor elements (301) whose positions are known
relative to the tracker fiducial markings (203).

8. The method of claim 1, wherein determining a first
relative position of the one or more tracker fiducial
markings (203) in relation to the one or more scan
head fiducial markings (204) further comprises:

i) placing the tracker (107) and the scan head
(110) into a calibration jig (600) when the tracker
(107) is attached to the scan head (110) in the
first position, and
ii) determining the relative position of the one or
more tracker fiducial markings (203) to one or
more calibration jig fiducial markings (603),
wherein determining a second relative position
of the one or more tracker fiducial markings
(203) in relation to the one or more scan head
fiducial markings (204) further comprises:

i) placing the tracker (107) and the scan
head (110) into the calibration jig (600)
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when the tracker (107) is attached to the
scan head (110) in the second position, and
ii) determining the relative position of the
one or more tracker fiducial markings to the
one or more calibration jig fiducial markings,
and wherein a relative position of the one
or more scan head fiducial markings (110)
and the one or more calibration jig fiducial
markings (603) remains the same in the first
and second positions.

9. The method of claim 1, wherein determining a first
relative position of the one or more tracker fiducial
markings (203) in relation to the one or more scan
head fiducial markings (204) further comprises cal-
culating a primary transformation matrix that relates
the one or more tracker fiducial markings (203) to
the one or more scan head fiducial markings (204)
in the first position,
and wherein determining a second relative position
of the one or more tracker fiducial markings (203) in
relation to the one or more scan head fiducial mark-
ings (204) further comprises calculating a secondary
transformation matrix that relates the one or more
tracker fiducial markings (203) to the one or more
scan head fiducial markings (204) in the second po-
sition.

10. The method of claim 9, wherein calculating a differ-
ence between the first and second relative positions
of the tracker fiducial markings (203) and the scan
head fiducial markings (204) further includes calcu-
lating a differential transformation matrix.

11. The method of claim 10, wherein adjusting the initial
calibration transformation matrix further comprises
applying the differential transformation matrix to the
initial calibration transformation matrix.

Patentansprüche

1. Verfahren zur Justierung einer Kalibrierung einer
Vorrichtung mit verfolgtem Ultraschall (100), wobei
die Vorrichtung mit verfolgtem Ultraschall (100) ei-
nen Verfolger (107) und einen Abtastkopf (110) um-
fasst, wobei der Verfolger (107) eine oder mehrere
Verfolger-Messmarkierung(en) (203) und ein oder
mehrere Sensorelement(e) (301) umfasst, wobei der
Abtastkopf (110) mindestens eine hiervon ausge-
hende Abtastebene hat und eine oder mehrere Ab-
tastkopf-Messmarkierung(en) (204) hat, wobei das
Verfahren Folgendes umfasst:

Anbringen (401) des Verfolgers (107) an dem
Abtastkopf (110) in einer ersten Position;
Berechnen (401) einer anfänglichen Kalibrie-
rungstransformationsmatrix, die ein oder meh-

rere Sensorelemente (301) mit der mindestens
einer Abtastebene in Beziehung setzt, so dass
die Position und Orientierung von dem einen
Sensorelement oder den mehreren Sensorele-
menten (301) das Bestimmen der Position und
Orientierung von der mindestens einen Abtast-
ebene ermöglicht;
Bestimmen (402) einer ersten relativen Position
von der einen oder den mehreren Verfolger-
Messmarkierung(en) (203) in Bezug auf die eine
oder die mehreren Abtastkopf-Messmarkierung
(en) (204), wenn der Verfolger (107) in der er-
sten Position an dem Abtastkopf (110) ange-
bracht ist;
Bewegen (403) des Verfolgers (107) relativ zum
Abtastkopf (110) in eine zweite Position;
Bestimmen (404) einer zweiten relativen Positi-
on von der einen oder den mehreren Verfolger-
Messmarkierung(en) (203) in Bezug auf die eine
oder die mehreren Abtastkopf-Messmarkierung
(en) (204), wenn der Verfolger (107) in der zwei-
ten Position an dem Abtastkopf angebracht ist;
Berechnen (405) einer Differenz zwischen der
ersten und zweiten relativen Position der Ver-
folger-Messmarkierungen (203) und der Abtast-
kopf-Messmarkierungen (204); und
Justieren (406) der anfänglichen Kalibrierungs-
transformationsmatrix unter Verwendung der
berechneten Differenz zwischen der ersten und
der zweiten relativen Position der Verfolger-
Messmarkierungen (203) und der Abtastkopf-
Messmarkierungen (204).

2. Verfahren nach Anspruch 1, wobei das eine Senso-
relement oder mehrere Sensorelemente (301) ein
oder mehrere elektromagnetische Sensorelement
(e) umfassen, deren Position und Orientierung unter
Verwendung einer elektromagnetischen Verfol-
gungsvorrichtung bestimmt wird.

3. Verfahren nach Anspruch 1, wobei das eine Senso-
relement oder mehrere Sensorelemente (301) einen
oder mehrere Inertialführungssensoren, Ultraschall-
sensoren, optische Sensoren und Faseroptiksenso-
ren umfassen.

4. Verfahren nach Anspruch 1, wobei das Bestimmen
einer ersten relativen Position der einen oder meh-
reren Verfolger-Messmarkierung(en) (203) in Bezug
auf die eine oder mehrere Abtastkopf-Messmarkie-
rung(en) (204) weiterhin das Abtasten erster Posi-
tionen der einen oder mehreren Verfolger-Messmar-
kierung(en) (203) und der einen oder mehreren Ab-
tastkopf-Messmarkierung(en) (204) in dem gleichen
Referenzrahmen umfasst,
und wobei das Bestimmen einer zweiten relativen
Position der einen oder mehreren Verfolger-Mess-
markierung(en) (203) in Bezug auf die eine oder
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mehrere Abtastkopf-Messmarkierung(en) (204) wei-
terhin das Abtasten zweiter Positionen der einen
oder mehreren Verfolger-Messmarkierung(en)
(203) und der einen oder mehreren Abtastkopf-
Messmarkierung(en) (204) in dem gleichen Refe-
renzrahmen umfasst.

5. Verfahren nach Anspruch 4, wobei das Abtasten von
Positionen der einen oder mehreren Verfolger-
Messmarkierung(en) (203) und der einen oder meh-
reren Abtastkopf-Messmarkierung(en) (204) in dem
gleichen Referenzrahmen weiterhin das Berühren
von jeder der einen oder mehreren Verfolger-Mess-
markierung(en) (203) und jeder der einen oder meh-
reren Abtastkopf-Messmarkierung(en) (204) mit ei-
ner verfolgten Sonde umfasst.

6. Verfahren nach Anspruch 4, wobei das Abtasten von
Positionen der einen oder mehreren Verfolger-
Messmarkierung(en) (203) und der einen oder meh-
reren Abtastkopf Messmarkierung(en) (204) in dem
gleichen Referenzrahmen weiterhin das Abbilden
der einen oder mehreren Verfolger-Messmarkierung
(en) (203) und der einen oder mehreren Abtastkopf-
Messmarkierung(en) (204) mit einer Bildgebungs-
modalität umfasst.

7. Verfahren nach Anspruch 4, wobei das Abtasten von
Positionen der einen oder mehreren Verfolger-
Messmarkierungen (203) das Messen eines Ortes
von einem oder mehreren Sensorelement(en) (301)
umfasst, deren Positionen relativ zu den Verfolger-
Messmarkierungen (203) bekannt sind.

8. Verfahren nach Anspruch 1, wobei das Bestimmen
einer ersten relativen Position der einen oder meh-
reren Verfolger-Messmarkierung(en) (203) in Bezug
auf die eine oder mehrere Abtastkopf-Messmarkie-
rung(en) (204) weiterhin Folgendes umfasst:

i) Platzieren des Verfolgers (107) und des Ab-
tastkopfs (110) in einer Kalibrierlehre (600),
wenn der Verfolger (107) in der ersten Position
an dem Abtastkopf (110) angebracht ist, und
ii) Bestimmen der relativen Position der einen
oder mehreren Verfolger-Messmarkierung(en)
(203) zu einer oder mehreren Kalibrierlehren-
Messmarkierung(en) (603),
wobei das Bestimmen einer zweiten relativen
Position der einen oder mehreren Verfolger-
Messmarkierung(en) (203) in Bezug auf die eine
oder mehrere Abtastkopf-Messmarkierung(en)
(204) weiterhin Folgendes umfasst:

i) Platzieren des Verfolgers (107) und des
Abtastkopfs (100) in der Kalibrierlehre
(600), wenn der Verfolger (107) in der zwei-
ten Position an dem Abtastkopf (110) ange-

bracht ist, und
ii) Bestimmen der relativen Position der ei-
nen oder mehreren Verfolger-Messmarkie-
rung(en) zu der einen oder den mehreren
Kalibrierlehren-Messmarkierung(en),
und wobei eine relative Position der einen
oder mehreren Abtastkopf-Messmarkie-
rung(en) (110) und der einen oder mehre-
ren Kalibrierlehren-Messmarkierung(en)
(603) in der ersten und der zweiten Position
gleich bleibt.

9. Verfahren nach Anspruch 1, wobei das Bestimmen
einer ersten relativen Position der einen oder meh-
reren Verfolger-Messmarkierung(en) (203) in Bezug
auf die eine oder mehrere Abtastkopf-Messmarkie-
rung(en) (204) weiterhin das Berechnen einer pri-
mären Transformationsmatrix umfasst, die die eine
oder mehrere Verfolger-Messmarkierung(en) (203)
zu der einen oder mehreren Abtastkopf-Messmar-
kierung(en) (204) in der ersten Position in Beziehung
setzt,
und wobei das Bestimmen einer zweiten relativen
Position der einen oder mehreren Verfolger-Mess-
markierung(en) (203) in Bezug auf die eine oder
mehrere Abtastkopf Messmarkierung(en) (204) wei-
terhin das Berechnen einer sekundären Transforma-
tionsmatrix umfasst, die die eine oder mehrere Ver-
folger-Messmarkierung(en) (203) mit der einen oder
mehreren Abtastkopf-Messmarkierung(en) (204) in
der zweiten Position in Beziehung setzt.

10. Verfahren nach Anspruch 9, wobei das Berechnen
einer Differenz zwischen der ersten und zweiten re-
lativen Position der Verfolger-Messmarkierung(en)
(203) und der Abtastkopf-Messmarkierungen (204)
weiterhin das Berechnen einer differentiellen Trans-
formationsmatrix umfasst.

11. Verfahren nach Anspruch 10, wobei das Justieren
der anfänglichen Kalibrierungstransformationsma-
trix weiterhin das Anwenden der differentiellen
Transformationsmatrix auf die anfängliche Kalibrie-
rungstransformationsmatrix umfasst.

Revendications

1. Procédé d’ajustement d’un étalonnage d’un dispo-
sitif à ultrasons suivi (100), dans lequel le dispositif
à ultrasons suivi (100) comprend un suiveur (107)
et une tête de balayage (110), dans lequel le suiveur
(107) comprend un ou plusieurs motifs d’alignement
(203) de suiveur et un ou plusieurs éléments de cap-
teur (301), dans lequel la tête de balayage (110) a
au moins un plan de balayage qui en est issu et com-
prend un ou plusieurs motifs d’alignement (204) de
tête de balayage, le procédé comprenant :
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la fixation (401) du suiveur (107) à la tête de
balayage (110) dans une première position ;
le calcul (401) d’une matrice de transformation
d’étalonnage initiale qui relie les un ou plusieurs
éléments de capteur (301) à l’au moins un plan
de balayage, de telle sorte que la position et
l’orientation des un ou plusieurs éléments de
capteur (301) permet une détermination de la
position et de l’orientation de l’au moins un plan
de balayage ;
la détermination (402) d’une première position
relative de l’un ou plusieurs motifs d’alignement
(203) de suiveur par rapport aux un ou plusieurs
motifs d’alignement (204) de tête de balayage
lorsque le suiveur (107) est fixé à la tête de ba-
layage (110) dans la première position ;
le déplacement (403) du suiveur (107) par rap-
port à la tête de balayage (110) dans une deuxiè-
me position ;
la détermination (404) d’une deuxième position
relative de l’un ou plusieurs motifs d’alignement
(203) de suiveur par rapport aux un ou plusieurs
motifs d’alignement (204) de tête de balayage
lorsque le suiveur (107) est fixé à la tête de ba-
layage (110) dans la deuxième position ;
le calcul (405) d’une différence entre les premiè-
re et deuxième positions relatives des motifs
d’alignement (203) de suiveur et des motifs d’ali-
gnement (204) de tête de balayage ; et
l’ajustement (406) de la matrice de transforma-
tion d’étalonnage initiale en utilisant la différen-
ce calculée entre les première et deuxième po-
sitions relatives des motifs d’alignement (203)
de suiveur et des motifs d’alignement (204) de
tête de balayage.

2. Procédé selon la revendication 1, dans lequel les un
ou plusieurs éléments de capteur (301) compren-
nent un ou plusieurs éléments de capteur électro-
magnétiques dont la position et l’orientation sont dé-
terminées en utilisant un dispositif de suivi électro-
magnétique.

3. Procédé selon la revendication 1, dans lequel les un
ou plusieurs éléments de capteur (301) compren-
nent un ou plusieurs capteurs de guidage inertiels,
capteurs ultrasoniques, capteurs optiques, et cap-
teurs à fibres optiques.

4. Procédé selon la revendication 1, dans lequel la dé-
termination d’une première position relative des un
ou plusieurs motifs d’alignement (203) de suiveur
par rapport aux un ou plusieurs motifs d’alignement
(204) de tête de balayage comprend en outre un
échantillonnage des premières positions des un ou
plusieurs motifs d’alignement (203) de suiveur et des
un ou plusieurs motifs d’alignement (204) de tête de
balayage dans le même cadre de référence,

et dans lequel la détermination d’une deuxième po-
sition relative des un ou plusieurs motifs d’aligne-
ment (203) de suiveur par rapport aux un ou plu-
sieurs motifs d’alignement (204) de tête de balayage
comprend en outre un échantillonnage des deuxiè-
mes positions des un ou plusieurs motifs d’aligne-
ment (203) de suiveur et des un ou plusieurs motifs
d’alignement (204) de tête de balayage dans le mê-
me cadre de référence.

5. Procédé selon la revendication 4, dans lequel la dé-
termination d’une première position relative des un
ou plusieurs motifs d’alignement (203) de suiveur
par rapport aux un ou plusieurs motifs d’alignement
(204) de tête de balayage comprend en outre le tou-
cher d’une sonde suivie sur chacun des un ou plu-
sieurs motifs d’alignement (203) de suiveur et cha-
cun des un ou plusieurs motifs d’alignement (204)
de tête de balayage.

6. Procédé selon la revendication 4, dans lequel la dé-
termination d’une première position relative des un
ou plusieurs motifs d’alignement (203) de suiveur
par rapport aux un ou plusieurs motifs d’alignement
(204) de tête de balayage comprend en outre la mise
en image des un ou plusieurs motifs d’alignement
(203) de suiveur et des un ou plusieurs motifs d’ali-
gnement (204) de tête de balayage avec une moda-
lité d’imagerie.

7. Procédé selon la revendication 4, dans lequel
l’échantillonnage des positions des un ou plusieurs
motifs d’alignement (203) de suiveur comprend la
mesure d’un emplacement des un ou plusieurs élé-
ments de capteur (301) dont les positions sont con-
nues par rapport aux motifs d’alignement (203) de
suiveur.

8. Procédé selon la revendication 1, dans lequel la dé-
termination d’une première position relative des un
ou plusieurs motifs d’alignement (203) de suiveur
par rapport aux un ou plusieurs motifs d’alignement
(204) de tête de balayage comprend en outre :

i) la mise en place du suiveur (107) et de la tête
de balayage (110) dans un gabarit d’étalonnage
(600) lorsque le suiveur (107) est fixé à la tête
de balayage (110) dans la première position, et
ii) la détermination de la position relative des un
ou plusieurs motifs d’alignement (203) de sui-
veur par rapport à un ou plusieurs motifs d’ali-
gnement (603) de gabarit d’étalonnage,
dans lequel la détermination d’une deuxième
position relative des un ou plusieurs motifs d’ali-
gnement (203) de suiveur par rapport aux un ou
plusieurs motifs d’alignement (204) de tête de
balayage comprend en outre :

21 22 



EP 1 937 153 B1

13

5

10

15

20

25

30

35

40

45

50

55

i) la mise en place du suiveur (107) et de la
tête de balayage (110) dans le gabarit d’éta-
lonnage (600) lorsque le suiveur (107) est
fixé à la tête de balayage (110) dans la
deuxième position, et
ii) la détermination de la position relative des
un ou plusieurs motifs d’alignement de sui-
veur par rapport aux un ou plusieurs motifs
d’alignement de gabarit d’étalonnage,
et dans lequel une position relative des un
ou plusieurs motifs d’alignement (110) de
tête de balayage et des un ou plusieurs mo-
tifs d’alignement (603) de gabarit d’étalon-
nage demeure la même dans les première
et deuxième positions.

9. Procédé selon la revendication 1, dans lequel la dé-
termination d’une première position relative des un
ou plusieurs motifs d’alignement (203) de suiveur
par rapport aux un ou plusieurs motifs d’alignement
(204) de tête de balayage comprend en outre le cal-
cul d’une matrice de transformation primaire qui relie
les un ou plusieurs motifs d’alignement (203) de sui-
veur aux un ou plusieurs motifs d’alignement (204)
de tête de balayage dans la première position,
et dans lequel la détermination d’une deuxième po-
sition relative des un ou plusieurs motifs d’aligne-
ment (203) de suiveur par rapport aux un ou plu-
sieurs motifs d’alignement (204) de tête de balayage
comprend en outre le calcul d’une matrice de trans-
formation secondaire qui relie les un ou plusieurs
motifs d’alignement (203) de suiveur aux un ou plu-
sieurs motifs d’alignement (204) de tête de balayage
dans la deuxième position.

10. Procédé selon la revendication 9, dans lequel le cal-
cul d’une différence entre les première et deuxième
positions relatives des motifs d’alignement (203) de
suiveur et des motifs d’alignement (204) de tête de
balayage comprend en outre le calcul d’une matrice
de transformation différentielle.

11. Procédé selon la revendication 10, dans lequel
l’ajustement de la matrice de transformation d’éta-
lonnage initiale comprend en outre l’application de
la matrice de transformation différentielle à la matrice
de transformation d’étalonnage initiale.
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