
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
2 

70
1 

59
2

B
1

TEPZZ 7Z_59 B_T
(11) EP 2 701 592 B1

(12) EUROPEAN PATENT SPECIFICATION

(45) Date of publication and mention 
of the grant of the patent: 
05.09.2018 Bulletin 2018/36

(21) Application number: 12721996.2

(22) Date of filing: 27.04.2012

(51) Int Cl.:
A61B 5/06 (2006.01) A61B 8/00 (2006.01)

A61B 34/20 (2016.01) A61B 6/12 (2006.01)

A61B 17/00 (2006.01) A61B 6/00 (2006.01)

A61B 90/00 (2016.01) A61B 8/08 (2006.01)

(86) International application number: 
PCT/US2012/035522

(87) International publication number: 
WO 2012/149370 (01.11.2012 Gazette 2012/44)

(54) METHOD AND APPARATUS FOR CALIBRATING AND RE-ALIGNING AN ULTRASOUND IMAGE 
PLANE TO A NAVIGATION TRACKER

VERFAHREN UND VORRICHTUNG ZUR KALIBRIERUNG UND NEUAUSRICHTUNG EINER 
ULTRASCHALLBILDEBENE IN RELATION ZU EINEM NAVIGATIONSTRACKER

PROCÉDÉ ET APPAREIL POUR ÉTALONNER ET RÉALIGNER UN PLAN D’IMAGE 
ÉCHOGRAPHIQUE SUR UN DISPOSITIF DE POURSUITE DE NAVIGATION

(84) Designated Contracting States: 
AL AT BE BG CH CY CZ DE DK EE ES FI FR GB 
GR HR HU IE IS IT LI LT LU LV MC MK MT NL NO 
PL PT RO RS SE SI SK SM TR

(30) Priority: 29.04.2011 US 201113097264

(43) Date of publication of application: 
05.03.2014 Bulletin 2014/10

(73) Proprietor: Medtronic Navigation, Inc.
Louisville, CO 80027 (US)

(72) Inventors:  
• KOENIG, Matthew W.

Dacono, CO 80514 (US)
• DANAILOV, Danail G.

Westminster, CO 80234 (US)

(74) Representative: AWA Sweden AB
P.O. Box 11394
404 28 Göteborg (SE)

(56) References cited:  
EP-A1- 1 779 786 US-A- 6 138 495
US-A1- 2006 036 170 US-A1- 2007 167 787



EP 2 701 592 B1

2

5

10

15

20

25

30

35

40

45

50

55

Description

FIELD

[0001] The present disclosure relates to acquisition of
image data of a subject, and particularly to acquisition
and display of image data collected from a calibrated and
tracked imaging system.

BACKGROUND

[0002] This section provides background information
related to the present disclosure which is not necessarily
prior art.
[0003] An imaging system can be used to image vari-
ous portions of a subject. The subject can include a pa-
tient, such as a human patient. The portions selected to
be imaged can be internal portions that are covered by
skin or other tissue. However, a location of portions of
the subject that are imaged may be selected to be known.
The locations can be locations relative to instruments
placed in the subject (e.g. a location of a catheter relative
to a heart wall) or a location of the imaged portion relative
the instrument acquiring the image data.
[0004] US 2007/167787 A1 discloses a method for ad-
justing the calibration of a tracked ultrasound device. US
6138495 A discloses a calibration method and an appa-
ratus for calibrating position sensors on scanning trans-
ducers.

SUMMARY

[0005] This section provides a general summary of the
disclosure, and is not a comprehensive disclosure of its
full scope or all of its features.
[0006] A calibration device or jig can be used to deter-
mine the locations with an image, such as within an image
plane of an ultrasound (US) imaging device, by imaging
portions of the calibration jig that are at known locations.
The calibration jig can be tracked with a tracking system
as can the US transducer or a housing containing the US
transducer. The US transducer generates US waves that
are used to generate or produce an image plane. If por-
tions of the calibration jig are at known locations relative
to the tracked calibration jig, then identifying the locations
of the imaged portions within the image plane can be
used to calibrate locations within the image plane to the
US transducer. This allows for portions imaged with the
US transducer after calibration to be located with a track-
ing system that is tracking the US transducer.
[0007] The calibration jig can include imageable por-
tions that are positioned within a container. The image-
able portions can be positioned so as to allow for a single
solution regarding a location of the US transducer relative
to the imageable portions. The imageable portions can
be placed in a "V" shape where the imageable portions
can be identified in the image plane and their distance
apart can relate to only one location on the "V" when

imaged through the "V".
[0008] A verification device can also ensure that the
image plane is known relative to the US transducer. Be-
cause the tracked locations are known due to tracking of
a tracking device positioned relative to the US transduc-
er, if the US transducer moves relative to the tracing de-
vice the image plane may no longer be calibrated for
tracking or navigation purposes. Thus, a verification de-
vice or jig can be used to create an initial verification
plane and can be used at a later time to verify that the
image plane has not moved relative to the tracking device
by ensuring that the US transducer is repeatably placed
relative to the verification jig.
[0009] Further areas of applicability will become ap-
parent from the description provided herein. The descrip-
tion and specific examples in this summary are intended
for purposes of illustration only and are not intended to
limit the scope of the present disclosure.

DRAWINGS

[0010] The drawings described herein are for illustra-
tive purposes only of selected embodiments and not all
possible implementations, and are not intended to limit
the scope of the present disclosure.

Fig. 1 is an environmental view of a subject with an
imaging and navigation system;
Fig. 2A illustrates a perspective view of a calibration
jig according to various embodiments;
Fig. 2B illustrates an exploded view of the calibration
jig of Fig. 2A;
Fig. 2C illustrates a front plan view an internal box
portion of the calibration jig of Fig. 2A;
Fig. 2D illustrates a cross-sectional view of the inter-
nal box portion along lines 2D-2D of Fig. 2C;
Fig. 2E illustrates a back plan view an internal box
portion of the calibration jig of Fig. 2A;
Fig. 3 illustrates a representation of an image taken
within the calibration jig of Fig. 2A and displayed on
a display device;
Fig. 4A is a top perspective view of a verification jig;
Fig. 4B is a plan view of the verification jig of Fig. 4A
including a detail of a housing positioned relative to
the verification jig;
Figs. 5A and 5B are a flowchart of a method of cal-
ibrating and verifying an image plane; and
Figs. 6A - 6C are environmental schematic views of
an imaging system in a verification jig, according to
various embodiments.

[0011] Corresponding reference numerals indicate
corresponding parts throughout the several views of the
drawings.

DETAILED DESCRIPTION

[0012] Example embodiments will now be described
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more fully with reference to the accompanying drawings.
As discussed herein, a cine loop can refer to a plurality
of images acquired at a selected rate of any portion. The
plurality of images can then be viewed in sequence at a
selected rate to indicate motion or movement of the por-
tion. The portion can be an anatomical portion, such as
a heart, or a non-anatomical portion, such as a moving
engine or other moving system.
[0013] Fig. 1 is a diagram illustrating an overview of a
navigation system 10 that can be used for various pro-
cedures. The navigation system 10 can be used to track
the location of an item, such as an implant or an instru-
ment, and at least one imaging system 12 relative to a
subject, such as a patient 14. It should be noted that the
navigation system 10 may be used to navigate any type
of instrument, implant, or delivery system, including:
guide wires, arthroscopic systems, ablation instruments,
stent placement, orthopedic implants, spinal implants,
deep brain stimulation (DBS) probes, etc. Non-human or
non-surgical procedures may also use the navigation
system 10 to track a non-surgical or non-human inter-
vention of the instrument or imaging device. Moreover,
the instruments may be used to navigate or map any
region of the body. The navigation system 10 and the
various tracked items may be used in any appropriate
procedure, such as one that is generally minimally inva-
sive or an open procedure.
[0014] The navigation system 10 can interface with or
integrally include an imaging system 12 that is used to
acquire pre-operative, intra-operative, or post-operative,
or real-time image data of the patient 14. For example,
the imaging system 12 can be an ultrasound imaging
system (as discussed further herein) that has a tracking
device 22 attached thereto (i.e. to be tracked with the
navigation system 10), but only provides a video feed to
the navigation processor 74 (to allow viewing of images
on the display device 80). Alternatively, the imaging sys-
tem 12 can be integrated into the navigation system 10,
including the navigation processor 74.
[0015] It will be understood, however, that any appro-
priate subject can be imaged and any appropriate pro-
cedure may be performed relative to the subject. The
navigation system 10 can be used to track various track-
ing devices, as discussed herein, to determine locations
of the patient 14. The tracked locations of the patient 14
can be used to determine or select images for display to
be used with the navigation system 10. The initial dis-
cussion, however, is directed to the navigation system
10 and the exemplary imaging system 12.
[0016] In the example shown, the imaging system in-
cludes an ultrasound (US) imaging system 12 that in-
cludes an US housing 16 that is held by a user 18 while
collecting image data of the subject 14. It will be under-
stood, however, that the US housing 16 can also be held
by a stand or robotic system while collecting image data.
The US housing and included transducer can be any ap-
propriate US imaging system 12, such as the M-TURBC®
sold by SonoSite, Inc. having a place of business at Both-

ell, Washington. Associated with, such as attached di-
rectly to or molded into, the US housing 16 or the US
transducer housed within the housing 16 is at least one
imaging system tracking device, such as an electromag-
netic tracking device 20 and/or an optical tracking device
22. The tracking devices can be used together (e.g. to
provide redundant tracking information) or separately. Al-
so, only one of the two tracking devices may be present.
It will also be understood that various other tracking de-
vices can be associated with the US housing 16, as dis-
cussed herein, including acoustic, ultrasound, radar, and
other tracking devices. Also, the tracking device can in-
clude linkages or a robotic portion that can determine a
location relative to a reference frame.
[0017] Also shown in Fig. 1 is a second imaging system
24 that comprises an O-arm® imaging device sold by
Medtronic Navigation, Inc. having a place of business in
Louisville, Colorado, USA. The second imaging device
24 includes imaging portions such as a generally annular
gantry housing 26 that encloses an image capturing por-
tion 28. The image capturing portion 28 may include an
x-ray source or emission portion 30 and an x-ray receiv-
ing or image receiving portion 32. The emission portion
30 and the image receiving portion 32 are generally
spaced about 180 degrees from each other and mounted
on a rotor (not illustrated) relative to a track 34 of the
image capturing portion 28. The image capturing portion
28 can be operable to rotate 360 degrees during image
acquisition. The image capturing portion 28 may rotate
around a central point or axis, allowing image data of the
patient 26 to be acquired from multiple directions or in
multiple planes.
[0018] The second imaging system 24 can include
those disclosed in U.S. Pat. Nos. 7,188,998; 7,108,421;
7,106,825; 7,001,045; and 6,940,941 . The second im-
aging system 24 can, however, generally relate to any
imaging system that is operable to capture image data
regarding the subject 14 other than the US imaging sys-
tem 12 or in addition to a single US imaging system 12.
The second imaging system 24, for example, can include
a C-arm fluoroscopic imaging system which can also be
used to generate three-dimensional views of the patient
14.
[0019] The patient 14 can be fixed onto an operating
table 40, but is not required to be fixed to the table 40.
The table 40 can include a plurality of straps 42. The
straps 42 can be secured around the patient 14 to fix the
patient 14 relative to the table 40. Various apparatuses
may be used to position the patient 40 in a static position
on the operating table 40. Examples of such patient po-
sitioning devices are set forth in commonly assigned U.S.
Pat. App. No. 10/405,068, published as U.S. Pat. App.
Pub. No. 2004-0199072 on October 7, 2004, entitled "An
Integrated Electromagnetic Navigation And Patient Po-
sitioning Device", filed April 1, 2003 . Other known appa-
ratuses may include a Mayfield® clamp.
[0020] The navigation system 10 includes at least one
tracking system. The tracking system can include at least
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one localizer. In one example, the tracking system can
include an EM localizer 50. The tracking system can be
used to track instruments relative to the patient 14 or
within a navigation space. The navigation system 10 can
use image data from the imaging system 12 and infor-
mation from the tracking system to illustrate locations of
the tracked instruments, as discussed herein. The track-
ing system can also include a plurality of types of tracking
systems including an optical localizer 52 in addition to
and/or in place of the EM localizer 50. When the EM
localizer 50 is used, the EM localizer can communicates
with or through an EM controller 54. Communication with
the EM controller can be wired or wireless.
[0021] The optical tracking localizer 52 and the EM lo-
calizer 50 can be used together to track multiple instru-
ments or used together to redundantly track the same
instrument. Various tracking devices, including those dis-
cussed further herein, can be tracked and the information
can be used by the navigation system 10 to allow for an
output system to output, such as a display device to dis-
play, a position of an item. Briefly, tracking devices, can
include a patient or reference tracking device (to track
the patient 14) 56, a second imaging device tracking de-
vice 58 (to track the second imaging device 24), and an
instrument tracking device 60 (to track an instrument 62),
allow selected portions of the operating theater to be
tracked relative to one another with the appropriate track-
ing system, including the optical localizer 52 and/or the
EM localizer 50. The reference tracking device 56 can
be positioned on the instrument 62 (e.g. a catheter) to
be positioned within the patient 14, such as within a heart
15 of the patient 14.
[0022] It will be understood that any of the tracking de-
vices 20, 22, 56, 58, 60 can be optical or EM tracking
devices, or both, depending upon the tracking localizer
used to track the respective tracking devices. It will be
further understood that any appropriate tracking system
can be used with the navigation system 10. Alterative
tracking systems can include radar tracking systems,
acoustic tracking systems, ultrasound tracking systems,
and the like. Each of the different tracking systems can
be respective different tracking devices and localizers
operable with the respective tracking modalities. Also,
the different tracking modalities can be used simultane-
ously as long as they do not interfere with each other
(e.g. an opaque member blocks a camera view of the
optical localizer 52).
[0023] An exemplarily EM tracking system can include
the STEALTHSTATION® AXIEM™ Navigation System,
sold by Medtronic Navigation, Inc. having a place of busi-
ness in Louisville, Colorado. Exemplary tracking systems
are also disclosed in U.S. Patent No. 7,751,865, issued
July 6, 2010 and entitled "METHOD AND APPARATUS
FOR SURGICAL NAVIGATION"; U.S. Patent No.
5,913,820, titled "Position Location System," issued June
22, 1999 and U.S. Patent No. 5,592,939, titled "Method
and System for Navigating a Catheter Probe," issued
January 14, 1997.

[0024] Further, for EM tracking systems it may be nec-
essary to provide shielding or distortion compensation
systems to shield or compensate for distortions in the
EM field generated by the EM localizer 50. Exemplary
shielding systems include those in U.S. Pat. No.
7,797,032, issued on September 14, 2010 and U.S. Pat.
No. 6,747,539, issued on June 8, 2004; distortion com-
pensation systems can include those disclosed in U.S.
Pat. No. 10/649,214, filed on January 9, 2004, published
as U.S. Pat. App. Pub. No. 2004/0116803
[0025] With an EM tracking system, the localizer 50
and the various tracking devices can communicate
through the EM controller 54. The EM controller 54 can
include various amplifiers, filters, electrical isolation, and
other systems. The EM controller 54 can also control the
coils of the localizer 52 to either emit or receive an EM
field for tracking. A wireless communications channel,
however, such as that disclosed in U.S. Patent No.
6,474,341, entitled "Surgical Communication Power Sys-
tem," issued November 5, 2002 , can be used as op-
posed to being coupled directly to the EM controller 54.
[0026] It will be understood that the tracking system
may also be or include any appropriate tracking system,
including a STEALTHSTATION® TRIA®, TREON®,
and/or S7™ Navigation System having an optical local-
izer, similar to the optical localizer 52, sold by Medtronic
Navigation, Inc. having a place of business in Louisville,
Colorado. Further alternative tracking systems are dis-
closed in U.S. Patent No. 5,983,126, to Wittkampf et al.
titled "Catheter Location System and Method," issued
November 9, 1999 . Other tracking systems include an
acoustic, radiation, radar, etc. tracking or navigation sys-
tems.
[0027] The second imaging system 24 can further in-
clude a support housing or cart 70 that can house a sep-
arate image processing unit 72. The cart 70 can be con-
nected to the gantry 26. The navigation system 10 can
include a navigation processing unit 74 that can commu-
nicate or include a navigation memory 76. The navigation
processing unit 74 can include a processor (e.g. a com-
puter processor) that executes instructions to determine
locations of the tracking devices based on signals from
the tracking devices. The navigation processing unit 74
can receive information, including image data, from the
imaging system 12 and/or the second imaging system
24 and tracking information from the tracking systems,
including the respective tracking devices and/or the lo-
calizers 50, 54. Image data can be displayed as an image
78 on a display device 80 of a workstation or other com-
puter system 82 (e.g. laptop, desktop, tablet computer
which may have a central processor to act as the navi-
gation processing unit 74 by executing instructions). The
workstation 82 can include appropriate input devices,
such as a keyboard 84. It will be understood that other
appropriate input devices can be included, such as a
mouse, a foot pedal or the like which can be used sep-
arately or in combination. Also, all of the disclosed
processing units or systems can be a single processor
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(e.g. a single central processing chip) that can execute
different instructions to perform different tasks.
[0028] The image processing unit 72 can process im-
age data from the second imaging system 24 and a sep-
arate first image processor (not illustrated) can be pro-
vided to process or pre-process image data from the im-
aging system 12. The image data from the image proc-
essor can then be transmitted to the navigation processor
74. It will be understood, however, that the imaging sys-
tems need not perform any image processing and the
image data can be transmitted directly to the navigation
processing unit 74. Accordingly, the navigation system
10 may include or operate with a single or multiple
processing centers or units that can access single or mul-
tiple memory systems based upon system design.
[0029] In various embodiments, the imaging system
12 can generate image data that defines an image space
that can be registered to the patient space or navigation
space. In various embodiments, the position of the pa-
tient 14 relative to the imaging system 12 can be deter-
mined by the navigation system 10 with the patient track-
ing device 56 and the imaging system tracking device(s)
20,22 to assist in registration. Accordingly, the position
of the patient 14 relative to the imaging system 12 can
be determined.
[0030] Manual or automatic registration can occur by
matching fiducial points in image data with fiducial points
on the patient 14. Registration of image space to patient
space allows for the generation of a translation map be-
tween the patient space and the image space. According
to various embodiments, registration can occur by deter-
mining points that are substantially identical in the image
space and the patient space. The identical points can
include anatomical fiducial points or implanted fiducial
points. Exemplary registration techniques are disclosed
in 12/400,273, filed on March 9, 2009, now published as
U.S. Pat. App. Pub. No. 2010/0228117.
[0031] Once registered, the navigation system 10 with
or including the imaging system 12, can be used to per-
form selected procedures. Selected procedures can use
the image data generated or acquired with the imaging
system 12. Further, the imaging system 12 can be used
to acquire image data at different times relative to a pro-
cedure. As discussed herein, image data can be acquired
of the patient 14 prior to the procedure for collection of
automatically registered image data or cine loop image
data. Also, the imaging system 12 can be used to acquire
images for confirmation of a portion of the procedure.
[0032] In addition to registering the subject space to
the image space, however, the imaging plane of the US
imaging system 12 can also be determined. By register-
ing the image plane of the US imaging system 12, imaged
portions can be located within the patient 14. For exam-
ple, when the image plane is calibrated to the tracking
device(s) 20, 22 associated with the US housing 16 then
a position of an imaged portion of the heart 15, or other
imaged portion, can also be tracked.

CALIBRATION SYSTEM

[0033] To calibrate the US imaging system 12, a cali-
bration system including a calibration device or jig 100,
as illustrated in Figs. 2A-2E, can be used. Calibration jig
100 can be positioned relative to the ultrasound trans-
ducer housing 16 (herein US housing 16) to image por-
tions within the calibration jig 100, as discussed herein.
The calibration jig 100 can generally include a base por-
tion 102 that allows it to be positioned stably on a table
or surface 104. It will be understood that the user 18, or
another appropriate individual, can operate the ultra-
sound imaging system 12 relative to the calibration jig
100 by positioning it in an appropriate location. For ex-
ample, calibration of the US imaging system 12 can be
performed at any appropriate time, such as prior to use
in an operative setting. Alternatively, it is understood that
the calibration jig 100 can be used to calibrate the US
imaging system 12 substantially intraoperatively or im-
mediately prior to imaging the patient 14. According to
various embodiments, however, the US imaging system
12 can be calibrated at a single time and the calibration
is maintained by the US imaging system 12, such as in
the memory system thereof, for any subsequent uses of
the US imaging system 12.
[0034] The base 102 can be interconnected or used to
seal a bottom portion or member 106 that is positioned
around an external sleeve or carrier 108 that is positioned
over a calibration enclosure that can also be referred to
as an inner box or container 110. As discussed herein,
the internal box 110 can be filled with a selected material,
they can mimic the ultrasound transmission of a subject,
such as the soft tissue of the patient 14. The material
filling the inner box can be an echoic medium. A film or
cover 112 can be positioned over the inner container 110
and covered with a sleeve or sealing member 114. During
transport or times of non-use of the calibration jig 100,
an external cover 116 can be placed over the top member
114. The cover 116 can include external fingers or dog
ears 120 and 122 to engage in depressions in the external
container 108 or to engage an undersurface 124 of the
upper rim 114, as the upper rim 114 may extend beyond
an external perimeter of the outer container 108.
[0035] A tracking device 140 can be connected to the
calibration jig 100. For example, the tracking device 140
can include posts that are fixed to the inner box 110 and
optical tracking devices can be fixed to the posts. Alter-
natively, or in addition thereto, EM tracking devices can
be connected to the posts or can be embedded in the
inner box 110 or other appropriate portion of the calibra-
tion jig 100.
[0036] It is understood by one skilled in the art that the
ultrasound imaging system 12 emits and receives ultra-
sound transmissions with an ultrasound transducer (not
illustrated). The US transducer can be placed in a fixed
manner within the US housing 16, again as understood
in the art. The US transmissions are generally within a
plane 130 that defines a plane height 130h and a plane
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width 130w, as illustrated in Fig. 2C. The height 130h
and width 130w are dimensions of the US imaging plane
that extend from the US housing 16. The US plane 130
can also have a thickness 130t that is negligible for cal-
ibration purposes and is not considered for the current
discussion. Generally the ultrasound plane 130 extends
from the US housing 16 at a position relative to the US
housing 16 for the height 130h and the width 130w. The
plane 130 can extend generally aligned with the US trans-
ducer. An image acquired with the US plane 130 can
appear as illustrated in Fig. 3 including imaged portions,
such as imaged calibration portions of the calibration jig
100.
[0037] As discussed further herein, a purpose of the
calibration jig 100 is to determine or calibrate the position
of the US plane 130 relative to the US housing 16 and
tracking devices, such as the EM tracking device 20 or
the optical tracking device 22, positioned on or in the US
housing 16. Once calibrated, the US imaging system 12
is a calibrated imaging system that can be used in further
procedures to identify locations of imaged portions rela-
tive to the US housing 16 or the tracking devices asso-
ciated with the US housing 16. For example, the US plane
130 of the calibrated imaging system 12 can be used to
image portions of the subject, such as the heart 15 of the
patient 14, wherein the heart wall or valve may be an
imaged portion.
[0038] The following discussion will specifically dis-
cuss the optical tracking device 22, but it is understood
that tracking any appropriate tracking device is within the
scope of the subject disclosure. Further, certain tracking
devices, such as the EM tracking device 20, need not
require or work only optimally with "line of site" between
the tracking device 20 and the related localizer 50. Also,
the localizer may transmit a signal or field that is received
and/or sensed by the tracking device to determine a lo-
cation of the tracking device. For example, the EM lo-
calocalizer 50 can either receive or emit a field and the
EM tracking device 20 can do the other of receive or emit
a field to determine a location of the tracking device 20.
Also, it is understood that tracking the tracking device 22
allows for a determination of location information includ-
ing both spatial position and spatial orientation of the
tracked tracking device and instrument to which it is at-
tached.
[0039] The US plane 130 is generally understood to
be the area or volume about which the US transducer,
housed in the US housing 16, can acquire image data.
The US transducer emits US waves which are reflected
by echogenic or echoic materials (for example bone or
materials with physical properties similar to bone) and
absorbed or allowed to pass through by non-echogenic
or anechoic materials (for example purified water or ma-
terials with physical properties similar to purified water).
As is understood by one skilled in the art, the echo or
reflection from echoic materials as opposed to the ab-
sorption or non-reflection of anechoic materials is oper-
able to be used to define image data of the subject 14.

Thus, determining or calibrating the location of the US
plane 130 relative to the tracking device 22 can assist
the navigation system 10 in determining locations of im-
aged portions in subject space even if the image is not
otherwise registered to the subject space. Generally, all
points within the image plane can be calibrated at a lo-
cation relative to the US tracking device 22.
[0040] In one example, the location of an imaged por-
tion within the US plane 130 can be used to determine
the location of the portions within the image relative to
the tracking device 22. The calibration device 100 can
be used to calibrate the points or locations within the
image plane 130 relative to the tracking device 22. Then,
an image can later be acquired with the US imaging sys-
tem 12 within the US plane 130. The later acquired image
can include imaged portions, such as of the heart 15, and
the location of the imaged portions can be determined
relative to the tracking device 22. This relative location
of the imaged portion can then be used to determine the
location of the imaged portion within the physical subject
space by the navigation system 10. The US imaging sys-
tem 12 can be registered within the navigation space to
allow for a determination of a location of the imaged por-
tion relative to any other tracked and registered portion
within the navigation space.
[0041] In calibrating the US imaging system 12, the US
transducer in the US housing 16 can be positioned rela-
tive to the calibration jig 100, as illustrated in Figs. 2A
and 2C. Positioned within the inner box 110 can be a
plurality of rods, as discussed herein. The rods can be
positioned between a front wall 133 and a rear wall 137.
In various embodiments the rods can be adhered to a
surface of the walls 133, 137 or can be positioned in holes
formed in the walls 133, 137. The holes, according to
various embodiments, can assist in holding the rods in
selected orientations. The following discussion is related
to holes within the walls 133, 137, but it is understood
that blind holes or depressions, through bores, or no
holes can be used.
[0042] According to various embodiments, holes 150a-
150h, 204a-204d define rows 180-186 in the rear wall
137 in the inner box 110, as illustrated in Figs. 2D and
E. Also, corresponding holes 151a-151h and 205a-205d
define corresponding rows in the front wall 133, as illus-
trated in Figs. 2B, C, and D. In particular, four rows 180,
182, 184, 186 of two columns of the outer or "V" holes
150 (eight holes 150a-150h) can be formed in the rear
wall 137 of the inner box 110. A column of center holes
204 (four center holes 204a-204d) are generally aligned
in a column between the outer holes 150 in the respective
rows 180-186. A plurality of rods 190, 191, 192 are po-
sitioned in the holes 150, 204 in the back portion 137 and
extend to the corresponding holes 151, 205 in the front
portion 133. It will be understood that appropriate rods,
similar to rods 190, 191, 192, can be positioned between
each pair of respective holes 150,151 and 204,205 but
only the row 186 of the holes 150g,150h, 151g,151h and
204d,205d and the rods 190, 191, 192 are described here
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for simplicity, with reference to Fig. 2C-2E, wherein Fig.
2D is a cross section as defined in Fig. 2C.
[0043] With continuing reference to Fig. 2D, rods 190
and 192 are positioned in respective pairs of holes 150g,
150h in the back portion 137 to generally define a "V"
shape within the calibration system 100 in the fourth row
186. The "V" shape is defined relative to a plane of the
back wall 137 or the front wall 133. The rods 190, 192
extend between the front wall 133 and the back wall 137
by being positioned in holes in the front wall 133 as well.
It is understood that the other rows 180-184 can also
include rods that are positioned in the respective holes
to generally define "V" shapes. In addition, a rod 191 can
be positioned in the middle hole 204d in the back portion
137 and extend to a respective hole in the front portion
133. Other middle rods can also be included in the other
three rows 180-184. According to various embodiments,
each of the different rods in each of the rows can include
different diameters or external perimeter areas. Also, the
rods can be positioned at differing angles to form the "V"
shapes of different angles in each of the rows. For ex-
ample, the angle between the rod 190 and 192 is about
30 degrees to about 90 degrees, including about 35 de-
grees to about 50 degrees, and further including about
40 degrees. However, this angle can be selected to be
any appropriate angle and may differ in the other rows
180-184.
[0044] With reference to Fig. 3, with rods in all of the
four rows 180-186 in the calibration jig 100, an image
acquired with the US imaging system 12 one location is
illustrated. The US system 12 generates the US plane
130 within the calibration system 100 to generate the
image illustrated in Fig 3. As illustrated, three rods are
positioned in each of the four rows 180-186 for a total of
twelve rods. The rods are formed of an anechoic material,
thus appear dark in the image as opposed to the echoic
material in the fills the inner box 110. The image plane
130 is generally taken perpendicular to a plane along
which the rods 190-192 lie. As illustrated in Fig. 2D the
US housing 16 can be moved in the direction of arrow
261 to move the US plane from a first plane location US
plane 130t1 to a second plane location US plane 130t2.
[0045] In the complete image, illustrated in Fig. 3, all
of the rods in the calibration device 100 can be imaged
and define calibration portions and/or points spread out
in an area of the US plane 130. Having the points spread
throughout all or most of an extent of the US plane 130
can assist in confirming accuracy of the calibration. Al-
though, it will be understood that a single point within the
US plane 130 can be used to calibrate the US plane 130
relative to the tracking device 22. To determine locations
of all points in the US plane 130 interpolation between
points including calibration portions can be made.
[0046] The US housing 16 can also be moved relative
to the calibration system 100 in the direction of an arrow
260 between two sides of the inner box 110, as illustrated
in Fig. 2C. As discussed above, the US housing 16 can
also be moved in the direction of arrow 261 between the

front wall 133 and the back wall 137 of the calibration
system 100, as illustrated in Fig. 2D. Image data of the
calibration system, including the calibration portions (e.g.
the rods in the rows 180-186), is acquired while moving
the US housing 16. The acquired image data can be used
to calibrate the US imaging system 12, as discussed
herein.
[0047] As an example of imageable calibration por-
tions that can be used to generate imaged calibration
portions, illustrated in Fig. 2D, the fourth row 186 includes
the first rod 190 and the third rod 192 with the middle rod
191 therebetween. Each of the rods 190-192 can include
respective center axis 194, 206, 196. Center points of
each of the rods relating to the center axes 194, 206, 196
can be identified in each plane slice acquired with the
US plane 130. Due to the holes 150g,h in the back portion
137 of the inner box 110 a dimension (e.g. a distance)
250 between the centers 194, 196 of the respective rods
190, 192 can be defined. At the front portion 133 of the
inner box 110 a second dimension 252 is formed between
the centers 194, 196 of the respective rods 190, 192. The
two dimensions 250, 252 cause the rods 190, 192 to form
a "V" shape within the inner box 110 because the two
rods 190, 192 are angled relative to one another at fixed
angles between the front wall 133 in the back wall 137.
A distance can be determined between the determined
centers of the rods that appear as calibration portions in
the image data for calibration.
[0048] The fixed angles between the two rods 190 and
192 ensures that a distinct dimension between the two
rods 190, 192 exists at any single position of the US plane
130 between the front wall 133 and the back wall 137.
Thus, when the US plane 130 is moved between the front
wall 133 and the back wall 137 in the direction of arrow
261 only a single solution for a position of the plane 130
relative to the row of rods 186 within the calibration sys-
tem 100 will be determined. Also, the middle rod 191 can
be imaged in the image.
[0049] The navigation system 10 or separate calibra-
tion system (which can include a processor portion and
tracking system separate from the navigation system 10)
can determine the position of the fourth row 186 of the
rods relative to the US housing 16 and the tracking device
22 positioned on the US housing 16. This is based on a
known position of the rods in the fourth row 186 relative
to the tracking device 140 affixed to the calibration jig
100. The position of the rods relative to the tracking de-
vice 22 can be determined based on tracking both the
US tracking device 22 and the calibration jig tracking de-
vice 140. As discussed herein, once the US plane 130
is calibrated relative to the tracking device 22 a navigation
plane, which is the calibrated US plane 130, is known
and a position of any imaged portion within the navigation
plane can be determined relative to the tracking device
22. Accordingly, the design of the calibration jig 100 with
the rods positioned in a manner that allows for only a
single solution of the position of the plane 130 relative to
the calibration jig 100 and the calibration jig tracking de-
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vice 140 allows for efficiently identifying the rods within
the jig 100 for calibration.
[0050] The identification of the specific rods in the rows
can be made by identifying the dimension between rods
in the same row and dimensions of the different rods
(including a pattern of the dimensions, e.g. small, big,
medium). As illustrated in Fig. 3, each of the rows
180-186 of rods can be imaged with the US and imaging
system 12. The navigation system 10 or appropriate
processing system can identify an outer edge or a sim-
ulated outer edge 270, for example, of the rods. The outer
edge 270 can be used to identify a center 272 of each of
the rods using generally known image analysis algo-
rithms. Once edges and/or centers of the rods are iden-
tified, the locations of the rods within the image acquired
with the US plane 130 can be made.
[0051] As understood by one skilled in the art, and dis-
cussed above, as the US housing 16 is moved relative
to the calibration system 100 and plurality of images for
image frames can be acquired relating to the US plane
130. For example, an image can be acquired at the lo-
cation 130t1 and the location 130t2. At each location the
positions of the centers 272 of the rods can be determined
within the US plane 130. Based on the determined cent-
ers 272 the dimensions between the centers can be de-
termined and this can be used (either alone or in addition
to other information, including the dimensions of the rods)
to identify the specific rods. The specific rods and their
known locations relative the tracking calibration jig track-
ing device 140 can be used to determine the position of
centers (also reference to as calibration portions or
points) within the US plane 130 relative to the US tracking
device 22. As discussed in relation to a method in a flow-
chart 400 illustrated in Fig. 5, the position of the centers
of the rods are known relative to the inner box 110 and
the calibration device tracking device 140 associated
therewith. Thus, tracking both the US tracking device 22
and the calibration device tracking device 140 can be
used to calibrate the US plane 130 relative to the US
tracking device 22.
[0052] Once calibrated, the US housing 16 including
the US tracking device 22 can be used to identify loca-
tions of imaged portions within an image acquired with
the US plane 130. As discussed above, the imaged por-
tions can include bones or walls of the heart 15. Accord-
ingly, when an image is acquired with US imaging system
12 a location of an imaged portion within the US plane
130 can be determined with the navigation system 10
based upon the calibrated US plane 130 relative to the
US tracking device 22.
[0053] As described herein, the calibration of the US
plane 130 can be saved to a memory system of the US
imaging system 12 or the navigation system 10. The po-
sition of the US plane 130 relative to tracking device 22
can be saved as the navigation plane for use in navigation
and comparison with a verification device 300, as illus-
trated in Figs 4A and 4B. The verification device 300 can
be used to determine whether the US tracking device 22

has moved relative to the US housing 16 after an initial
verification following calibration of the US plane 130.

VERIFICATION SYSTEM

[0054] With reference to Figs. 4A and 4B, the verifica-
tion device 300 can include a portion or surface config-
ured for interconnection with a portion of the US imaging
system 12, for example the US housing 16, with the ver-
ification device 300. According to various embodiments,
the verification device 300 can include a top surface or
wall 302 that defines or includes a US housing engaging
portion, such as a depression 304. The depression 304
can include a selected geometry, such as an outer pe-
rimeter 306 that substantially tightly engages, such as to
constrict movement, with the US housing 16. Additional-
ly, the depression 304 can include a keyed portion, such
a flat or keyed area, to engage the US housing 16 in a
substantially single orientation relative to the verification
device 300. In addition to or alternatively to the depres-
sion 304 the US housing engaging portion can be a clamp
or holding member can be used to repeatably fix the
housing 16 relative to the verification device 300.
[0055] The verification device 300 can also include on-
ly the top wall 302 and the tracking device 320 can be
fixed to the top wall 302. Regardless, the tracking device
320 is generally rigidly positioned relative to the US hous-
ing engaging portion, such as the depression 304, in one
location. The verification device 300, including a verifi-
cation member interconnecting the US housing engaging
portion and the tracking device 320 is generally inflexible
or rigid. The amount or rigidity can be equal to or less
than an error amount in tracking by the tracking system.
For example, it can be selected to form the verification
member to allow for about 0.01 mm to about 5 mm of
movement between the US housing engaging portion
and the tracking device 320.
[0056] During a verification procedure, discussed
herein, the US housing 16 can be positioned relative to
and/or at least partially within the verification device 300
in a substantially single location. US tracking device 22
can thereby be fixed at a selected and single position
and single orientation relative to the verification device
tracking device 320 associated with the verification de-
vice 300. According to various embodiments, the verifi-
cation tracking device 320 can be an optical tracking de-
vice. It will be understood, however, that the verification
device tracking device 320 can be any appropriate track-
ing device, such as an EM tracking device, acoustic track-
ing device, or other appropriate tracking device. In addi-
tion, it is understood that the verification device 300 can
include a plurality of tracking devices operable to allow
the verification device 300 to be tracked in a plurality of
tracking systems without requiring interchanging of the
verification tracking device 320 relative to the verification
device 300. Also, the verification tracking device 320 is
generally attached to the verification device 300 in a sub-
stantially rigid and protected manner. Thus, movement
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of the verification tracking device 320 relative to the ver-
ification device 300 is substantially impractical or impos-
sible.
[0057] As illustrated in Fig. 4B, the US housing 16 is
positioned at least partially within the verification device
300 and is operable to determine a verification US plane
130v. The verification US plane 130v is the plane that is
represented by the US plane 130 of the US imaging sys-
tem 12 when the US imaging system 12 is positioned in
the verification device 300 at least initially when the US
plane 130 has been calibrated as the navigation plane
of the US imaging system 12. The US plane 130 need
not be actually generated with the US transducer to de-
termine the verification US plane 130v, but can be gen-
erated if selected. Also, the verification device 300 need
not include any imageable portions, rather the verification
device tracking device 320 is tracked or known relative
to the location of the US tracking device 22.
[0058] Based upon the positions of the verification
tracking device 320 and the US tracking device 22 the
position of the verification US plane 130v can be verified
and/or saved relative to the verification device 300 for
later use. In other words, the verification plane 130v is
an initial position of the US imaging system 12, including
the US housing 16, relative to the verification device 300,
including the tracking device 320, with a known position
of the US tracking device 22 relative to the US housing
16. The known position of the US tracking device 22 rel-
ative to the US housing 16 can be based on the calibration
jig 100 and use thereof, as discussed above and herein.
The verification device 300 can be used to confirm that
the US tracking device 22 has not moved relative to the
US housing 16 at any selected time after an initial or
selected verification. Also, the verification system can be
used to translate the US plane to match the verification
plane 130v initially determined. Accordingly, by fixing the
US housing 16 relative the verification device 300 and
tracking the US tracking device 22 and the verification
tracking device 320, the verification US plane 130v de-
fined by the US imaging system 12 is known or deter-
mined relative to the US tracking device 22 and the ver-
ification device tracking device 320.
[0059] Because the US transducer is fixed in a single
location within the housing, the US imaging system 12
will generate the US plane 130 relative to the housing 16
at only one position. In light of this fixed configuration, it
is determined that the US transducer and the US plane
130 relative to the US housing 16 is immutable and un-
changing. The position of the tracking device 22, howev-
er, may move relative to the housing over time. Thus,
only the tracked location of the US tracking device 22
relative to the actual US plane generated with the US
imaging system may change.
[0060] If the US tracking device 22 moves relative to
the housing 16 then the calibrated position of the US
plane 130 relative to the US tracking device 22 will be-
come invalid. Thus, once calibration is completed and
prior to a movement of the US tracking device 22, the

verification plane 130v can be determined. This can be
determined, as discussed herein, by tracking the location
of the US tracking device 22 relative to the verification
device tracking device 320.
[0061] The verification plane 130v, therefore, is the de-
termined location of the verification tracking device 320
relative to the calibrated location of the US tracking 22.
The calibrated location of the US tracking device 22 is
based on calibration of the US plane 130 relative to the
US tracking device 22. Generally, the verification plane
130v is used to compare to an imaginary or real image
plane from the US imaging system 12. The verification
plane 130v can be defined relative to the verification de-
vice 300 while the navigation plane 130n can be defined
relative to the US tracking device 22.

CALIBRATION AND VERIFICATION SYSTEM AND 
METHOD

[0062] The calibration jig 100 and the verification de-
vice 300 have been described above. The calibration jig
100 and the verification device 300 can be used together
or separately as discussed with reference to the flowchart
400 illustrated in Figs. 5A and 5B. It can be understood
that a calibration process need not immediately precede
a verification procedure. However, for the discussion
herein, the calibration process can generally be blocks
402 to 428 of the flowchart 400. The verification process
can generally be blocks 430 to 500.
[0063] Initially, the following discussion in flowchart
400 assumes that an entire procedure of calibrating the
navigation plane with the US imaging system 12 and ver-
ifying the position of the navigation plane relative to the
US housing 16 in an initial verification. It will be under-
stood, however, that calibration and verification can hap-
pen separately and individually and be repeated sepa-
rately and individually as selected. Accordingly, the fol-
lowing discussion of calibration need not be used imme-
diately prior to verification and that verification need not
follow immediately after a calibration procedure. Rather,
for example, the calibration can occur by a manufacturer
or producer of the US imaging system 12 substantially
at a factory or prior to delivery of the US imaging system
12. Verification can be performed at the operation site,
such as by a final purchaser of the US imaging system
12, to generate the initial verification plane 130v and for
later verification of the navigation plane relative to the
US housing 16. It is understood, however, that a final
user may also perform both calibration and verification.
[0064] Prior to the calibration and verification process
discussed in relation to flowchart 400 the US imaging
system 12 can otherwise be calibrated or prepared for
operation with the appropriate tracking system. US im-
aging system calibration can include the generally un-
derstood and used calibration, such as from the SonoN-
av™ system, sold by Medtronic, Inc., which is integrated
with the StealthStation® navigation platforms. Generally,
the US imaging system 12 can include or be calibrated
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to determine the physical size of each pixel in the image
data acquired with the US imaging system 12. Measure-
ment tools of the US imaging system 12 can be used to
generate or illustrate static scale bars located on the im-
age as well as rulers drawn on the image. For example,
a video scale 255 can then be illustrated on the display
80. The video scale 255 can indicate a distance between
each hash mark so that a certain physical distance can
be determined relative to the scale (e.g. 1mm, 2mm,
5mm, etc.). Also, any appropriate dimension scale bar
or bars can be illustrated including vertical, horizontal,
depth, etc. Thus, each pixel can have a determined phys-
ical size in the image data. Also, a depth and orientation
can be determined and a depth and orientation marker
257 can be illustrated on the display 80. The marker 257
can illustrate the orientation of the image and the depth
to which image is being acquired.
[0065] The calibration procedure can begin in Start
block 402 and after beginning the procedure of the flow-
chart in block 402, the US imaging system 12 can be
positioned relative to the calibration jig 100 in block 404.
As illustrated in Figs. 2A and 2C, the US imaging system
12, including the US housing 16, can be positioned rel-
ative to the calibration jig 100. In various embodiments,
the US housing 16 can engage a cover or top surface
(also referred to as the Scanning Surface) 112 of the
calibration jig 100. The US imaging system 12 can be
used to acquire image data of the calibration jig 100 in
block 406. In acquiring image data of the calibration jig
100, the various calibration portions can be imaged, as
illustrated in Fig. 3. As is understood, the navigation sys-
tem 10, or any appropriate calibration processing system
and tracking system, can be used to calibrate the navi-
gation plane of the US imaging system 12 using the cal-
ibration jig 100. Also, the calibration processor can be
any processor portion that executes calibration instruc-
tions. The calibration instructions can be instructions that
encode an algorithm according to the calibration method
embodied in the flowchart 400.
[0066] The location of the US imaging system, for ex-
ample the US housing 16, can be tracked while acquiring
the image data of the calibration jig 100 in block 408. As
discussed above, various tracking devices, such as the
optical tracking device 22 or EM tracking device 20 can
be attached to a portion of the US housing 16 to allow
for tracking the US housing 16. Accordingly the location
of the US housing 16, as a portion of the US imaging
system 12, can be tracked. The location of the calibration
jig 100 can also be tracked in block 410. The location of
calibration jig 100 can be tracked using the calibration jig
tracking device 140 associated with calibration jig 100.
The tracking device 140 can include appropriate tracking
devices, including those discussed above such as opti-
cal, EM, acoustic, or other appropriate tracking devices.
Regardless, the location of the US housing 16 and the
calibration jig 100 can be tracked during the acquisition
of the image data in block 406.
[0067] Once image data is acquired while tracking the

location of both the US imaging system 12 and the cali-
bration jig 100, a decision block can be used to determine
if enough image data has been acquired in block 412.
The determination of whether or not enough image data
has been acquired in block 412 can be based upon a
threshold identified by the navigation system 10, the user
18, a factory calibration, or other appropriate techniques.
For example, it can be determined that at least 10, 20,
1000, or any appropriate number of data points regarding
the calibration portions need be acquired in the image
data for a selected calibration. Alternatively, the threshold
can relate to a selected number of slices of image data
through the calibration jig 100.
[0068] If it is determined that enough image data has
not been acquired then a NO path 414 can be followed
to move the imaging system 12 to a different location
relative to the calibration jig 100 in block 416. The imaging
system 12 can be moved relative to the calibration jig
100 in any appropriate manner, such as the user 18 mov-
ing the housing 16, a robot moving housing 16, or any
other appropriate mechanism. Regardless, the US hous-
ing 16 can be moved to a different location relative to the
calibration jig 100 to allow the acquisition of additional
image data.
[0069] After moving the US housing 16 to a different
location relative to the calibration jig 100 in block 416,
the method can loop to block 406 to acquire additional
image data, track the location of the US imaging system
12 in block 408, and track the location of the calibration
jig 100 in block 410. Then the decision block 412 can
again be queried as to whether or not enough image data
has been acquired. It is understood that an indication of
whether or not enough image data has been acquired
can be illustrated on the display device 80 to instruct the
user 18. Other appropriate indications can also be pro-
vided such, as visual or audio indications. Regardless,
when enough image data has been acquired then a YES
path 420 can be followed to identify calibration portions
in the acquired image data in block 422.
[0070] Returning reference to Fig. 3, and continued ref-
erence to Fig. 5A, the calibration jig 100 can include one
or more anechoic rods that are submerged in an echoic
medium. Further the medium (i.e. the material that fills
the calibration jig 100) is or can a material that mimics
the speed of sound to which the ultrasound transducer
is calibrated. For example, the material can mimic the
speed of sound through selected portions of an anatomy,
such as soft tissue. As illustrated in Fig. 3, the anechoic
rods in the echoic medium appear as dark areas on a
light background in the image data. Accordingly, the cal-
ibration processor system can identify the dark areas in
each of the image slices acquired of the calibration jig
100. The calibration system can further identify the outer
edge 270 and the centers 272 of each of the rods using
generally known edge detection algorithms (e.g. Hough
Transform) and/or center detection algorithms (e.g. min-
imizing algorithms or weighted centroid). The identified
portions of the rods can be determined as calibration por-
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tions or targets for the calibration process.
[0071] The location of the rods in navigation space is
known by tracking the calibration jig and the location of
the pixels in the image from the US imaging system 12
is known by the US imaging tracking device 22. The lo-
cation of the US navigation plane relative to the US track-
ing device 22 in the US imaging system 12 is then deter-
mined based on combining the known position of the rods
relative to the calibration jig tracking device 140, the de-
termined or tracked location of the calibration jig tracking
device 140 (and, thus, the calibration jog 100), the de-
termined centers of the rods in the image, as discussed
below, and the tracked location of the US tracking device
22 for the correlation. Any or all of the identification of
the rods, the outer edges, or the centers of the rods can
be the determined calibration portions targets in the block
422.
[0072] After the calibration portions are identified in the
image data in block 422 a determination of a location of
the calibration portions relative to the US imaging track-
ing device 22 could be performed in block 424. As an
example, the image illustrated in Fig. 3 includes twelve
(12) calibration portions that can be identified in block
422. The outer edge or at least a center of each of the
calibration image portions can be identified in the image
slice illustrated in Fig. 3. The physical space location of
each of the calibration portions is previously known rel-
ative to the tracking device 140 on the calibration jig 100
based on the physical design and construction of the cal-
ibration jig 100. The known location of the calibration por-
tions (which can be the centers of the rods) can be stored
for access by the calibration processor. Additionally, the
tracked location of the US tracking device 22 is known
by tracking the US tracking device 22 with the navigation
system 10. Accordingly, the identified calibration portions
in the image data can be correlated relative to the tracked
location of the tracking device 22 tracked by the naviga-
tion system in block 408 during the acquisition of the im-
age data. This allows for determining the location of the
calibration portions in the image data relative to the US
tracking device 22.
[0073] The identification of specific calibration portions
can be based on determined dimensions between the
calibration portions and sizes of the calibration portions.
As illustrated in Fig. 3, the row 186 includes the two outer
rods 190, 192 that have larger outer edge dimensions
than the middle rod 191. Also, the first rod 190 includes
an outer dimension greater than that of the second rod
192. Thus, the relative size of the rods in the row 186
can be used to identify the row 186 as the specific row
186. The centers 191, 194, 196 of each of the rods 190,
191, 192 is known relative to the tracking device 140
based on design and physical characteristics of the cal-
ibration jig 100. Also, the dimension between the rods
190, 191, 192 is known at each axial dimension along
the rods 190, 191, 192. Thus, when identifying and de-
termining the centers 191, 194, 196 of each of the rods
190, 191, 192 in the US image plane in the image data

at least two dimensions of location information can be
determined in the image plane data relative to the track-
ing device 140 based on the image data of the rods in
the inner box 110.
[0074] The location of portions or points in the image
plane 130 can be identified relative to the US tracking
device 22 by comparing the determined locations of the
calibration portions to the known locations of the calibra-
tion portions relative to the calibration jig tracking device
140. The locations of the calibration portions in the nav-
igation space are known by tracking the tracking device
140 in block 410. In other words, the US plane 130, and
all of the points therein can be known relative to the lo-
cation of the US tracking device 22 after determination
of the calibration portions in the image data is made in
block 424. The locations of points in the US image plane
130 can include interpolation of points between those
points specifically identified as calibration image por-
tions.
[0075] Determining the US navigation plane can then
occur in block 426. The US navigation plane is the plane
of points that is imaged in the US plane 130 known rel-
ative to the US tracking device 22. The US navigation
plane can then be saved in block 428. The US navigation
plane can be saved to any appropriate memory system,
such as a memory system that is a part of the US imaging
system and/or the navigation memory 76.
[0076] The US imaging system 12 that is used to gen-
erate the US imaging plane 130, which has been cali-
brated to save a navigation plane 130n (Figs. 6A-6C),
can then be used to image portions, such as portions
within the patient 14, and locations of the image portions
can be identified within the US navigation plane relative
to the US tracking device 22. The known locations of
points with the calibrated US plane 130, which can be
identified as the US navigation plane, relative to the US
tracking device 22 allows for determination of locations
of imaged portions relative to the US tracking device 22.
Imaged portions can include heart walls, fetal portions,
brain structures, or other US imageable portions. Navi-
gated procedures can be any appropriate procedure
where an image portion is selected to be identified rela-
tive to the US tracking device 22 and therefore can be
known within the navigation space of the navigation sys-
tem 10.
[0077] At any appropriate time after the determined US
navigation plane has been saved in block 428, the US
imaging system 12 can be positioned relative to the ver-
ification device 300 in block 430. Accordingly, the cali-
bration process can generally be in blocks 404-428 and
the verification method can begin at block 430, as illus-
trated in Fig. 5A and continuing to Fig 5B. It is understood
that the process can be single process or at least two
processes, the calibration process and then the verifica-
tion process.
[0078] As discussed above, and illustrated in Fig. 4B,
the US imaging system 12, including the US housing 16,
can be positioned relative to the verification device 300

19 20 



EP 2 701 592 B1

12

5

10

15

20

25

30

35

40

45

50

55

for verifying or determining a verification plane 130v (Fig.
4B and 6A-6C) of the US imaging system 12. The process
of determining the verification plane 130v includes de-
termining a location of the US tracking device 22 relative
to the verification tracking device 320 in block 432. As
discussed above, the navigation system 10 can track the
location of the US tracking device 22 and the verification
tracking device 320. Due to the calibrated position of the
US navigation plane relative to the US tracking device
22, the tracked location of the US tracking device 22 gives
rise to the location of the US verification plane 130v. Gen-
erally, the relative location of the US tracking device 22
to the verification tracking device 320 after calibrating the
navigation plane of the US imaging system 12 allows for
an initial verification plane 130v to be determined. The
initial verification plane 130v determination relates to the
position of the US tracking device 22 relative to the US
housing 16 and/or transducer prior to movement of the
US tracking device 22. This also allows for an initial and
undisturbed verification or relative location determination
of the US tracking device 22 relative to the verification
tracking device 320.
[0079] In other words, during the calibration, discussed
above, the US imaging system 12 can generate the US
plane 130 and the original position of the US navigation
plane 130n and the tracked location of the US navigation
plane 130n can be used for the verification process. Gen-
erally, while the US navigation plane 130n is determined
or acquired the tracked location of the US imaging system
12 can be performed. A tracked location of the verification
device 300 can also be performed when the US naviga-
tion plane 130n is known relative to the tracked location
of the US imaging system 12. This initial known and
tracked location of the navigation plane 130n can be the
determined position of the verification plane 130v when
the US navigation plane 130n is tracked relative to the
verification device 300, initially.
[0080] Once a determination of the location of US
tracking device 22 relative to the verification tracking de-
vice 320 is made in block 432, the determination verifi-
cation plane 130v can be saved in block 434. The verifi-
cation plane 130v can be saved to any appropriate mem-
ory system, such as the memory system 76. By saving
the verification plane 130v in block 434, anytime after the
initial verification the US tracking system 12 can be po-
sitioned relative to the verification device 300 to confirm
that the verification plane 130v remains equivalent to the
navigation plane of US tracking system 12. As discussed
above, the calibration of the US plane 130 allows for de-
termination of positions within the imaging plane relative
to the US tracking device 22. If the US tracking device
22 moves relative to the US housing 16 or the US trans-
ducer within the housing then the location of the image
plane generated by the US imaging system 12 relative
to the US tracking device 22 changes from the calibrated
location and the calibration of the navigation plane is no
longer accurate.
[0081] After the initial verification, when the verification

plane 130v is saved, a determination of whether a veri-
fication the US plane is desired can be made in block
440. Generally, the determination of whether verification
is to occur happens prior to a procedure or use of the US
imaging system 12. If no verification is desired or select-
ed, then a NO path 442 can be followed to optionally
performing a procedure in block 444. Performing a pro-
cedure in block 444 is optional and can include any ap-
propriate procedure. For example, the US imaging sys-
tem 12 can be used to image a selected portion of the
patient 14, such as the heart 15 of the patient. It is un-
derstood by one skilled in the art, that the US imaging
system 12 can be moved relative to the patient 14 to
image portions of the heart 15. Due to the calibration of
the US imaging plane 130 positions of imaged portions
within the heart 15 can be determined. For example, a
location of a right tricuspid 450 can be made, as identified
on the display device 80. The identification of a particular
portion can be made by the user 18 using the input device
84 and the calibrated US imaging plane 130 can be used
to identify the location of the user identified image portion
within the navigation space by the navigation system 10.
It will be understood that any appropriate procedure can
occur and imaging of the brain, bone structures, or other
portions of the patient 14 can be made. Alternatively, or
in addition to the patient 14, it is understood that nonhu-
man imaging can occur. For example, imaging of an ar-
ticle of manufacture can also occur. Regardless, after
the optional procedure the method can then END in block
460. This can be after performing any selected proce-
dure, steps such as ablating tissue in the heart 15, posi-
tioning a probe within the brain of the patient 14, or other
appropriate procedure steps.
[0082] Alternatively, if the decision in the decision block
440 is to verify the US plane then the YES path 470 can
be followed to position the US imaging device 12 relative
to, such as in, the verification device 300 in block 472.
The US imaging device 12 can be positioned within the
verification device 300 as illustrated in Fig. 4B. The ver-
ification device used in block 472 is generally the same
verification device or another verification device that in-
cludes specifications substantially identical to the verifi-
cation device when determining the initial verification US
plane 130v in block 432. As discussed above, the verifi-
cation device 300 generally includes a portion that can
hold or fix the US imaging system, or at least the housing
16, at a location relative to the verification tracking device
320.
[0083] The US imaging device 12 is positioned in the
verification device 300 and a determination of a test lo-
cation of the US imaging device relative to a test location
of the verification device is made in block 474. The de-
termined test location of the US imaging device 12 in-
cludes or is the tracked location of the US imaging system
12 relative to the verification device 300, as illustrated in
Figs. 6A, 6B, and 6C. Also, because the location of the
navigation plane 130n is known relative to the US tracking
device 22, the test location of the US imaging device also
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relates to a determined position of the US navigation
plane 130n. The verification device 300 and the US im-
aging device 12 can be tracked, as discussed above, and
the locations of each can be used to determine the test
location.
[0084] In block 476, the determined test location (e.g.
the tracked location of the US imaging device relative to
the tracked location of verification device 300) is com-
pared to the saved determined position of the verification
plane 130v from block 434. The saved verification plane
130v includes the location of the navigation plane 130n
at the initial time relative to the verification device 300.
The saved verification plane 130v, inherently, included
a position of the US taking device 22 relative to the ver-
ification tracking device 320, which are fixed relative to
one another due to the positioning of the US imaging
system 12 in the verification device 300. Thus, the saved
verification plane 130v from block 434 can be compared
to the tracked location of the navigation plane 130n which
is the test location of the navigation plane from block 474.
[0085] A decision of whether the test location is iden-
tical to the initial verification location can then be made
in block 478. The decision block 478 can include refer-
ence to a threshold difference in location. For example,
the threshold difference in plane or tracking device rela-
tive location can be about 0.1% to about 10%, including
about 1%. Alternatively, absolute differences can be
used as the threshold difference, such as about 0.1 mil-
limeters (mm) to about 5 mm, including about 0.2 mm to
about 0.7 mm, and further including about 0.5 mm can
be used as the threshold difference.
[0086] To determine if the threshold difference has
been passed the US housing 16 is positioned within the
verification device 300, as illustrated in Fig. 6A. As ex-
emplarily illustrated in Fig. 6A, the US tracking device 22
has not moved the US tracking device 22 is at a substan-
tially same location relative to the verification to tracking
device 320 as illustrated in Fig. 4B. Accordingly, the US
verification plane 130v can overlap the navigation plane
130 of the US imaging system 12 and the YES path 480
can be followed to perform the optional procedure in block
444 and then to the END block 460. Generally, as illus-
trated in Fig. 6A, when the navigation plane 130 and the
verification plane 130v overlap the plane of the US im-
aging system 12 is in the same position as the calibrated
position and locations of image portions within the imag-
ing plane can be determined correctly relative to the US
tracking device 22 of the US imaging system 12.
[0087] With reference to Fig. 6B, if the US tracking de-
vice is in a different location, as illustrated by US tracking
device 22’, then the NO path 490 can be followed from
the decision block 478. As illustrated in Fig. 6B the US
navigation plane 130 and is at a different location from
the US verification plane 130v. This is due to movement
of the US tracking device 22 relative to the US housing
16 and/or the US transducer within the US housing 16.
Due to the movement of the US tracking device 22 the
tracked location of the US navigation plane 130 is at a

different location from the initial calibrated position.
Therefore, the US navigation plane 130 is at a different
location relative to the verification plane 130v than was
initially determined with the verification device 300 and
does not overlap the verification plane 130v.
[0088] As illustrated in Fig. 6B, the navigation plane
130n is theoretically translated in the direction of arrow
492. It will be understood, however, the movement of the
US tracking device 22’ relative to the US housing 16 can
be any movement, such as rotation and/or translation.
Regardless, and determination of the difference in the
location of the US plane 130n in the test location from
the verification plane 130v is made in block 496. The
amount of translation and/or rotation can be determined
in block 496 due to a tracked difference in location be-
tween the US tracking device 22’ and the verification
tracking device 320 relative to the initially tracked location
of the US tracking device 22 relative to the verification
tracking device 320.
[0089] Once the amount of translation and/or rotation
is made, then the US plane at the test location can be
translated and/or rotated to match the verification plane
130v in block 498, as illustrated in Fig. 6C, or vice versa.
Generally, the verification plane 130v that is saved in
block 434 is transformed (i.e. translated and rotated) from
the verification device 300 space to the navigation space
of the US imaging system 12. The translated and/or ro-
tated test plane can then be saved as a new navigation
plane 130n’ (where the new navigation plane 130n’ can
be substantially identical to the original navigation plane
130n in position relative to the US tracking device 22, but
only saved after later verification) in block 500. The new
navigation plane in block 500 can be used as the navi-
gation plane when navigating a procedure and for deter-
mining a location of image portions within the US imaging
plane. Thus, the new navigated plane is substantially
identical relative to the US tracking device 22 as the cal-
ibrated plane and can be reconfirmed using the calibra-
tion device 100 in the process discussed above. Gener-
ally additional calibration is not necessary due to com-
parison to the previously saved verification plane 130v
using the verification device 300.
[0090] The verification device 300 includes the verifi-
cation device tracking device 320 that is substantially im-
movable and fixed relative to the holding portions 304 of
the verification device 300. Thus, a tracked location of
the US imaging system 12 relative to the verification de-
vice 300 can be compared to any other tracked location
of the US imaging system relative to the verification track-
ing device 320 when the US imaging system 12 is placed
in the holding portion 304. Due to the US imaging system
12 being positioned at a fixed and non-changeable loca-
tion relative to the verification device 300, a later deter-
mination of the location of the US tracking device 22 rel-
ative to the verification tracking device 320 can be made
that is directly comparable to any other tracked location
between the two tracking devices 22, 320. A location
change, if any, including both or only one of translation
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and rotation, can be determined. The amount of transla-
tion and rotation can then be calculated to determine the
relative location of the US imaging plane relative to the
US verification plane 130v. Accordingly, a substantially
quick and efficient mechanism to determine the location
of the actual US imaging plane relative to the US tracking
device 22’ can be made at any time. It can be verified
that the US imaging plane is either unchanged or the US
imaging plane can be easily translated or rotated based
upon a calculation for continued navigation to track loca-
tions of portions being imaged.
[0091] Once the US imaging plane has been saved in
block 500 that optional procedure can be performed or
continued in block 444. As discussed above, the proce-
dure being performed can be any appropriate procedure
including imaging portions of the patient 14 and perform-
ing procedures and the patient 14, such as tissue ablation
in the heart 15. Specific examples include, tracking or
determining tissue shift, such as brain shift, after cranial
access. The tracked plane for the US imaging system 12
can be used to determine the location of a portion of the
brain at any selected time (e.g. using edge detection or
user analysis of the acquired US image). Other examples
include identifying or understanding tumor progression
and/or removal and implant placement. Images can be
acquired of the anatomy during a procedure to ensure
proper placement of the implant or for proper resection
of a tumor. The procedure can then end in block 460.
[0092] The foregoing description of the embodiments
has been provided for purposes of illustration and de-
scription. It is not intended to be exhaustive or to limit the
disclosure. Individual elements or features of a particular
embodiment are generally not limited to that particular
embodiment, but, where applicable, are interchangeable
and can be used in a selected embodiment, even if not
specifically shown or described. The same may also be
varied in many ways. Such variations are not to be re-
garded as a departure from the disclosure, and all such
modifications are intended to be included within the
scope of the disclosure.

Claims

1. An imaging verification system, comprising:

a verification device (300), including:

a rigid member (300) having an imaging
system holding region (304) fixed relative
to the rigid member;
a verification tracking device (320) fixed at
a selected location relative to the rigid mem-
ber;

an imaging system (12) including:

a transducer (16) operable to generate an

image plane;
an imaging system tracking device (22)
fixed relative to the transducer, wherein the
imaging system is configured to be fixable
at a selected fixed location relative to the
verification device at a first time;

a tracking system (50, 52) operable to track the
verification tracking device and the imaging sys-
tem tracking device at least at the first time;
a processor system (74) operable to execute in-
structions to determine a verification plane
based on a location of the verification tracking
device and the imaging system tracking device
and determine a position of the image plane rel-
ative to the verification device; and
a verification memory system (76) configured to
save the verification plane, wherein the proces-
sor system is configured to recall the verification
plane from the verification memory system;
wherein the imaging system is removable from
the verification device and operable to be fixable
at the selected fixed location relative to the ver-
ification device at a second time;

wherein the processor system is further op-
erable to execute instructions to:
determine a second image plane of the im-
aging system relative to the verification de-
vice based at least in part on a tracked lo-
cation of both the imaging system and the
verification device at the second time;
recall the verification plane; and
compare the first imaging plane and the sec-
ond imaging plane based on the recalled
verification plane to determine if the first and
second imaging planes are similar within a
selected threshold.

2. The imaging verification system of Claim 1,
wherein the imaging system is configured to image
a plurality of rods in a calibration system to determine
a navigation plane as the image plane relative to the
imaging system tracking device;
wherein the holding region includes at least one of
a keyed depression formed in the rigid member or a
clamp member operable to fixedly engage the imag-
ing system and hold the imaging system relative to
the verification device.

3. The imaging verification system of Claim 1, wherein
a distance between the imaging system holding re-
gion and the verification tracking device fixed at a
selected location relative to the rigid member is able
to change less than or equal to an amount that is an
error of the tracking system.

4. The imaging verification system of Claim 1, further
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comprising:

a display device (80) operable to display image
data acquired with the transducer and illustrate
a location of an imaged portion in the image
plane based at least in part on the determined
position of the image plane relative to the veri-
fication device;
wherein the transducer is an ultrasound trans-
ducer; and
wherein the tracking system is at least one of an
optical tracking system, an acoustic tracking
system, an electromagnetic tracking system,
and a radar tracking system.

5. A method of verifying a location of an image plane
of an imaging system, comprising:

positioning an imaging system (12) at a selected
fixed location relative to a verification device
(300) at a first time;
tracking both the imaging system and the veri-
fication device at the first time;
determining a first imaging plane of the imaging
system, with a verification processor system
(74), relative to the verification device based at
least in part on the tracked location of both the
imaging system and the verification device;
saving a verification plane relating to the deter-
mined first imaging plane in a verification mem-
ory system (76);
wherein the verification plane is operable for re-
call from the verification memory system and in-
cludes information regarding a location of the
first imaging plane of the imaging system relative
to the verification device;
positioning the imaging system at the selected
fixed location relative to the verification device
at a second time;
operating a tracking system (50, 52) to track both
the imaging system and the verification device
at the second time;
operating the verification processor system to
determine a second imaging plane of the imag-
ing system relative to the verification device
based at least in part on the tracked location of
both the imaging system and the verification de-
vice at the second time; and
operating the verification processor system to
compare the first imaging plane and the second
imaging plane to determine if the first and sec-
ond imaging planes are similar within a selected
threshold.

6. The method of Claim 5, further comprising:

operating the verification processor system to
determine if the first imaging plane and the sec-

ond imaging plane are different in an amount
greater than the selected threshold and then:

determining a transformation of the first im-
aging plane and the second imaging plane;
and
transforming the second imaging plane to
match the first imaging plane;
wherein the transformed second imaging
plane includes a location substantially iden-
tical to the first imaging plane;

saving the transformed second imaging plane
as a navigation plane;
wherein the difference between the first imaging
plane and the second imaging plane beyond the
threshold is based on movement of an imaging
system tracking device associated with the im-
aging system from a first location at the first time
to a second location at the second time.

7. The method of Claim 6, further comprising:

tracking the imaging device;
acquiring image data with the imaging device
while tracking the imaging device; and
determining a location of an imaged portion with
the image data relative to the imaging device
tracking device based on the saved navigation
plane.

8. The method of Claim 7, further comprising:

displaying the acquired image data;
selecting the imaged portion, wherein the deter-
mined location is of the selected image portion;
and
displaying the determined location of selected
image portion.

9. The method of Claim 5, wherein positioning an im-
aging system at a selected fixed location relative to
a verification device at a first time and positioning an
imaging system at the selected fixed location relative
to a verification device at a second time includes
placing a housing member housing an ultrasound
transducer in a keyed depression in the verification
device wherein the housing member engages the
keyed depression in a single position and orientation
relative to the verification device.

10. The method of Claim 5,
wherein the first imaging plane is a navigation imag-
ing plane that is at a known location relative to an
imaging system tracking device fixed to the imaging
system;
wherein tracking both the imaging system and the
verification device at the first time includes tracking
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both the imaging system tracking device fixed rela-
tive to the imaging system and a verification tracking
device fixed relative to the verification device at the
first time;
determining a verification plane at a determined ver-
ification location of the navigation imaging plane rel-
ative to the verification device based on the tracked
location of both the imaging system and the verifica-
tion system at the first time, wherein the verification
plane includes at least one of a location of the first
imaging plane of the imaging system relative to the
verification device or a location of the imaging sys-
tem tracking device relative to the verification track-
ing device; and
saving the determined verification imaging plane in
the verification memory system;
removing the imaging system from the verification
device; and
after the removing the imaging system,
fixing the imaging system at the selected location
relative to the verification device at the second time;
tracking both the imaging system tracking device
fixed relative to the imaging system and the verifica-
tion tracking device fixed relative to the verification
device at the second time; and
determining if the second imaging plane location at
the second time matches the verification plane within
a threshold difference.

11. The method of Claim 10, wherein determining if the
second imaging plane location at the second time
matches the verification plane within a threshold dif-
ference, includes:

determining a first relative location between the
imaging system and the verification device at
the first time;
determining a second relative location between
the imaging system and the verification device
at the second time; and
determining whether a difference between the
determined first relative location and the deter-
mined second relative location is greater than
the threshold difference.

12. The method of Claim 11, wherein if the difference
between the determined first relative location and
the determined second relative location is greater
than the threshold difference then determining a
transformed navigation plane by transforming the
imaging plane location at the second time by the de-
termined difference between the determined verifi-
cation plane at the determined verification location
and the imaging plane location at the second time.

13. The method of Claim 11, wherein the determined
difference includes at least one of translation differ-
ence or rotation difference between the imaging

plane location at the second time and the verification
plane.

14. The method of Claim 11, further comprising:
saving the transformed navigation plane as the nav-
igation plane for navigation with the imaging system.

15. The method of Claim 11, further comprising:

acquiring image data with the imaging system;
determining a location of a portion in the navi-
gation image plane of the imaging system based
on the transformed navigation plane, and dis-
playing the determined location of the imaged
portion.

Patentansprüche

1. Bildgebungsverifikationssystem, umfassend:

ein Verifikationsgerät (300), einschließlich:

eines starren Elements (300) mit einem re-
lativ zu dem starren Element fest montierten
Bildgebungssystemhaltebereich (304) ;
eines an einer ausgewählten Position rela-
tiv zu dem steifen Element fest montierten
Verifikationstrackinggeräts (320);

ein Bildgebungssystem (12), einschließlich:

eines Wandlers (16), der betriebsfähig ist,
um eine Bildebene zu erzeugen;
eines relativ zu dem Wandler fest montier-
ten Bildgebungssystemtrackinggeräts (22),
wobei das Bildgebungssystem so konfigu-
riert ist, dass es zu einem ersten Zeitpunkt
an einer ausgewählten festen Position re-
lativ zu dem Verifikationsgerät fest montier-
bar ist;

ein Trackingsystem (50, 52), das betriebsfähig
ist, um das Verifikationstrackinggerät und das
Bilderzeugungssystemtrackinggerät mindes-
tens zu dem ersten Zeitpunkt zu tracken;
ein Prozessorsystem (74), das betriebsfähig ist,
um Anweisungen zum Bestimmen einer Verifi-
kationsebene basierend auf einer Position des
Verifikationstrackinggeräts und des Bildge-
bungssystemtrackinggerät auszuführen und ei-
ne Position der Bildebene relativ zu dem Verifi-
kationsgerät zu bestimmen; und
ein Verifikationsspeichersystem (76), das kon-
figuriert ist, um die Verifikationsebene zu spei-
chern, wobei das Prozessorsystem konfiguriert
ist, um die Verifikationsebene von dem Verifika-
tionsspeichersystem abzurufen;
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wobei das Bildgebungssystem von dem Verifi-
kationsgerät entfernbar und betriebsfähig ist,
um zu einem zweiten Zeitpunkt an der ausge-
wählten festen Position relativ zu dem Verifika-
tionsgerät fest montierbar zu sein;
wobei das Prozessorsystem ferner betriebsfä-
hig ist, um Anweisungen auszuführen zum:

Bestimmen einer zweiten Bildebene des
Bildgebungssystems relativ zu dem Verifi-
kationsgerät mindestens teilweise basie-
rend auf einer getrackten Position sowohl
des Bildgebungssystems als auch des Ve-
rifikationsgeräts zu dem zweiten Zeitpunkt;
Abrufen der Verifikationsebene; und
Vergleichen der ersten Bildgebungsebene
und der zweiten Bildgebungsebene basie-
rend auf der abgerufenen Verifikationsebe-
ne, um zu bestimmen, ob die erste und die
zweite Bildgebungsebene innerhalb eines
ausgewählten Schwellenwerts ähnlich
sind.

2. Bildgebungsverifikationssystem nach Anspruch 1,
wobei das Bildgebungssystem konfiguriert ist, um
eine Vielzahl von Stäben in einem Kalibrierungssys-
tem abzubilden, um eine Navigationsebene als die
Bildebene relativ zu dem Bildgebungssystemtra-
ckinggerät zu bestimmen;
wobei der Haltebereich mindestens eines von einer
in dem starren Element ausgebildeten aufgekeilten
Vertiefung oder ein Klemmelement beinhaltet, das
betriebsfähig ist, um fest mit dem Bildgebungssys-
tem in Eingriff zu treten und das Bildgebungssystem
relativ zu dem Verifikationsgerät zu halten.

3. Bildgebungsverifikationssystem nach Anspruch 1,
wobei sich ein Abstand zwischen dem Bildgebungs-
systemhaltebereich und dem an einer ausgewählten
Position relativ zu dem starren Element fest montier-
ten Verifikationstrackinggerät um weniger als oder
gleich einem Betrag ändern kann, der ein Fehler des
Trackingsystems ist.

4. Bildverifikationssystem nach Anspruch 1, ferner um-
fassend:

ein Anzeigegerät (80), das betriebsfähig ist, um
Bilddaten anzuzeigen, die mit dem Wandler er-
fasst wurden, und eine Position eines abgebil-
deten Abschnitts in der Bildebene mindestens
teilweise basierend auf der bestimmten Position
der Bildebene relativ zu dem Verifikationsgerät
darzustellen;
wobei der Wandler ein Ultraschallwandler ist;
und
wobei das Trackingsystem mindestens eines
von einem optischen Trackingsystem, einem

akustischen Trackingsystem, einem elektroma-
gnetischen Trackingsystem und einem Radar-
trackingsystem ist.

5. Verfahren zum Verifizieren einer Position einer Bil-
debene eines Bildgebungssystems, umfassend:

Positionieren eines Bildgebungssystems (12)
zu einem ersten Zeitpunkt an einer ausgewähl-
ten festen Position relativ zu einem Verifikati-
onsgerät (300);
Tracken sowohl des Bildgebungssystems als
auch des Verifikationsgeräts zu dem ersten Zeit-
punkt;
Bestimmen einer ersten Bildgebungsebene des
Bildgebungssystems mit einem Verifikations-
prozessorsystem (74) relativ zu dem Verifikati-
onsgerät mindestens teilweise basierend auf
der getrackten Position sowohl des Bildge-
bungssystems als auch des Verifikationsgeräts;
Speichern einer Verifikationsebene in Bezug auf
die bestimmte erste Bildgebungsebene in einem
Verifikationsspeichersystem (76);
wobei die Verifikationsebene für einen Abruf aus
dem Verifikationsspeichersystem betriebsfähig
ist und Informationen bezüglich einer Position
der ersten Bildgebungsebene des Bildgebungs-
systems relativ zu dem Verifikationsgerät bein-
haltet;
Positionieren des Bildgebungssystems zu ei-
nem zweiten Zeitpunkt an der ausgewählten
festen Position relativ zu dem Verifikationsgerät;
Betreiben eines Trackingsystems (50, 52), um
sowohl das Bildgebungssystem als auch das
Verifikationsgerät zu dem zweiten Zeitpunkt zu
tracken;
Betreiben des Verifikationsprozessorsystems,
um eine zweite Bildgebungsebene des Bildge-
bungssystems relativ zu dem Verifikationsgerät
mindestens teilweise basierend auf der getrack-
ten Position sowohl des Bildgebungssystems
als auch des Verifikationsgeräts zu dem zweiten
Zeitpunkt zu bestimmen; und
Betreiben des Verifikationsprozessorsystems,
um die erste Bildgebungsebene und die zweite
Bildgebungsebene zu vergleichen, um zu be-
stimmen, ob die erste und die zweite Bildge-
bungsebene innerhalb eines ausgewählten
Schwellenwerts ähnlich sind.

6. Verfahren nach Anspruch 5, ferner umfassend:

Betreiben des Verifikationsprozessorsystems,
um zu bestimmen, ob sich die erste Bildge-
bungsebene und die zweite Bildgebungsebene
um einen Betrag größer als der ausgewählte
Schwellenwert unterscheiden und dann:
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Bestimmen einer Transformation der ersten
Bildgebungsebene und der zweiten Bildge-
bungsebene; und
Transformieren der zweiten Bildgebungse-
bene, um sie an die erste Bildgebungsebe-
ne anzupassen;

wobei die transformierte zweite Bildgebungse-
bene eine im Wesentlichen mit der ersten Bild-
gebungsebene identische Position beinhaltet;
Speichern der transformierten zweiten Bildge-
bungsebene als Navigationsebene;
wobei die Differenz zwischen der ersten Bildge-
bungsebene und der zweiten Bildgebungsebe-
ne jenseits des Schwellenwerts auf einer Bewe-
gung eines dem Bildgebungssystem zugeord-
neten Bildgebungssystemtrackinggerät von ei-
ner ersten Position zu dem ersten Zeitpunkt zu
einer zweiten Position zu dem zweiten Zeitpunkt
basiert.

7. Verfahren nach Anspruch 6, ferner umfassend:

Tracken des Bildgebungsgeräts;
Erfassen von Bilddaten mit dem Bildgebungs-
gerät während des Trackens des Bildgebungs-
geräts; und
Bestimmen einer Position eines abgebildeten
Abschnitts mit den Bilddaten relativ zu dem Bild-
gebungsgerättrackinggerät basierend auf der
gespeicherten Navigationsebene.

8. Verfahren nach Anspruch 7, ferner umfassend:

Anzeigen der erfassten Bilddaten;
Auswählen des abgebildeten Abschnitts, wobei
die bestimmte Position aus dem ausgewählten
Bildabschnitt stammt; und
Anzeigen der bestimmten Position des ausge-
wählten Bildabschnitts.

9. Verfahren nach Anspruch 5, wobei das Positionieren
des Bildgebungssystems zu einem ersten Zeitpunkt
an einer ausgewählten festen Position relativ zu ei-
nem Verifikationsgerät und das Positionieren eines
Bilderzeugungssystem zu einem zweiten Zeitpunkt
an der ausgewählten festen Position relativ zu einem
Verifikationsgerät Platzieren eines Gehäuseele-
ments, das einen Ultraschallwandler aufnimmt, in ei-
ner aufgekeilten Vertiefung in dem Verifikationsgerät
beinhaltet, wobei das Gehäuseelement mit der auf-
gekeilten Vertiefung in einer einzigen Position und
Ausrichtung relativ zu dem Verifikationsgerät in Ein-
griff tritt.

10. Verfahren nach Anspruch 5,
wobei die erste Bildgebungsebene eine Navigati-
onsbildgebungsebene ist, die sich an einer bekann-

ten Position relativ zu einem an dem Bildgebungs-
system fest montierten Bildgebungssystemtracking-
gerät befindet;
wobei das Tracken sowohl des Bildgebungssystems
als auch des Verifikationsgeräts zu dem ersten Zeit-
punkt das Tracken sowohl des relativ zu dem Bild-
gebungssystem fest montierten Bildgebungssys-
temtrackinggeräts als auch eines relativ zu dem Ve-
rifikationsgerät fest monierten Verifikationstracking-
geräts zu dem ersten Zeitpunkt beinhaltet;
Bestimmen einer Verifikationsebene an einer be-
stimmten Verifikationsposition der Navigationsbild-
gebungsebene relativ zu dem Verifikationsgerät ba-
sierend auf der getrackten Position sowohl des Bild-
gebungssystems als auch des Verifikationssystems
zu dem ersten Zeitpunkt, wobei die Verifikationse-
bene mindestens eine von einer Position der ersten
Bildgebungsebene des Bildgebungssystems relativ
zu dem Verifikationsgerät oder einer Position des
Bildgebungssystemtrackinggeräts relativ zu dem
Verifikationstrackinggerät beinhaltet; und
Speichern der bestimmten Verifikationsbildge-
bungsebene in dem Verifikationsspeichersystem;
Entfernen des Bildgebungssystems von dem Verifi-
kationsgerät; und
nach dem Entfernen des Bildgebungssystems,
fest Montieren des Bildgebungssystems zu dem
zweiten Zeitpunkt an der ausgewählten Position re-
lativ zu dem Verifikationsgerät;
Tracken sowohl des relativ zu dem Bildgebungssys-
tem fest montierten Bildgebungssystemtrackingge-
räts als auch des relativ zu dem Verifikationsgerät
fest montierten Verifikationstrackinggeräts zu dem
zweiten Zeitpunkt; und
Bestimmen, ob die zweite Position der Bildgebungs-
ebene zu dem zweiten Zeitpunkt mit der Verifikati-
onsebene innerhalb einer Schwellenwertdifferenz
übereinstimmt.

11. Verfahren nach Anspruch 10, wobei das Bestimmen,
ob die zweite Position der Bildgebungsebene zu dem
zweiten Zeitpunkt mit der Verifikationsebene inner-
halb einer Schwellenwertdifferenz übereinstimmt,
Folgendes beinhaltet:

Bestimmen einer ersten relativen Position zwi-
schen dem Bildgebungssystem und dem Verifi-
kationsgerät zu dem ersten Zeitpunkt;
Bestimmen einer zweiten relativen Position zwi-
schen dem Bildgebungssystem und dem Verifi-
kationsgerät zu dem zweiten Zeitpunkt; und
Bestimmen, ob eine Differenz zwischen der be-
stimmten ersten relativen Position und der be-
stimmten zweiten relativen Position größer als
die Schwellenwertdifferenz ist.

12. Verfahren nach Anspruch 11, wobei dann, wenn die
Differenz zwischen der bestimmten ersten relativen
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Position und der bestimmten zweiten relativen Po-
sition größer als die Schwellenwertdifferenz ist, eine
transformierte Navigationsebene bestimmt wird, in-
dem die Position der Bildgebungsebene zu dem
zweiten Zeitpunkt um die bestimmte Differenz zwi-
schen der bestimmten Verifikationsebene an der be-
stimmten Verifikationsposition und der Position der
Bildgebungsebene zu dem zweiten Zeitpunkt trans-
formiert wird.

13. Verfahren nach Anspruch 11, wobei die bestimmte
Differenz mindestens eines von einer Translations-
differenz oder einer Rotationsdifferenz zwischen der
Position der Bildgebungsebene zu dem zweiten Zeit-
punkt und der Verifikationsebene beinhaltet.

14. Verfahren nach Anspruch 11, ferner umfassend:
Speichern der umgewandelten Navigationsebene
als die Navigationsebene zur Navigation mit dem
Bildgebungssystem.

15. Verfahren nach Anspruch 11, ferner umfassend:

Erfassen von Bilddaten mit dem Bildgebungs-
system;
Bestimmen einer Position eines Abschnitts in
der Navigationsbildebene des Bildgebungssys-
tems basierend auf der transformierten Naviga-
tionsebene und Anzeigen der bestimmten Posi-
tion des abgebildeten Abschnitts.

Revendications

1. Système de vérification d’imagerie, comprenant :

un dispositif de vérification (300), comprenant :

un élément rigide (300) présentant une ré-
gion (304) de retenue de système d’image-
rie fixe par rapport à l’élément rigide ;
un dispositif de suivi de vérification (320)
fixe à un emplacement choisi par rapport à
l’élément rigide ;

un système d’imagerie (12) comprenant :

un transducteur (16) servant à générer un
plan image ;
un dispositif (22) de suivi de système d’ima-
gerie fixe par rapport au transducteur, dans
lequel le système d’imagerie est configuré
pour pouvoir être fixé à un emplacement fixe
choisi par rapport au dispositif de vérifica-
tion à un premier instant ;
un système de suivi (50, 52) servant à suivre
le dispositif de suivi de vérification et le dis-
positif de suivi de système d’imagerie au

moins au premier instant ;
un système de processeur (74) servant à
exécuter des instructions pour déterminer
un plan de vérification basé sur un empla-
cement du dispositif de suivi de vérification
et du dispositif de suivi de système d’ima-
gerie et déterminer une position du plan
image par rapport au dispositif de
vérification ; et
un système de mémoire de vérification (76)
configuré pour sauvegarder le plan de vé-
rification, dans lequel le système de proces-
seur est configuré pour rappeler le plan de
vérification du système de mémoire de
vérification ;

dans lequel le système d’imagerie est amovible
du dispositif de vérification et sert à pouvoir être
fixé à l’emplacement fixe choisi par rapport au
dispositif de vérification à un second instant ;
dans lequel le système de processeur sert en
outre à exécuter des instructions pour :

déterminer un second plan image du systè-
me d’imagerie par rapport au dispositif de
vérification sur la base au moins en partie
d’un emplacement suivi à la fois du système
d’imagerie et du dispositif de vérification au
second instant ;
rappeler le plan de vérification ; et
comparer le premier plan d’imagerie et le
second plan d’imagerie sur la base du plan
de vérification rappelé pour déterminer si le
premier et le second plan d’imagerie sont
similaires dans la limite d’un seuil choisi.

2. Système de vérification d’imagerie selon la revendi-
cation 1,
dans lequel le système d’imagerie est configuré pour
imager une pluralité de tiges dans un système d’éta-
lonnage pour déterminer un plan de navigation com-
me le plan image par rapport au dispositif de suivi
de système d’imagerie ;
dans lequel la région de retenue comprend au moins
un élément parmi un évidement claveté formé dans
l’élément rigide ou un élément de fixation servant à
mettre en prise à demeure le système d’imagerie et
retient le système d’imagerie par rapport au dispositif
de vérification.

3. Système de vérification d’imagerie selon la revendi-
cation 1, dans lequel une distance, entre la région
de retenue de système d’imagerie et le dispositif de
suivi de vérification fixe à un emplacement choisi par
rapport à l’élément rigide, peut être modifiée d’une
proportion inférieure ou égale à une proportion qui
représente une erreur du système de suivi.
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4. Système de vérification d’imagerie selon la revendi-
cation 1, comprenant en outre :

un dispositif d’affichage (80) servant à afficher
des données d’image acquises avec le trans-
ducteur et à illustrer un emplacement d’une par-
tie imagée dans le plan image sur la base au
moins en partie de la position déterminée du
plan image par rapport au dispositif de
vérification ;
dans lequel le transducteur est un transducteur
à ultrasons ; et
dans lequel le système de suivi est au moins un
système parmi un système de suivi optique, un
système de suivi acoustique, un système de sui-
vi électromagnétique et un système de suivi par
radar.

5. Procédé de vérification d’un emplacement d’un plan
image d’un système d’imagerie, consistant à :

positionner un système d’imagerie (12) à un em-
placement fixe choisi par rapport à un dispositif
de vérification (300) à un premier instant ;
suivre à la fois le système d’imagerie et le dis-
positif de vérification au premier instant ;
déterminer un premier plan d’imagerie du sys-
tème d’imagerie, à l’aide d’un système de pro-
cesseur de vérification (74), par rapport au dis-
positif de vérification sur la base au moins en
partie de l’emplacement suivi à la fois du systè-
me d’imagerie et du dispositif de vérification ;
sauvegarder un plan de vérification, en rapport
avec le premier plan d’imagerie déterminé, dans
un système de mémoire de vérification (76) ;
dans lequel le plan de vérification sert au rappel
à partir du système de mémoire de vérification
et comprend des informations concernant un
emplacement du premier plan d’imagerie du
système d’imagerie par rapport au dispositif de
vérification ;
positionner le système d’imagerie à l’emplace-
ment fixe choisi par rapport au dispositif de vé-
rification à un second instant ;
actionner un système de suivi (50, 52) pour sui-
vre à la fois le système d’imagerie et le dispositif
de vérification au second instant ;
actionner le système de processeur de vérifica-
tion pour déterminer un second plan d’imagerie
du système d’imagerie par rapport au dispositif
de vérification sur la base au moins en partie de
l’emplacement suivi à la fois du système d’ima-
gerie et du dispositif de vérification au second
instant ; et
actionner le système de processeur de vérifica-
tion pour comparer le premier plan d’imagerie
et le second plan d’imagerie pour déterminer si
le premier et le second plan d’imagerie sont si-

milaires dans la limite d’un seuil choisi.

6. Procédé selon la revendication 5, consistant en outre
à :

actionner le système de processeur de vérifica-
tion pour déterminer si le premier plan d’image-
rie et le second plan d’imagerie sont différents
en une proportion supérieure au seuil choisi et
ensuite :

déterminer une transformation du premier
plan d’imagerie et du second plan
d’imagerie ; et
transformer le second plan d’imagerie pour
qu’il corresponde au premier plan
d’imagerie ;

dans lequel le second plan d’imagerie transfor-
mé comprend un emplacement pratiquement
identique au premier plan d’imagerie ;
sauvegarder le second plan d’imagerie transfor-
mé comme un plan de navigation ;
dans lequel la différence entre le premier plan
d’imagerie et le second plan d’imagerie au-delà
du seuil est basée sur le mouvement d’un dis-
positif de suivi de système d’imagerie associé
au système d’imagerie d’un premier emplace-
ment au premier instant à un second emplace-
ment au second instant.

7. Procédé selon la revendication 6, consistant en outre
à :

suivre le dispositif d’imagerie ;
acquérir des données d’image avec le dispositif
d’imagerie tout en suivant le dispositif
d’imagerie ; et
déterminer un emplacement d’une partie ima-
gée avec les données d’image par rapport au
dispositif de suivi du dispositif d’imagerie sur la
base du plan de navigation sauvegardé.

8. Procédé selon la revendication 7, consistant en outre
à :

afficher les données d’image acquises ;
sélectionner la partie imagée, dans lequel l’em-
placement déterminé est celui de la partie d’ima-
ge choisie ; et
afficher l’emplacement déterminé de la partie
d’image choisie.

9. Procédé selon la revendication 5, dans lequel le po-
sitionnement d’un système d’imagerie à un empla-
cement fixe choisi par rapport à un dispositif de vé-
rification à un premier instant et le positionnement
d’un système d’imagerie à l’emplacement fixe choisi

37 38 



EP 2 701 592 B1

21

5

10

15

20

25

30

35

40

45

50

55

par rapport à un dispositif de vérification à un second
instant consistent à placer un élément de logement
logeant un transducteur à ultrasons dans un évide-
ment claveté dans le dispositif de vérification dans
lequel l’élément de logement met en prise l’évide-
ment claveté dans une position et une orientation
uniques par rapport au dispositif de vérification.

10. Procédé selon la revendication 5,
dans lequel le premier plan d’imagerie est un plan
d’imagerie de navigation qui se trouve à un empla-
cement connu par rapport à un dispositif de suivi de
système d’imagerie fixé au système d’imagerie ;
dans lequel le suivi à la fois du système d’imagerie
et du dispositif de vérification au premier instant con-
siste à suivre à la fois le dispositif de suivi de système
d’imagerie fixe par rapport au système d’imagerie et
un dispositif de suivi de vérification fixe par rapport
au dispositif de vérification au premier instant ;
à déterminer un plan de vérification à un emplace-
ment de vérification déterminé du plan d’imagerie de
navigation par rapport au dispositif de vérification
sur la base de l’emplacement suivi à la fois du sys-
tème d’imagerie et du système de vérification au pre-
mier instant, dans lequel le plan de vérification com-
prend un emplacement du premier plan d’imagerie
du système d’imagerie par rapport au dispositif de
vérification et/ou un emplacement du dispositif de
suivi de système d’imagerie par rapport au dispositif
de suivi de vérification ; et
sauvegarder le plan d’imagerie de vérification déter-
miné dans le système de mémoire de vérification ;
retirer le système d’imagerie du dispositif de
vérification ; et
après le retrait du système d’imagerie,
fixer le système d’imagerie à l’emplacement choisi
par rapport au dispositif de vérification au second
instant ;
suivre à la fois le dispositif de suivi de système d’ima-
gerie fixe par rapport au système d’imagerie et le
dispositif de suivi de vérification fixe par rapport au
dispositif de vérification au second instant ; et
déterminer si le second emplacement de plan d’ima-
gerie au second instant correspond au plan de véri-
fication dans la limite d’une différence de seuil.

11. Procédé selon la revendication 10, dans lequel l’éta-
pe consistant à déterminer si le second emplace-
ment de plan d’imagerie au second instant corres-
pond au plan de vérification dans la limite d’une dif-
férence de seuil, consiste à :

déterminer un premier emplacement relatif en-
tre le système d’imagerie et le dispositif de vé-
rification au premier instant ;
déterminer un second emplacement relatif entre
le système d’imagerie et le dispositif de vérifica-
tion au second instant ; et

déterminer si une différence entre le premier
emplacement relatif déterminé et le second em-
placement relatif déterminé est supérieure à la
différence de seuil.

12. Procédé selon la revendication 11, dans lequel, si la
différence entre le premier emplacement relatif dé-
terminé et le second emplacement relatif déterminé
est supérieure à la différence de seuil, alors il con-
vient de déterminer un plan de navigation transformé
en transformant l’emplacement de plan d’imagerie
au second instant par la différence déterminée entre
le plan de vérification déterminé à l’emplacement de
vérification déterminé et l’emplacement de plan
d’imagerie au second instant.

13. Procédé selon la revendication 11, dans lequel la
différence déterminée comprend une différence de
translation et/ou une différence de rotation entre
l’emplacement de plan d’imagerie au second instant
et le plan de vérification.

14. Procédé selon la revendication 11, consistant en
outre à :
sauvegarder le plan de navigation transformé com-
me le plan de navigation pour la navigation avec le
système d’imagerie.

15. Procédé selon la revendication 11, consistant en
outre à :

acquérir des données d’image avec le système
d’imagerie ;
déterminer un emplacement d’une partie dans
le plan image de navigation du système d’ima-
gerie sur la base du plan de navigation transfor-
mé, et afficher l’emplacement déterminé de la
partie imagée.
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