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SYSTEMS AND METHODS FOR AIMING AND ALIGNING OF A
TREATMENT TOOL WITHIN AN X-RAY DEVICE OR AN ULTRASOUND
DEVICE ENVIRONMENT

FIELD OF THE INVENTION

[0001] The present invention relates to the field of systems and methods for aiming a treatment
tool, and more particularly, to systems and methods for aiming a treatment tool using an X-Ray

device or an ultrasound device.

BACKGROUND OF THE INVENTION

[0002] Aiming of a treatment tool at a target area and/or aligning of the treatment tool with respect
to a imaging device (e.g., such as X-Ray device, ultrasound device, etc.) typically requires at least
one of a rigid mechanical connection between the treatment tool and the guiding imaging device,
and an expensive and/or complex tracking unit capable of monitoring relative position and/or
orientation between the treatment tool and the imaging device at relatively high update frequency
(e.g., multiple times per second). Aiming and/or aligning of the treatment tool with respect to, for
example, X-ray device using X-ray imaging for tracking the treatment tool may also require

multiple exposures of a patient to X-Ray radiation.

[0003] There is an unmet need for a system and method for aiming and/or aligning of the treatment
tool within an environment of the imaging device that may reduce the cost and complexity of the
aiming and/or aligning as compared to current procedures while eliminating a need in rigid
mechanical connection between the treatment tool and the imaging device. With respect to X-Ray
device, there is an unmet need for a system and method for aiming and/or aligning of the treatment
tool within an environment of the X-Ray device that may reduce the exposure of the patient to the

X-Ray radiation as compared to current procedures.

SUMMARY OF THE INVENTION

[0004] Some embodiments may provide a system for aiming and aligning of a treatment tool in an
X-Ray device environment, the system may include: a calibration plate attachable to an X-Ray

device and including at least one radiopaque marker and at least one optical marker at



10

15

20

25

WO 2020/194302 PCT/IL2020/050355

predetermined positions within the calibration plate; a camera attachable to the treatment tool at a
predetermined position and orientation with respect to the treatment tool; and a processing unit in
communication with the camera and an X-Ray imaging unit of the X-Ray device, the processing
unit is configured to: receive, from the X-Ray imaging unit, an X-Ray image including a visual
representation of the at least one radiopaque marker; determine a position and orientation of the
calibration plate with respect to the X-Ray device based on the visual representation of the at least
one radiopaque marker in the X-Ray image, the predetermined position of the at least one
radiopaque marker within the calibration plate and specified parameters of the X-Ray device;
receive, from the camera, a camera image including a visual representation of the at least one
optical marker; determine a position and orientation of the camera with respect to the calibration
plate based on the visual representation of the at least one optical marker in the camera image and
the predetermined position of the at least one optical marker within the calibration plate; and
determine a position and orientation of the treatment tool with respect to the X-Ray device based
on the determined position and orientation of the calibration plate with respect to the X-Ray device,
the determined position and orientation of the camera within the calibration plate and the

predetermined position and orientation of the camera with respect to the treatment tool.

[0005] In some embodiments, the calibration plate may include at least one of: at least one non-
symmetric radiopaque marker; and multiple symmetric radiopaque markers that are

asymmetrically positioned within the calibration plate.

[0006] In some embodiments, the system may include a display and wherein the processing unit
is configured to present, on the display, a visual indicator that indicates the determined position

and orientation of the treatment tool.

[0007] In some embodiments, the processing unit is configured to: determine whether the
determined position and orientation of the treatment tool with respect to the X-Ray device is within
an allowed error range as compared to a required position and orientation of the treatment tool
with respect to the X-Ray device; and modify the visual indicator to thereby indicate whether the

position and orientation of the treatment tool is within the allowed error range thereof or not.

[0008] In some embodiments, the processing unit is configured to superimpose the visual indicator

on an X-Ray image of a target area within a patient.
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[0009] In some embodiments, the processing unit is configured to: detect, or mark, the target area
in the X-Ray image; determine whether the treatment tool is aligned with respect to the target area
based on the determined position and orientation of the treatment tool and the X-Ray image; and
modify the visual indicator to indicate whether the treatment tool is aligned with respect to the

target area.

[0010] In some embodiments, the processing unit is configured to: generate treatment tool guiding
instructions based on the determined position and orientation of the treatment tool with respect to

the X-Ray device; and display the treatment tool guiding instructions on the display.

[0011] In some embodiments, the treatment tool guiding instructions are indicative of one or more
directions in which the treatment tool should be moved and a measure of movement in each of the
one or more directions in order to bring the treatment tool into a position and orientation that is

within and allowed error range thereof.

[0012] In some embodiments, the processing unit is configured to display at least one of: treatment
tool visual data including a visual representation of at least a portion of the treatment tool; and
system components visual data including a visual representation of at least one component of the
system and indicative of an actual position and orientation of the respective at least one component

with respect to the treatment tool.

[0013] In some embodiments, the treatment tool is one of: a focused ultrasound transducer, and

an interventional treatment tool.

[0014] Some embodiments may provide a method of aiming and aligning of a treatment tool in an
X-Ray device environment, the method may include: attaching a calibration plate to an X-Ray
device, wherein the calibration plate may include at least one radiopaque marker and at least one
optical marker positioned at predetermined positions within the calibration plate; attaching a
camera to the treatment tool at a predetermined position and orientation with respect to the
treatment tool; obtaining, by the X-Ray device, an X-Ray image of the calibration plate, wherein
the X-Ray image may include a visual representation of the at least one radiopaque marker;
determining, by a processing unit, a position and orientation of the calibration plate with respect
to the X-Ray device based on the visual representation of the at least one radiopaque marker in the
X-Ray image, the predetermined position of the at least one radiopaque marker within the

calibration plate and specified parameters of the X-Ray device; obtaining, by the camera, a camera
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image including a visual representation of the at least one optical marker; determining a position
and orientation of the camera with respect to the calibration plate based on the visual representation
of the at least one optical marker in the camera image and the predetermined position of the at least
one optical marker within the calibration plate; and determining a position and orientation of the
treatment tool with respect to the X-Ray device based on the determined position and orientation
of the calibration plate with respect to the X-Ray device, the determined position and orientation
of the camera within the calibration plate and the predetermined position and orientation of the

camera with respect to the treatment tool.

[0015] In some embodiments, the method may include displaying, on a display, visual indicator

that indicates the determined position and orientation of the treatment tool.

[0016] In some embodiments, the method may include determining whether the determined
position and orientation of the treatment tool with respect to the X-Ray device is within an allowed
error range as compared to a required position and orientation of the treatment tool with respect to

the X-Ray device.

[0017] In some embodiments, the method may include modifying the visual indicator to thereby
indicate whether the position and orientation of the treatment tool is within the allowed error range

thereof or not.

[0018] In some embodiments, the method may include superimposing the visual indicator on an

X-Ray image of a target area within a patient.

[0019] In some embodiments, the method may include: detecting, or marking, the target area in
the X-Ray image; determining whether the treatment tool is aligned with respect to the target area
based on the determined position and orientation of the treatment tool and the X-Ray image; and
modifying the visual indicator to indicate whether the treatment tool is aligned with respect to the

target area.

[0020] In some embodiments, the method may include: generating treatment tool guiding
instructions based on the determined position and orientation of the treatment tool with respect to

the X-Ray device; and displaying the treatment tool guiding instructions on the display.

[0021] In some embodiments, the treatment tool guiding instructions are indicative of one or more

directions in which the treatment tool should be moved and a measure of movement in each of the
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one or more directions in order to bring the treatment tool into a position and orientation that is

within and allowed error range thereof.

[0022] In some embodiments, the method may include displaying at least one of: treatment tool
visual data including a visual representation of at least a portion of the treatment tool; and system
components visual data including a visual representation of at least one component of the system
and indicative of an actual position and orientation of the respective at least one component with

respect to the treatment tool.

[0023] In some embodiments, the method may include aiming and aligning the treatment tool
according to the visual indicator displayed on the display, without exposing a patient to X-Ray
imaging by the X-Ray device.

[0024] Some embodiments may provide a system for aiming and aligning of a treatment tool in an
ultrasound imaging device environment, the system may include: a calibration plate attachable to
an ultrasound imaging probe of the ultrasound imaging device and including at least one optical
marker at predetermined positions within the calibration plate; a camera attachable to the treatment
tool at a predetermined position and orientation with respect to the treatment tool; and a processing
unit in communication with the camera and an ultrasound imaging unit of the ultrasound imaging
device, the processing unit is configured to: receive, from the camera, a camera image including a
visual representation of the at least one optical marker; determine a position and orientation of the
camera with respect to the calibration plate based on the visual representation of the at least one
optical marker in the camera image and the predetermined position of the at least one optical
marker within the calibration plate; and determine a position and orientation of the treatment tool
with respect to the ultrasound imaging probe based on a predetermined position and orientation of
the calibration plate with respect to the ultrasound imaging probe, the determined position and
orientation of the camera with respect to the calibration plate and the known position and

orientation of the camera with respect to the treatment tool.

[0025] In some embodiments, the system may include a display and wherein the processing unit
is configured to present, on the display, a visual indicator that indicates the determined position

and orientation of the treatment tool.

[0026] In some embodiments, the processing unit is configured to: determine whether the

determined position and orientation of the treatment tool with respect to the ultrasound imaging
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probe is within an allowed error range as compared to a required position and orientation of the
treatment tool with respect to the ultrasound imaging probe; and modify the visual indicator to
thereby indicate whether the position and orientation of the treatment tool with respect to the

ultrasound imaging probe is within the allowed error range thereof or not.

[0027] In some embodiments, the processing unit is configured to superimpose the visual indicator

on an ultrasound image of a target area within a patient.

[0028] In some embodiments, the processing unit is configured to: detect, or mark, the target area
in the ultrasound image; determine whether the treatment tool is aligned with respect to the target
area based on the determined position and orientation of the treatment tool and the ultrasound
image; and modify the visual indicator to indicate whether the treatment tool is aligned with respect

to the target area.

[0029] In some embodiments, the processing unit is configured to: generate treatment tool guiding
instructions based on the determined position and orientation of the treatment tool with respect to

the ultrasound imaging probe; and display the treatment tool guiding instructions on the display.

[0030] In some embodiments, the treatment tool guiding instructions are indicative of one or more
directions in which the treatment tool should be moved and a measure of movement in each of the
one or more directions in order to bring the treatment tool into a position and orientation that is

within and allowed error range thereof.

[0031] In some embodiments, the processing unit is configured to display at least one of: treatment
tool visual data including a visual representation of at least a portion of the treatment tool; and
system components visual data including a visual representation of at least one component of the
system and indicative of an actual position and orientation of the respective at least one component

with respect to the treatment tool.

[0032] In some embodiments, the treatment tool is one of: a focused ultrasound transducer, and

an interventional treatment tool.

[0033] Some embodiments may provide a method of aiming and aligning of a treatment tool in an
ultrasound imaging device environment, the method may include: attaching a calibration plate to
an ultrasound imaging probe of the ultrasound imaging device, wherein the calibration plate may
include at least one optical marker positioned at predetermined positions within the calibration

plate; attaching a camera to the treatment tool at a predetermined position and orientation with
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respect to the treatment tool; obtaining, by the camera, a camera image including a visual
representation of the at least one optical marker; determining a position and orientation of the
camera with respect to the calibration plate based on the visual representation of the at least one
optical marker in the camera image and the predetermined position of the at least one optical
marker within the calibration plate; and determining a position and orientation of the treatment
tool with respect to the ultrasound imaging probe based on the determined position and orientation
of the calibration plate with respect to the ultrasound imaging probe, the determined position and
orientation of the camera within the calibration plate and a predetermined position and orientation

of the camera with respect to the treatment tool.

[0034] In some embodiments, the method may include displaying, on a display, visual indicator

that indicates the determined position and orientation of the treatment tool.

[0035] In some embodiments, the method may include determining whether the determined
position and orientation of the treatment tool with respect to the ultrasound imaging probe is within
an allowed error range as compared to a required position and orientation of the treatment tool

with respect to the ultrasound imaging probe.

[0036] In some embodiments, the method may include modifying the visual indicator to indicate
whether the position and orientation of the treatment tool with respect to the ultrasound imaging

probe is within the allowed error range thereof or not.

[0037] In some embodiments, the method may include superimposing the visual indicator on an

ultrasound image of a target area within a patient.

[0038] In some embodiments, the method may include: detecting, or marking, the target area in
the ultrasound image; determining whether the treatment tool is aligned with respect to the target
area based on the determined position and orientation of the treatment tool and the ultrasound
image; and modifying the visual indicator to indicate whether the treatment tool is aligned with

respect to the target area.

[0039] In some embodiments, the method may include: generating treatment tool guiding
instructions based on the determined position and orientation of the treatment tool with respect to

the ultrasound imaging probe; and displaying the treatment tool guiding instructions on the display.

[0040] In some embodiments, the treatment tool guiding instructions are indicative of one or more

directions in which the treatment tool should be moved and a measure of movement in each of the
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one or more directions in order to bring the treatment tool into a position and orientation that is

within and allowed error range thereof.

[0041] In some embodiments, the method may include displaying at least one of: treatment tool
visual data including a visual representation of at least a portion of the treatment tool; and system
components visual data including a visual representation of at least one component of the system
and indicative of an actual position and orientation of the respective at least one component with

respect to the treatment tool.

[0042] In some embodiments, the method may include aiming and aligning the treatment tool

according to the visual indicator displayed on the display.

[0043] Some embodiments may provide a system for aiming and aligning of a treatment tool in an
X-Ray device environment, the system may include: a calibration plate attachable to a treatment
tool and including at least one optical marker at predetermined positions within the calibration
plate; a camera attachable to the X-Ray device; and a processing unit in communication with the
camera and an X-Ray imaging unit of the X-Ray device, the processing unit is configured to:
receive, from the camera, a camera image including a visual representation of the at least one
optical marker; determine a position and orientation of the calibration plate with respect to the
camera based on the visual representation of the at least one optical marker in the camera image
and the predetermined position of the at least one optical marker within the calibration plate; and
determine a position and orientation of the treatment tool with respect to the X-Ray device based
on the determined position and orientation of the calibration plate with respect to the camera and

a position and orientation of the camera with respect to the X-Ray device.
[0044] In some embodiments, the position and orientation of the camera is known.

[0045] In some embodiments: the camera comprises at least one radiopaque marker at least partly
disposed within a field-of-view of an X-Ray source of the X-Ray; and the processing unit is
configured to: receive an X-Ray image including a visual representation of the at least one
radiopaque marker; and determine the position and orientation of the camera with respect to the

X-Ray device based on the visual representation of the at least one radiopaque marker.

[0046] In some embodiments, the system may include a display and wherein the processing unit
is configured to present, on the display, a visual indicator that indicates the determined position

and orientation of the treatment tool.



10

15

20

25

30

WO 2020/194302 PCT/IL2020/050355

[0047] In some embodiments, the processing unit is configured to: determine whether the
determined position and orientation of the treatment tool with respect to the X-Ray device is within
an allowed error range as compared to a required position and orientation of the treatment tool
with respect to the X-Ray device; and modify the visual indicator to thereby indicate whether the
position and orientation of the treatment tool with respect to the X-Ray device is within the allowed

error range thereof or not.

[0048] In some embodiments, the processing unit is configured to superimpose the visual indicator

on an X-Ray image of a target area within a patient.

[0049] In some embodiments, the processing unit is configured to: detect, or mark, the target area
in the X-Ray image; determine whether the treatment tool is aligned with respect to the target area
based on the determined position and orientation of the treatment tool and the X-Ray image; and
modify the visual indicator to indicate whether the treatment tool is aligned with respect to the

target area.

[0050] In some embodiments, the processing unit is configured to: generate treatment tool guiding
instructions based on the determined position and orientation of the treatment tool with respect to

the X-Ray device; and display the treatment tool guiding instructions on the display.

[0051] In some embodiments, the treatment tool guiding instructions are indicative of one or more
directions in which the treatment tool should be moved and a measure of movement in each of the
one or more directions in order to bring the treatment tool into a position and orientation that is

within and allowed error range thereof.

[0052] In some embodiments, the processing unit is configured to display at least one of: treatment
tool visual data including a visual representation of at least a portion of the treatment tool; and
system components visual data including a visual representation of at least one component of the
system and indicative of an actual position and orientation of the respective at least one component

with respect to the treatment tool.

[0053] In some embodiments, the treatment tool is one of: a focused ultrasound transducer, and

an interventional treatment tool.

[0054] Some embodiments may provide a method of aiming and aligning of a treatment tool in an
X-Ray device environment, the method may include: attaching a calibration plate to a treatment

tool, wherein the calibration plate includes at least one optical marker positioned at predetermined



10

15

20

25

WO 2020/194302 PCT/IL2020/050355

positions within the calibration plate; attaching a camera to the X-Ray device; obtaining, by the
camera, a camera image including a visual representation of the at least one optical marker;
determining a position and orientation of the treatment tool with respect to the camera based on
the visual representation of the at least one optical marker in the camera image and the
predetermined position of the at least one optical marker within the calibration plate; and
determining a position and orientation of the treatment tool with respect to the X-Ray device based
on the determined position and orientation of the calibration plate with respect to the camera and

a position and orientation of the camera with respect to the X-Ray device.
[0055] In some embodiments, the position and orientation of the camera is known.

[0056] In some embodiments, the method may include: attaching the camera to the X-Ray device
such that at least one radiopaque marker thereof is at least partly disposed within a field-of-view
of an X-Ray source of the X-Ray device; obtaining an X-Ray image including a visual
representation of the at least one radiopaque marker; and determining the position and orientation
of the camera with respect to the X-Ray device based on the visual representation of the at least

one radiopaque marker.

[0057] In some embodiments, the method may include displaying, on a display, visual indicator

that indicates the determined position and orientation of the treatment tool.

[0058] In some embodiments, the method may include determining whether the determined
position and orientation of the treatment tool with respect to the X-Ray device is within an allowed
error range as compared to a required position and orientation of the treatment tool with respect to
the X-Ray device.

[0059] In some embodiments, the method may include modifying the visual indicator to thereby

indicate whether the position and orientation of the treatment tool with respect to the X-Ray device

is within the allowed error range thereof or not.

[0060] In some embodiments, the method may include superimposing the visual indicator on an

X-Ray image of a target area within a patient.

[0061] In some embodiments, the method may include: detecting, or marking, the target area in
the X-Ray image; determining whether the treatment tool is aligned with respect to the target area

based on the determined position and orientation of the treatment tool and the X-Ray image; and

10
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modifying the visual indicator to indicate whether the treatment tool is aligned with respect to the

target area.

[0062] In some embodiments, the method may include: generating treatment tool guiding
instructions based on the determined position and orientation of the treatment tool with respect to

the X-Ray device; and displaying the treatment tool guiding instructions on the display.

[0063] In some embodiments, the treatment tool guiding instructions are indicative of one or more
directions in which the treatment tool should be moved and a measure of movement in each of the
one or more directions in order to bring the treatment tool into a position and orientation that is

within and allowed error range thereof.

[0064] In some embodiments, the method may include displaying at least one of: treatment tool
visual data including a visual representation of at least a portion of the treatment tool; and system
components visual data including a visual representation of at least one component of the system
and indicative of an actual position and orientation of the respective at least one component with

respect to the treatment tool.

[0065] In some embodiments, the method may include aiming and aligning the treatment tool
according to the visual indicator displayed on the display, without exposing a patient to X-Ray
imaging by the X-Ray device.

[0066] Some embodiments may provide a system for aiming and aligning of a treatment tool in an
ultrasound imaging device environment, the system may include: a calibration plate attachable to
a treatment tool and including at least one optical marker at predetermined positions within the
calibration plate; a camera attachable to an ultrasound imaging probe at a predetermined position
and orientation with respect to the ultrasound imaging probe; and a processing unit in
communication with the camera and an ultrasound imaging unit of the ultrasound imaging device,
the processing unit is configured to: receive, from the camera, a camera image including a visual
representation of the at least one optical marker; determine a position and orientation of the
calibration plate with respect to the camera based on the visual representation of the at least one
optical marker in the camera image and the predetermined position of the at least one optical
marker within the calibration plate; and determine a position and orientation of the treatment tool
with respect to the ultrasound imaging probe based on a predetermined position and orientation of

the calibration plate with respect to the treatment tool, the determined position and orientation of

11
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the calibration plate with respect to the camera and the known position and orientation of the

camera with respect to the ultrasound imaging probe.

[0067] In some embodiments, the system may include a display and wherein the processing unit
is configured to present, on the display, a visual indicator that indicates the determined position

and orientation of the treatment tool.

[0068] In some embodiments, the processing unit is configured to: determine whether the
determined position and orientation of the treatment tool with respect to the ultrasound imaging
probe is within an allowed error range as compared to a required position and orientation of the
treatment tool with respect to the ultrasound imaging probe; and modify the visual indicator to
thereby indicate whether the position and orientation of the treatment tool with respect to the

ultrasound imaging probe is within the allowed error range thereof or not.

[0069] In some embodiments, the processing unit is configured to superimpose the visual indicator

on an ultrasound image of a target area within a patient.

[0070] In some embodiments, the processing unit is configured to: detect, or mark, the target area
in the ultrasound image; determine whether the treatment tool is aligned with respect to the target
area based on the determined position and orientation of the treatment tool and the ultrasound
image; and modify the visual indicator to indicate whether the treatment tool is aligned with respect

to the target area.

[0071] In some embodiments, the processing unit is configured to: generate treatment tool guiding
instructions based on the determined position and orientation of the treatment tool with respect to

the ultrasound imaging probe; and display the treatment tool guiding instructions on the display.

[0072] In some embodiments, the treatment tool guiding instructions are indicative of one or more
directions in which the treatment tool should be moved and a measure of movement in each of the
one or more directions in order to bring the treatment tool into a position and orientation that is

within and allowed error range thereof.

[0073] In some embodiments, the processing unit is configured to display at least one of: treatment
tool visual data including a visual representation of at least a portion of the treatment tool; and
system components visual data including a visual representation of at least one component of the
system and indicative of an actual position and orientation of the respective at least one component

with respect to the treatment tool.

12
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[0074] In some embodiments, the treatment tool is one of: a focused ultrasound transducer, and

an interventional tool.

[0075] Some embodiments may provide a method of aiming and aligning of a treatment tool in an
ultrasound imaging device environment, the method may include: attaching a calibration plate to
a treatment tool, wherein the calibration plate includes at least one optical marker positioned at
predetermined positions within the calibration plate; attaching a camera to an ultrasound imaging
probe of an ultrasound imaging device at a predetermined position and orientation with respect to
the treatment tool; obtaining, by the camera, a camera image including a visual representation of
the at least one optical marker; determining a position and orientation of the calibration plate with
respect to the camera based on the visual representation of the at least one optical marker in the
camera image and the predetermined position of the at least one optical marker within the
calibration plate; and determining a position and orientation of the treatment tool with respect to
the ultrasound imaging probe based on a predetermined position and orientation of the calibration
plate with respect to the treatment tool, the determined position and orientation of the calibration
plate with respect to the camera and the known position and orientation of the camera with respect

to the ultrasound imaging probe.

[0076] In some embodiments, the method may include displaying, on a display, visual indicator

that indicates the determined position and orientation of the treatment tool.

[0077] In some embodiments, the method may include determining whether the determined
position and orientation of the treatment tool with respect to the ultrasound imaging probe is within
an allowed error range as compared to a required position and orientation of the treatment tool
with respect to the ultrasound imaging probe.

[0078] In some embodiments, the method may include modifying the visual indicator to indicate
whether the position and orientation of the treatment tool with respect to the ultrasound imaging
probe is within the allowed error range thereof or not.

[0079] In some embodiments, the method may include superimposing the visual indicator on an
ultrasound image of a target area within a patient.

[0080] In some embodiments, the method may include: detecting, or marking, the target area in

the ultrasound image; determining whether the treatment tool is aligned with respect to the target

area based on the determined position and orientation of the treatment tool and the ultrasound
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image; and modifying the visual indicator to indicate whether the treatment tool is aligned with

respect to the target area.

[0081] In some embodiments, the method may include: generating treatment tool guiding
instructions based on the determined position and orientation of the treatment tool with respect to

the ultrasound imaging probe; and displaying the treatment tool guiding instructions on the display.

[0082] In some embodiments, the treatment tool guiding instructions are indicative of one or more
directions in which the treatment tool should be moved and a measure of movement in each of the
one or more directions in order to bring the treatment tool into a position and orientation that is

within and allowed error range thereof.

[0083] In some embodiments, the method may include displaying at least one of: treatment tool
visual data including a visual representation of at least a portion of the treatment tool; and system
components visual data including a visual representation of at least one component of the system
and indicative of an actual position and orientation of the respective at least one component with

respect to the treatment tool.

[0084] In some embodiments, the method may include aiming and aligning the treatment tool

according to the visual indicator displayed on the display.

[0085] These, additional, and/or other aspects and/or advantages of the present invention are set
forth in the detailed description which follows; possibly inferable from the detailed description;

and/or learnable by practice of the present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0086] For a better understanding of embodiments of the invention and to show how the same can
be carried into effect, reference will now be made, purely by way of example, to the accompanying
drawings in which like numerals designate corresponding elements or sections throughout.

In the accompanying drawings:

[0087] Fig. 1 is a schematic illustration of a first embodiment of a system for aiming and/or
aligning of a treatment tool in an X-Ray device environment, according to some embodiments of

the invention;
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[0088] Figs. 2A and 2B are schematic illustrations of a calibration plate for a system for aiming
and/or aligning of a treatment tool within an X-Ray device environment, according to some

embodiments of the invention;

[0089] Fig. 2C is an image of a calibration plate for a system for aiming and/or aligning of a
treatment tool within an X-Ray device environment, according to some embodiments of the
invention;

[0090] Fig. 3 is an X-Ray image of a calibration plate for a system for aiming and/or aligning of
a treatment tool within an X-Ray device environment, according to some embodiments of the
invention;

[0091] Fig. 4 is a camera image of a calibration plate of a system for aiming and/or aligning of a
treatment tool within an X-Ray device environment, according to some embodiments of the

invention.

[0092] Figs. SA, 5B and 5C are schematic illustrations of a system for aiming and/or aligning of
a treatment tool in an X-Ray device environment, wherein the treatment tool requires alignment

thereof with respect to the X-Ray device, according to some embodiments of the invention;

[0093] Fig. SD is a schematic illustration of a system for aiming and/or aligning of a treatment
tool in an X-Ray device environment, wherein the treatment tool has an X-Ray aiming and aligning

device, according to some embodiments of the invention;

[0094] Figs. SE and SF are schematic illustrations of a visual representation of an X-Ray aiming
and aligning device of a treatment tool and of a visual indicator generated by a processing unit of
a system for aiming and/or aligning a treatment tool in an X-Ray device environment, according

to some embodiments of the invention;

[0095] Fig. 5G presents schematic illustrations of a system for aiming and/or aligning of a
treatment tool in an X-Ray device environment and a flowchart of a method of using the system,
according to some embodiments of the invention;

[0096] Fig. 6 is a schematic illustration of a first embodiment of a system for projecting a focused
ultrasound energy, according to some embodiments of the invention;

[0097] Fig. 7 is a flowchart of a first method of aiming and/or aligning of a treatment tool in an

X-Ray device environment, according to some embodiments of the invention;
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[0098] Fig. 8 is a schematic illustration of a first embodiment of a system for aiming and/or
aligning a treatment tool in an ultrasound imaging device environment, according to some

embodiments of the invention;

[0099] Figs. 9A and 9B are schematic illustrations of a calibration plate for a system for aiming
and/or aligning a treatment tool in an ultrasound imaging device environment, according to some

embodiments of the invention;

[00100] Fig. 10 is a camera image of a calibration plate for a system for aiming and/or aligning a
treatment tool in an ultrasound imaging device environment, according to some embodiments of

the invention;

[00101] Fig. 11 is a schematic illustration of a second embodiment of a system for projecting a

focused ultrasound energy, according to some embodiments of the invention;

[00102] Fig. 12 is a flowchart of a first method of aiming and/or aligning a treatment tool in an

ultrasound imaging device environment, according to some embodiments of the invention;

[00103] Fig. 13 is a schematic illustration of a calibration setup for a system for aiming and/or
aligning a treatment tool in an ultrasound imaging device environment, according to some

embodiments of the invention;

[00104] Fig. 14A is a flowchart of a method of guiding an aiming and/or aligning of a treatment

tool in an imaging device environment, according to some embodiments of the invention; and

[00105] Fig. 14B is a schematic illustration of guiding features for guiding an aiming and/or
aligning of a treatment tool in an imaging device environment, according to some embodiments of
the invention;

[00106] Figs. 15A and 15B are schematic illustrations of a second embodiments of a system for
aiming and/or aligning of a treatment tool in an X-Ray device environment, according to some
embodiments of the invention;

[00107] Fig. 16 is a flowchart of a second method of aiming and/or aligning a treatment tool in
an X-Ray device environment, according to some embodiments of the invention;

[00108] Fig. 17 is a schematic illustration of a second embodiment of a system for aiming and/or
aligning of a treatment tool in an ultrasound imaging device environment, according to some

embodiments of the invention; and
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[00109] Fig. 18 which is a flowchart of a second method of aiming and/or aligning a treatment
tool in an ultrasound imaging device environment, according to some embodiments of the

invention.

[00110] It will be appreciated that, for simplicity and clarity of illustration, elements shown in the
figures have not necessarily been drawn to scale. For example, the dimensions of some of the
elements may be exaggerated relative to other elements for clarity. Further, where considered
appropriate, reference numerals may be repeated among the figures to indicate corresponding or

analogous elements.

DETAILED DESCRIPTION OF THE INVENTION

[00111] In the following description, various aspects of the present invention are described. For
purposes of explanation, specific configurations and details are set forth in order to provide a
thorough understanding of the present invention. However, it will also be apparent to one skilled
in the art that the present invention can be practiced without the specific details presented herein.
Furthermore, well known features can have been omitted or simplified in order not to obscure the
present invention. With specific reference to the drawings, it is stressed that the particulars shown
are by way of example and for purposes of illustrative discussion of the present invention only and
are presented in the cause of providing what is believed to be the most useful and readily
understood description of the principles and conceptual aspects of the invention. In this regard, no
attempt is made to show structural details of the invention in more detail than is necessary for a
fundamental understanding of the invention, the description taken with the drawings making
apparent to those skilled in the art how the several forms of the invention can be embodied in

practice.

[00112] Before at least one embodiment of the invention is explained in detail, it is to be
understood that the invention is not limited in its application to the details of construction and the
arrangement of the components set forth in the following description or illustrated in the drawings.
The invention is applicable to other embodiments that can be practiced or carried out in various
ways as well as to combinations of the disclosed embodiments. Also, it is to be understood that
the phraseology and terminology employed herein is for the purpose of description and should not

be regarded as limiting.
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[00113] Unless specifically stated otherwise, as apparent from the following discussions, it is
appreciated that throughout the specification discussions utilizing terms such as "processing”,
"computing", "calculating", "determining", “enhancing” or the like, refer to the action and/or
processes of a computer or computing system, or similar electronic computing device, that
manipulates and/or transforms data represented as physical, such as electronic, quantities within
the computing system's registers and/or memories into other data similarly represented as physical
quantities within the computing system's memories, registers or other such information storage,

transmission or display devices. Any of the disclosed modules or units can be at least partially

implemented by a computer processor.

[00114] Reference is now made to Fig. 1, which is a schematic illustration of a first embodiment
of a system 100 for aiming and/or aligning of a treatment tool 90 in an X-Ray device 80

environment, according to some embodiments of the invention.

[00115] According to some embodiments, system 100 may include a calibration plate 110, a
camera 120 and a processing unit 130 (e.g., as shown in Fig. 1). Fig. 1 shows a side view of system
100. System 100 may enable aiming of a treatment tool 90 at a target area 72 within a patient 70
and/or aligning of treatment tool 90 with respect to an X-Ray device 80, while significantly
reducing the exposure of patient 70 to X-Ray radiation as compared to treatment procedures that

are performed without system 100.

[00116] X-Ray device 80 may be any type of fluoroscopy device, for example, a C-arm type, G-
arm type or O-arm type (e.g., 9-inch, 12-inch or flat screen device) and may include an X-Ray
intensifier 82, an X-Ray source 83, an X-Ray imaging unit 84 and an X-Ray display 86 (e.g., as
show in Fig. 1).

[00117] Treatment tool 90 may be, for example, an invasive treatment tool (such as a needle (e.g.,
biopsy needle, radiofrequency needle) and/or a probe) or a non-invasive treatment tool (such as an
ultrasound transducer or a focused ultrasound transducer) that needs to be aimed with respect to
target area 72 and/or aligned with respect to X-Ray device 80. For example, Fig. 1 shows a needle
as an example for treatment tool 90. In another example, Figs. SA-5G and Fig. 6 show a focused

ultrasound transducer as an example for treatment tool 90.

[00118] According to some embodiments, calibration plate 110 may include at least one

radiopaque marker 112 and at least one optical marker 114. Radiopaque marker(s) 112 and optical
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marker(s) 114 may be positioned within calibration plate 110 (e.g., within the perimeter of the
calibration plate, optionally on the surface thereof) at predetermined and/or known positions.
Calibration plate 110 may be attachable, or removably attachable, to X-Ray device 80 such that
calibration plate 110 will be in a field-of-view 83a of X-Ray source 83. For example, calibration
plate 110 may be attachable, or removably attachable, to X-Ray intensifier 82 of X-Ray device 80.
Various embodiments of calibration plate 110 are described below with respect to Figs. 2A, 2B

and 2C.

[00119] According to some embodiments, camera 120 is attachable, or removably attachable, to
treatment tool 90. Camera 120 may be attachable to treatment tool 90 at a predetermined and/or

known position and orientation with respect to treatment tool 90.

[00120] Camera 120 may be attachable to treatment tool 90 such that at least a portion of
calibration plate 110 will be within a field of view 121 of camera 120, for example during a
treatment procedure, and/or such that camera 120 is out of a field of view 83a (or substantially out

of the field of view) of X-Ray device 80 (e.g., as shown in Fig. 1).

[00121] In some embodiments, system 100 may include a camera connector 122. Camera
connector 122 may be configured to tightly and stably attach camera 120 to treatment tool 90 and
to prevent unintended relative movements of camera 120 with respect to treatment tool 90. In some
embodiments, camera connector 122 may be made of a radiolucent material. In this manner,

camera connector 122 does not interfere with X-Ray imaging performed by X-Ray device 80.

[00122] In some embodiments, camera connector 122 may enable a controlled rotation of camera
120. This may, for example, enable to follow calibration plate 110, for example when treatment
tool 90 is moved or in the case of 90° degrees tilt of the C-arm of X-Ray device 80 for capturing a

side view of the patient anatomy.

[00123] In some embodiments, system 100 may include a second camera. The second camera
may be tightly and stably attachable (e.g., using a connector like connector 122) to treatment tool
90 at a predetermined angle with respect to camera 120. For example, the second camera may be
attached to treatment tool 90 at an angle of 90° with respect to camera 120. This may, for example,
enable to capture calibration plate 110 by the second camera if calibration plate 110 exits field-of-
view 121 of camera 120, for example due to movement of treatment tool 90 or 90 degrees tilt of

the C-arm for capturing a side view of the patient anatomy.
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[00124] According to some embodiments, processing unit 130 may be in communication (e.g.,

wired or wireless) with camera 120 and with an X-Ray imaging unit 84 of X-Ray device 80.

[00125] According to some embodiments, processing unit 130 may be configured to receive, from
X-Ray imaging unit 84, one or more X-Ray images of calibration plate 110. X-Ray image(s) of
calibration plate 110 may include a visual representation of radiopaque marker(s) 112 (e.g., as

shown in and described below with respect to Fig. 3).

[00126] According to some embodiments, processing unit 130 may be configured to determine a
position and orientation of calibration plate 110 with respect to X-Ray device 80 based on the
visual representation of radiopaque marker(s) 112, based on the known positions of radiopaque
markers 112 within calibration plate 110 and based on specified parameters, or specified model,
of X-Ray device 80. The specified parameters/model of X-Ray device 80 may, for example,
include a distance value of X-Ray source 83 to X-Ray intensifier 82 and a size of a field of view

of X-Ray intensifier 82 (e.g., the metric size of an image pixel on X-Ray intensifier 82).

[00127] In some embodiments, processing unit 130 may be configured to identify the visual
representation of radiopaque marker(s) 112 in the X-Ray image(s) of calibration plate 110. The

identification thereof may be utilized using, for example, pattern matching algorithms.

[00128] In some embodiments, processing unit 130 may be further configured to determine one
or more vectors that extend from X-Ray source 83 towards X-Ray intensifier 82 and calibration
plate 110 attached thereto and intersect with calibration plate 110. The vector(s) may, for example,
represent X-Rays generated by X-Ray source 83. The determination of vector(s) may be based on,

for example, the specified model of X-Ray device 80.

[00129] In some embodiments, processing unit 130 may be further configured to determine one

or more intersections of the corresponding one or more vectors with calibration plate 110.

[00130] In some embodiments, processing unit 130 may be further configured to compare the
predetermined/known positions of the radiopaque marker(s) 112 within calibration plate 110 with
the determined intersection(s) of the vector(s) with calibration plate 110. The comparison thereof
may be utilized using, for example, point-cloud matching algorithms (e.g., brute-force algorithm

or iterative closest point algorithm).

[00131] In some embodiments, processing unit 130 may be further configured to determine the

position and orientation of calibration plate 110 with respect to X-Ray device 80 based on the
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comparison between the predetermined/known positions of the radiopaque marker(s) 112 within
calibration plate 110 with the determined intersection(s) of the vector(s) with calibration plate 110.
The determination thereof may be utilized using, for example, aligning algorithms such as Singular

Value Decomposition (SVD) algorithm.

[00132] According to some embodiments, processing unit 130 may be configured to receive, from
camera 120, one or more camera images of calibration plate 110. Camera image(s) of calibration
plate 110 may include a visual representation of optical marker(s) 114 (e.g., as shown in and

described below with respect to Fig. 4).

[00133] According to some embodiments, processing unit 130 may be configured to determine a
position and orientation of camera 120 with respect to calibration plate 110 (that may be attached
to, for example, X-Ray intensifier 82) based on the visual representation of optical marker(s) 114
in the camera image(s), based on the known positions of optical marker(s) 114 within calibration
plate 110 and based on parameters of camera 120 (e.g., such as distortion, field of view 121, etc.).

The determination thereof may be utilized using, for example, bundle adjustment/PnP algorithms.

[00134] According to some embodiments, processing unit 130 may be configured to determine a
position and orientation of treatment tool 90 with respect to X-Ray device 80 based on the
determined position and orientation of calibration plate 110 with respect to X-Ray device 80, the
determined position and orientation of camera 120 with respect to calibration plate 110 and the

known position and orientation of camera 120 with respect to the treatment tool 90.

[00135] According to some embodiments, system 100 may include a display 140. Processing unit
130 may be configured to present, for example on display 140 and/or on X-ray display 86, at least
one visual indicator 142 that indicates the determined position and orientation of treatment tool

90.

[00136] In some embodiments, processing unit 130 may be configured to determine whether the
determined position and orientation of treatment tool 90 with respect to X-Ray device 80 is within
an allowed error range as compared to a required position and orientation of treatment tool 90 with
respect to X-Ray device 80. In some embodiments, processing unit 130 may be configured to
update visual indicator(s) 142 to thereby indicate whether the position and orientation of treatment

tool 90 is within the allowed error range thereof or not. The modification of visual indicator(s) 142
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may, for example, include change of a color and/or a shape of visual indicator(s) 142 (e.g.,

according to predetermined rules).

[00137] In various embodiments, processing unit 130 may be configured to superimpose visual
indicator 142 on, for example, an X-Ray image of target area 72 of patient 70 to yield a
superimposed image, and to display the superimposed image on display 140 and/or on X-Ray
display 86.

[00138] In some embodiments, processing unit 130 may be configured to detect, or mark, target
area 72 in the X-Ray image thereof. In some embodiments, the marking may be made based on
user’s input. Processing unit 130 may be configured to determine whether treatment tool 90 is
aligned with respect to target area 72 based on the determined position and orientation of treatment
tool 90 and the X-Ray image. In some embodiments, processing unit 130 may be configured to
update visual indicator 142 to thereby indicate whether treatment tool 90 is aligned with target

area 72 or not.

[00139] In some embodiments, processing unit 130 may generate treatment tool guiding
instructions based on the determined position and orientation of treatment tool 90 with respect to
X-Ray device 80 and display the treatment tool guiding instructions on display 86/140 (e.g., as
described below with respect to Figs. 14A and 14B). The guiding instruction may be indicative of
one or more directions in which treatment tool 90 should be moved (e.g., displaced and/or tilted)
and/or a measure of movement in each of the direction(s) in order to bring treatment tool 90 into
a position and orientation that is within the allowed error range thereof. The treatment tool guiding
instructions may, for example, enable easy and intuitive aiming and/or aligning of treatment tool

90 with respect to target area 72 and/or X-Ray device 80.

[00140] System 100 may enable the user (e.g., treating physician) to aim treatment tool 90 at
target area 72 and/or to align (e.g., translate, tilt, pitch, yaw, roll, etc.) treatment tool 90 with respect
to X-Ray device 80 using visual indicator 142 displayed on display 140 and/or on X-Ray display
86. Visual indicator 142 may indicate the position and orientation of treatment tool 90 with respect
to X-Ray device 80, which eliminates (or substantially eliminates) a need in X-Ray imaging of
patent 70 during the aiming and/or aligning of treatment tool 90. When using system 100, X-Ray
imaging may be required only at final stages of aiming and/or aligning of treatment tool 90 in order
to verify, prior to application of the treatment, that the actual position and orientation of treatment

tool 90 with respect to X-Ray device 80 corresponds to the required position and orientation
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thereof or within the allowed error range thereof. In this manner, system 100 may enable
significantly reducing the exposure of the patient and/or the user to the X-Ray radiation during the
treatment procedure as compared to current treatment procedures that require multiple exposures

of patient 70 to X-Ray radiation during aiming and/or aligning of treatment tool 90.

[00141] Reference is made to Figs. 2A and 2B, which are schematic illustrations of a calibration
plate 200 as may be used in a system for aiming and/or aligning of a treatment tool 90 within an
X-Ray device 80 environment (such as system 100), according to some embodiments of the

invention.

[00142] Reference is also made to Fig. 2C, which is an image of a calibration plate 200 as may
be used in a system for aiming and/or aligning of a treatment tool 90 within an X-Ray device 80

environment (such as system 100), according to some embodiments of the invention.

[00143] According to some embodiments, calibration plate 200 may be used in a system for
aiming and/or aligning a treatment tool 90 within an X-Ray device 80 environment (e.g., such as
system 100 described above with respect to Fig. 1). For example, calibration plate 200 may be

calibration plate 110 described above with respect to Fig. 1.

[00144] Figs. 2A, 2B and 2C show a face of calibration plate 200 that is marked with optical

and/or radiopaque markers.

[00145] According to some embodiments, calibration plate 200 may include at least one
radiopaque marker 210 at a known position within calibration plate 200 (e.g., as shown in Fig.
2A). Radiopaque marker(s) 210 may be asymmetric with respect to at least one of its axes. For
example, Fig. 2A shows single radiopaque marker 210 that has a shape of an arrow (e.g., that is
asymmetric with respect to its traverse axis). In some embodiments, radiopaque marker(s) 210

may be radiopaque marker(s) 112 described above with respect to Fig. 1.

[00146] In embodiments shown in Fig. 2A, radiopaque marker(s) 210 may have any non-
symmetric shape that may enable determination/identification of the position and orientation of
calibration plate 200 (e.g., with respect to X-Ray device 80) based on the visual representation of
radiopaque marker(s) 210 in the X-Ray image of calibration plate 200 (e.g., as described above
with respect to Fig. 1).

[00147] According to some embodiments, calibration plate 200 may include multiple radiopaque

markers 220 (e.g., as shown in Figs. 2B and 2C). Radiopaque markers 220 may be symmetric or
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asymmetric (e.g., with respect to at least one of their axes). For example, radiopaque markers 220
may be spheres (e.g., symmetric markers) or arced arrows (e.g., asymmetric markers). Radiopaque
markers 220 may be asymmetrically distributed within calibration plate 220 (e.g., with respect to
at least one of axes of calibration plate 220). In some embodiments, radiopaque marker(s) 220 may

be radiopaque marker(s) 112 described above with respect to Fig. 1.

[00148] In embodiments shown in Figs. 2B and 2C, the positions of radiopaque markers 220
within calibration plate 200 may be predetermined to enable determination/identification of the
position and orientation of calibration plate 200 (e.g., with respect to X-Ray device 80) based on
the visual representation of radiopaque markers 220 in the X-Ray image of calibration plate 200

(e.g., as described above with respect to Fig. 1).

[00149] In some embodiments, the processing unit (e.g., processing unit 130 described above
with respect to Fig. 1) may be configured to detect and correct, based on the visual representation
of radiopaque markers 220 in the X-Ray image of calibration plate 200, a rotation and/or a flip of
the X-Ray image with respect the visual representation of radiopaque markers 220 in previous X-
Ray image of calibration plate 200. The detection of the rotation and/or flip of the X-Ray image
may be performed, in some embodiments, for each obtained X-Ray image as the detection is fast

in means of computational time.

[00150] According to some embodiments, calibration plate 200 includes multiple optical markers
230 positioned at predetermined positions within calibration plate 200 (e.g., as shown in Figs. 2A,
2B and 2C). In some embodiments, optical marker(s) 230 may be optical marker(s) 114 described

above with respect to Fig. 1.

[00151] In some embodiments, each of optical marker(s) 230 may include its unique visual label.
The visual labels of optical marker(s) 230 may, for example, include barcodes, QR codes, graphical
patterns or shapes, Aruco, apriltag, ARtag and the like, that may bear additional data associated
with the visual label. The visual labels may, for example, encode the position of optical marker(s)

230 within calibration plate 200.

[00152] Parameters of optical marker(s) 230, such as for example, the amount of optical marker(s)
230, the dimensions of optical marker(s) 230 and/or the visual labels of optical marker(s) 230 may
be determined based on, for example, a resolution of camera 120. The parameters of optical

marker(s) 230 may be further determined to enable determination/identification of the position and
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orientation of the camera (e.g., camera 120 as described above with respect to Fig. 1) with respect
to calibration plate 200 based on the visual representation of optical marker(s) 230 in the camera

image of calibration plate 200 (e.g., as described above with respect to Fig. 1).

[00153] According to various embodiments, calibration plate 200 may made of a radiolucent
and/or rigid material. For example, calibration plate 200 may be made of plexiglass, cardboard,
foamboard and/or adhesive material. In this manner, deformation of calibration plate 200, and thus
displacement of radiopaque marker(s) 210, 220 and optical marker(s) 230 from the predetermined

positions thereof may be prevented.

[00154] In various embodiments, radiopaque marker(s) (e.g., radiopaque marker(s) 210 and/or
220) may be embedded within or attached to a surface of calibration plate 200 (e.g., as shown in
Fig. 2C). In some embodiments, optical marker(s) 230 may be printed on the surface of calibration

plate 200 (e.g., as shown in Fig. 2C).

[00155] In some embodiments, calibration plate 200 may have matte surface. The matte surface
of calibration plate 200 may, for example, reduce light reflection from light sources in the
operating room and eliminate (or substantially eliminate) a glare in the camera image due to the
light reflection thereof and thereby and avoid a loss of information that may be obtained from

optical markers 230.

[00156] Reference is now made to Fig. 3, which is an X-Ray image 300 of a calibration plate
(such as calibration plates 110 or 200) for a system for aiming and/or aligning of a treatment tool
90 within an X-Ray device 80 environment (such as system 100), according to some embodiments

of the invention.

[00157] Fig. 3 depicts, for example, an X-Ray image 300 of a calibration plate (e.g., calibration
plate 200 depicted in Fig. 2C). X-ray image 300 may be obtained using X-Ray device 80 prior to,
or during, the treatment procedure (e.g., as described above with respect to Fig. 1). X-Ray image
300 includes a visual representation 310 of radiopaque markers asymmetrically positioned at
predetermined positions thereof within the calibration plate (e.g., radiopaque markers 220 depicted
in Fig. 2C).

[00158] Reference is now made to Fig. 4, which is a camera image 400 of a calibration plate (such

as calibration plates 110 or 200) of a system for aiming/aligning of a treatment tool 90 within an
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X-Ray device 80 environment (such as system 100), according to some embodiments of the

invention.

[00159] Fig. 4 depicts, for example, a camera image 400 of a calibration plate (e.g., calibration
plate 200 depicted in Fig. 2C). Camera image 400 may be obtained using a camera (e.g., camera
120 as described above with respect to Fig. 1) attached to treatment tool 90 during, for example, a
treatment procedure. Camera image 400 may include a visual representation 410 of optical markers
positioned at predetermined positions thereof within the calibration plate (e.g., optical markers 230
depicted in Fig. 2C).

[00160] Reference is now made to Figs. SA, SB and 5C, which are schematic illustrations of a
system 500 for aiming and/or aligning of a treatment tool 90 in an X-Ray device 80 environment,
wherein treatment tool 90 requires alignment thereof with respect to X-Ray device 80, according

to some embodiments of the invention.

[00161] Some treatment tools 90 need to be aligned with respect to X-Ray device 80 in order to
safely apply the treatment. For example, the required position and orientation of such treatment
tools (e.g., the required position and orientation described above with respect to Fig. 1) may
include alignment of a central longitudinal axis 90a of treatment tool 90 with a central longitudinal
axis 81 of X-Ray device 80 (e.g., axis that extends between centers of X-Ray source 83 and X-
Ray intensifier 82). An example of such treatment tool 90 may include a focused ultrasound (FUS)
transducer configured to project a focused ultrasound energy 98 onto target area 72 within patient
70, such as a human patient, or any other mammal — e.g., as schematically illustrated in Figs. 5A,

5B and 5C.

[00162] Forexample, Fig. SA shows treatment tool 90 that is aligned along its central longitudinal
axis 90a with central longitudinal axis 81 of X-Ray device 80. Figs. 5B and 5C show treatment

tool 90 that is misaligned with respect to central longitudinal axis 81 of X-Ray device 80.

[00163] According to some embodiments, system 500 may include a calibration plate 510, a
camera 520 and a processing unit 530 (e.g., as shown in Fig. SA). For example, system 500 may

be a system such as system 100 described above with respect to Fig. 1.

[00164] According to some embodiments, calibration plate 510 may be attachable, or removably

attachable, to X-Ray device 80 such that calibration plate 510 will be in a field-of-view 83a of X-
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Ray source 83. For example, calibration plate 510 may be attachable, or removably attachable, to

X-Ray intensifier 82 of X-Ray device 80.

[00165] For example, calibration plate 510 may be calibration plate 110 (described above with
respect to Fig. 1) or calibration plate 200 (described above with respect to Figs. 2A, 2B and 2C).
Radiopaque marker(s) 512 may be radiopaque marker(s) 112 (described above with respect to Fig.
1), radiopaque marker(s) 210 (described above with respect to Fig. 2A) or radiopaque marker(s)
220 (described above with respect to Figs. 2B and 2C). Optical marker(s) 514 may be optical
marker(s) 114 (described above with respect to Fig. 1) or optical marker(s) 230 (described above
with respect to Figs. 2A, 2B and 2C).

[00166] According to some embodiments, camera 520 may be attachable, or removably
attachable, to treatment tool 90 (for example, using a camera connector 522) at a
predetermined/known position and orientation with respect to treatment tool 90. For example,
camera 520 and camera connector 522 may be a camera and connector such as camera 120 and

camera connector 122, respectively, described above with respect to  Fig. 1.

[00167] According to some embodiments, processing unit 530 may be in communication (wired
or wireless) with X-Ray imaging unit 84 and camera 520. For example, processing unit 530 may

be processing unit 130 described above with respect to Fig. 1.

[00168] Processing unit 530 may be configured to determine the position and orientation of

treatment tool 90 with respect to X-Ray device 80 (e.g., as described above with respect to Fig. 1).

[00169] In various embodiments, processing unit 530 may be configured to determine, based on
the determined position and orientation of treatment tool 90 with respect to X-Ray device 80,
whether central longitudinal axis 90a of treatment tool 90 is aligned along / misaligned with respect
to central longitudinal axis 81 of X-Ray device 80 and/or whether the misalignment thereof is
within the allowed error range (e.g., the allowed error range described above with respect to Fig.
).

[00170] According to various embodiments, processing unit 530 may be configured to display,
for example, on a display 540 and/or on X-Ray display 86, a visual indicator 542 that indicates the
determined position and orientation of treatment tool 90 with respect to X-Ray device 80 (e.g., as
described above with respect to Fig. 1). Visual indicator 542 may be visual indicator 142 described

above with respect to Fig. 1.
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[00171] Visual indicator 542 may be further configured to indicate whether central longitudinal
axis 90a of treatment tool 90 is aligned along or misaligned with respect to central longitudinal
axis 81 of X-Ray device 80 and/or whether the misalignment therebetween is within the allowed

€1Tor range.

[00172] In some embodiments, visual indicator 542 may include a first visual member 542a and
a second visual member 542b (e.g., as shown in Figs. 5A, 5B and 5C). First visual member 542a
and second visual marker 542b may have different shapes, dimensions or other visual parameters
(e.g., color, line width, etc.). For example, first visual member 542a and second visual member
542b may have any combination of ring-like markers (e.g., “O”), cross-like markers (e.g., “+”) or

the like.

[00173] For example, when processing unit 530 determines that central longitudinal axis 90a of
treatment tool 90 is aligned along central longitudinal axis 81 of X-Ray device 80, first visual
member 542a and second visual member 542b may coincide with respect to each other when
displayed on display 540 and/or X-Ray display 86.

[00174] Yet in this example, when processing unit 530 determines that central longitudinal axis
90a of treatment tool 90 is misaligned with respect to central longitudinal axis 81 of X-Ray device
80, first visual member 542a and second visual member 542b do not coincide with respect to each

other when displayed on display 540 and/or X-Ray display 86.

[00175] In some embodiments, processing unit 530 may be configured to update the visual
parameters of visual indicator 542 (or of first visual member 542a and second visual member 542b)

based on the determined position and orientation of treatment tool 90 with respect to X-Ray device

80.

[00176] For example, when central longitudinal axis 90a of treatment tool 90 is aligned along
central longitudinal axis 81 of X-Ray device 80 or when the misalignment therebetween is within

the allowed error range, visual indicator 542 may have, for example, green color.

[00177] Yet in this example, when the misalignment between central longitudinal axis 90a of
treatment tool 90 and central longitudinal axis 81 of X-Ray device 80 is not within the allowed

error range, visual indicator 542 may have, for example, red color.
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[00178] Figs. SA, 5B and 5C show a non-limiting example of first visual member 542a and
second visual member 542b that have ring-like shapes, wherein the diameter of second visual

member 542b is smaller than the diameter of first visual member 542a.

[00179] In this example, when processing unit 530 determines that central longitudinal axis 90a
of treatment tool 90 is aligned along central longitudinal axis 81 of X-Ray device 80, first visual
member 542a and second visual member 542b may coincide with respect to each other when
displayed on display 540 and/or X-Ray display 86 (e.g., as shown in Fig. SA).

[00180] Yet in this example, when processing unit 530 determines that central longitudinal axis
90a of treatment tool 90 is misaligned with respect to central longitudinal axis 81 of X-Ray device
80 and when the misalignment therebetween is within the allowed error range, second visual
member 542b may be completely positioned within first visual member 542a, when displayed on

display 540 and/or X-Ray display 86, but not coincide therewith (e.g., as shown in Fig. 5B).

[00181] Yet in this example, when processing unit 530 determines the misalignment between
central longitudinal axis 90a of treatment tool 90 and central longitudinal axis 81 of X-Ray device
80 is not within the allowed error range, second visual member 542b may only partly overlap, or
not overlap at all, within first visual member 542a, when displayed on display 540 and/or X-Ray
display 86 (.g., as shown in Fig. 5C).

[00182] Reference is now made to Fig. 5D, which is a schematic illustration of a system 500 for
aiming and/or aligning of a treatment tool 90 in an X-Ray device 80 environment, wherein
treatment tool 90 has an X-Ray aiming and aligning device 92, according to some embodiments

of the invention.

[00183] Reference is also made to Figs. SE and SF, which are schematic illustrations of a visual
representation 85 of an X-Ray aiming and aligning device 92 of a treatment tool 90 and of a visual
indicator 542 generated by a processing unit 530 of a system 500 for aiming and/or aligning of a
treatment tool 90 in an X-Ray device 80 environment, according to some embodiments of the

invention.

[00184] Some treatment tools that need to be aligned with respect to X-Ray device 80 prior to
applying a treatment (e.g., as described above with respect to Figs. SA, 5B and 5C) may include
an X-Ray aiming and aligning device 92 (e.g., as shown in Fig. 5D).
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[00185] X-Ray aiming and aligning device 92 may, for example, include two radiopaque surfaces
(e.g., a first radiopaque surface 92a and a second radiopaque surface 92b) that are parallel,
congruent and positioned at a distance along a central longitudinal axis 92c of X-Ray aiming and
aligning device 92 with respect to each other (e.g., as shown in Fig. 5D). X-Ray aiming and
aligning device 92 may be attachable to treatment device 90 such that central longitudinal axis 92¢
of X-Ray aiming and aligning device is aligned along central longitudinal axis 90a of treatment

device 90.

[00186] A visual representation 85 of X-Ray aiming and aligning device 92 in an X-Ray image
thereof (e.g., a visual representation 85a of first surface 92a and a visual representation 85b of
second surface 92b) may provide an indication whether the position and orientation of treatment
tool 90 with respect to X-Ray device 80 is within the allowed error range as compared to the

required position and orientation thereof.

[00187] For example, when the position and orientation of treatment tool 90 with respect to X-
Ray device 80 is within the allowed error range as compared to the required position and
orientation thereof, visual representation 85a of first surface 92a may coincide (or substantially
coincide) with visual representation 85b of second surface 92b on the X-ray image of X-ray aiming
and aligning device 92 (e.g., displayed on, for example, X-Ray display 86) (e.g., as shown in Fig.
SD).

[00188] In some embodiments, processing unit 530 may generate visual indicator 542 that
corresponds to X-Ray aiming and aligning device 92. For example, first visual marker 542a and
second visual marker 542b of visual indicator 542 may have same (or substantially same) shapes
and/or dimensions as visual representation 85a of first surface 92a and visual representation 85b
of second surface 92b of X-Ray aiming and aligning device 92, respectively (e.g., as shown in Fig.
SD).

[00189] According to various embodiments, processing unit 530 may be configured to display
visual indicator 542 on display 540 (e.g., as shown in Fig. 5D) and/or X-Ray display 86. In various
embodiments, processing unit 530 may be configured to display, on display 540 and/or X-Ray
display 86, both visual representation 85 of X-Ray aiming and aligning device 92 and visual

indicator 542 (e.g., as shown in Figs. 5E and 5F).
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[00190] In various embodiments, processing unit 530 may be configured to superimpose visual
representation 85 of X-Ray aiming and/or aligning device 92 and visual indicator 542 on an X-

Ray image of target area 72 of patient 70, displayed on display 540 and/or X-Ray display 86.

[00191] In some embodiments, processing unit 530 may be configured to detect, or mark, target
area 72 in the X-Ray image thereof. Processing unit 530 may be configured to determine whether
treatment tool 90 is aligned with respect to target area 72 based on the determined position and
orientation of treatment tool 90 and the X-Ray image. In some embodiments, processing unit 530
may be configured to update visual indicator 542 to thereby indicate whether treatment tool 90 is

aligned with target area 72 or not.

[00192] According to some embodiments, the determined position and orientation of treatment
tool 90 with respect to X-Ray device 80 may differ from the actual position and orientation thereof
by a specified error value. The specified error value may depend on, for example, an error in a
metric resolution of X-Ray intensifier 82, an error in a distance value between X-Ray source 83
and X-Ray intensifier 82, incorrect connection of calibration plate 510 to X-Ray intensifier 82
(e.g., such that calibration plate 510 is not parallel to X-Ray intensifier 82) and/or incorrect
connection of camera 520 to treatment tool 90 (e.g., such that camera 520 is not at the

predetermined position and orientation with respect to treatment tool 90).

[00193] In some embodiments, processing unit 530 may be configured to determine the position
and orientation of treatment tool 90 with respect to X-Ray device 80 such that the specified error

value 18 no more than a millimeter.

[00194] When the determined position and orientation of treatment tool 90 with respect to X-Ray
device 80 differs from the actual position and orientation thereof, visual indicator 542 may be
shifted with respect to visual representation 85 of X-Ray aiming and aligning device 92 (e.g., that

represents the actual position and orientation thereof) —e.g., as schematically illustrated in Fig. SF.

[00195] In some embodiments, processing unit 530 may be configured to update the determined
position and orientation of treatment tool 90 with respect to X-Ray device 80, based on the visual
representation 85 of X-Ray aiming and aligning device 92, to thereby minimize an error
therebetween and to yield an updated position and orientation of treatment tool 90 with respect to
X-Ray device 80. The updating may be utilized by, for example, identifying radiopaque markers

(e.g., first surface 92a and second surface 92b) of X-Ray aiming and aligning device 92 and
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extrapolating, based on the position thereof, a location of treatment area 72 in a space between X-
Ray source 83 and X-Ray intensifier 82 within field of view 83a thereof, and further superimposing

the visual representation of the radiopaque markers on the X-Ray images.

[00196] In some embodiments, processing unit 530 may generate treatment tool guiding
instructions based on the determined position and orientation of treatment tool 90 with respect to
X-Ray device 80 and display the treatment tool guiding instructions on display 86/540 (e.g., as
described below with respect to Figs. 14A and 14B). The guiding instruction may be indicative of
one or more directions in which treatment tool 90 should be moved (e.g., displaced and/or tilted)
and/or a measure of movement in each of the direction(s) in order to bring treatment tool 90 into
a position and orientation that is within the allowed error range thereof. The treatment tool guiding
instructions may, for example, enable easy and intuitive aiming and/or aligning of treatment tool

90 with respect to target area 72 and/or X-Ray device 80.

[00197] It is noted that the treatment may be applied merely based on visual representation 85 of
X-Ray aiming and aligning device 92 and X-Ray image of target area 72, without relying on virtual

indicator 542.

[00198] Reference is now made to Fig. 5G, which presents schematic illustrations of a system
500 for aiming and/or aligning of a treatment tool 90 in an X-Ray device 80 environment and a

flowchart of a method of using system 500, according to some embodiments of the invention.

[00199] It is noted that the method is not limited to the flowchart illustrated in Fig. 5G and to the
corresponding description. For example, in various embodiments, the method needs not move

through each illustrated box or stage, or in exactly the same order as illustrated and described.

[00200] Stage 590 of the method may, for example, include aiming treatment tool 90 at target
area 72 within patient 70 and/or aligning treatment tool 90 with respect to X-Ray device 80 based
on visual indicator 542 (e.g., displayed on display 540) that indicates the determined position and
orientation of treatment tool 90 with respect to X-Ray device 80 (e.g., as described above with
respect to Figs. 5A, 5B, 5C, 5D, 5E and 5F). The aiming and/or aligning may, for example, include

translating, tilting, pitching, yawing, rolling, etc. of treatment tool 90.

[00201] Stage 590 of the method may be repeated until, for example, visual indicator 542

indicates that the position and orientation of treatment tool 90 with respect to X-Ray device 80 is
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within the allowed error range as compared to the required position and orientation thereof (e.g.,

as described above with respect to Figs. SA, 5B, 5C, 5D, 5E and 5F).

[00202] Stage 590 of the method may be performed without obtaining X-Ray images of treatment
tool 90 / X-Ray aiming and aligning device 92, e.g., only based on the visual indicator 542 (e.g.,
as described above with respect to Figs. 5A, 5B, 5C, 5D, SE and 5F). This in contrast to, for
example, current treatment procedures that do not utilize system 500 and that require frequent X-

Ray imaging of treatment tool 90 and patient 70 during this stage of aiming and/or aligning.

[00203] Stage 592 of the method may, for example, include obtaining an X-Ray image of X-Ray
aiming and aligning device 92 of treatment tool 90 and displaying visual representation 85 of X-
Ray aiming and aligning device 92, optionally together with visual indicator 542, on, for example,

display 540 (e.g., as described above with respect to Figs. 5SA, 5B, 5C, 5D, 5E and 5F).

[00204] Stage 594 of the method may, for example, include determining, based on visual
representation 85 of X-Ray aiming and aligning device 92, whether the actual position and
orientation of treatment tool 90 is within the allowed error range with respect to the required
position and orientation thereof or not e.g., as described above with respect to Figs. 5A, 5B, 5C,

5D, 5E and 5F.

[00205] If the actual position and orientation of treatment tool 90 is within the allowed error range
thereof, the method may move to stage 596 that may, for example, include applying the treatment

by treatment tool 90.

[00206] If the actual position and orientation of treatment tool 90 is not within the allowed error

range thereof, the method may include repeating stage 590.

[00207] Reference is now made to Fig. 6, which is a schematic illustration of a first embodiment
of a system 600 for projecting a focused ultrasound energy, according to some embodiments of

the invention.

[00208] According to some embodiments, system 600 may include a focused ultrasound (FUS)
transducer 610 arranged to generate a FUS energy 619 (e.g., treatment tool 90 described above

with respect to Figs. 5A-5G).

[00209] According to some embodiments, system 600 may include an X-Ray aiming and aligning
device 612 attachable to FUS transducer 610 (e.g., X-Ray aiming and aligning device 92 described
above with respect to Figs. 5D-5G).
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[00210] According to some embodiments, system 600 may include a support 620 adapted to
accommodate FUS transducer 610. In some embodiments, support 622 may be hand-held. In some
embodiments, system 600 may include an articulated arm 622 coupled to a table 88 at its first end
to support 620 at its second end. Articulated arm 622 may be arranged to enable translation, tilting,

pitching, yawing and/or rolling of support 620 and FUS transducer 610 accommodated therein.

[00211] According to some embodiments, system 600 may include an acoustic coupler 640
arranged to acoustically couple FUS transducer 610 to patient 70 to thereby enable delivery of

FUS energy 619 to target area 72 within patient 70.

[00212] According to some embodiments, system 600 may include a calibration plate 650
attachable, or removably attachable, to X-Ray device 80, for example X-Ray intensifier 82 (e.g.,
calibration plate 110 described above with respect to Fig. 1 or calibration plate 200 described
above with respect to Figs. 2A-2C).

[00213] According to some embodiments, system 600 may include a camera 660 removably
attachable to support 620 / FUS transducer 610 (e.g., camera 120 described above with respect to
Fig. 1 or camera 520 described above with respect to Figs. SA-5G).

[00214] According to some embodiments, system 600 may include a processing unit 670 (e.g.,
processing unit 130 described above with respect to Fig. 1 or processing unit 530 described above
with respect to Figs. 5A-5G). Processing unit 670 may be configured to determine the position and
orientation of FUS transducer 610 with respect to X-Ray device 80 (e.g., as described above with
respect to Figs. SA-5G).

[00215] According to some embodiments, system 600 may include a display 680. Processing unit
670 may be configured to display, on display 680 and/or on X-Ray display 86, a visual indicator
682 indicating the determined position and orientation of FUS transducer 610 (e.g., visual indicator

542 described above with respect to Figs. 5A-5G).

[00216] In various embodiments, processing unit 670 may be configured to superimpose visual
indicator 682 on, for example, an X-Ray image of target area 72 of patient 70 to yield a
superimposed image, and to display the superimposed image on display 680 and/or on X-Ray
display 86.

[00217] In some embodiments, processing unit 670 may be configured to detect, or mark, target

area 72 in the X-Ray image thereof. Processing unit 670 may be configured to determine whether
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treatment tool 90 is aligned with respect to target area 72 based on the determined position and
orientation of treatment tool 90 and the X-Ray image. In some embodiments, processing unit 670
may be configured to update visual indicator 682 to thereby indicate whether treatment tool 90 is

aligned with target area 72 or not.

[00218] In some embodiments, processing unit 670 may generate treatment tool guiding
instructions based on the determined position and orientation of treatment tool 90 with respect to
X-Ray device 80 and display the treatment tool guiding instructions on display 86/680 (e.g., as
described below with respect to Figs. 14A and 14B). The treatment tool guiding instructions may,
for example, enable easy and intuitive aiming and/or aligning of treatment tool 90 with respect to

target area 72 and/or X-Ray device 80.

[00219] System 600 may enable the user (e.g., treating physician) to aim FUS transducer 610 at
target area 72 within patient 70 and/or to align FUS transducer 610 with respect to X-Ray device
80 using visual indicator 682 displayed on display 680 and/or on X-Ray display 86. Visual
indicator 682 may indicate the determined position and orientation of FUS transducer 610 with
respect to X-Ray device 80, which eliminates (or substantially eliminates) a need in X-Ray
imaging of patent 70 during the aiming and/or aligning of FUS transducer 610. When using system
600, X-Ray imaging may be required only at final stages of aiming and/or aligning of FUS
transducer 610 in order to verify, prior to application of the treatment, that the actual position and
orientation of FUS transducer 610 with respect to X-Ray device 80 corresponds to the required
position and orientation thereof or within the allowed error range thereof (e.g., as described above
with respect to Figs. SA-5G). In this manner, system 600 may enable significantly reducing the
exposure of the patient and/or the user to the X-Ray radiation during the treatment procedure as
compared to current treatment procedures that require multiple exposures of patient 70 to X-Ray
radiation during aiming and/or aligning of FUS transducer 610. Furthermore, system 600 may
enable significantly reducing the overall time duration of the treatment procedure as compared to

current treatment procedures that do not utilize system 600.

[00220] Reference is now made to Fig. 7, which is a flowchart of a first method of aiming and/or
aligning a treatment tool in an X-Ray device environment, according to some embodiments of the

invention.

[00221] The method may be implemented by a system for aiming/aligning a treatment tool in an

X-Ray device environment (such as system 100 described above with respect to Fig. 1 or system
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500 described above with respect to Figs. SA-5G), which may be configured to implement the
method. It is noted that the method is not limited to the flowcharts illustrated in Fig. 7 and to the
corresponding description. For example, in various embodiments, the method needs not move

through each illustrated box or stage, or in exactly the same order as illustrated and described.

[00222] According to some embodiments, the method includes attaching (or removably
attaching) a calibration plate to an X-Ray intensifier of the X-Ray device, wherein the calibration
plate includes at least one radiopaque marker and at least one optical marker positioned at

predetermined positions within the calibration plate (stage 702).

[00223] For example, calibration plate 110, radiopaque marker(s) 112 and optical marker(s) 114
described above with respect to Fig. 1 or calibration plate 200, radiopaque marker(s) 210 or 220
and optical marker(s) 230 described above with respect to Figs. 2A, 2B and 2C.

[00224] Some embodiments may include attaching (or removably attaching) a camera to the
treatment tool at a predetermined position and orientation with respect to the treatment tool (stage
704) (e.g., as described above with respect to Fig. 1 and Figs. 5A-5G). For example, camera 120
described above with respect to Fig. 1 or camera 520 described above with respect to Figs. SA-

5G.

[00225] Some embodiments may include obtaining, by the X-Ray device, an X-Ray image of the
calibration plate, wherein the X-Ray image includes a visual representation of the at least one

radiopaque marker (stage 706) (e.g., as described above with respect to Fig. 1 and Fig. 3).

[00226] Some embodiments, may include determining, by a processing unit, a position and
orientation of the calibration plate with respect to the X-Ray device based on the visual
representation of the at least one radiopaque marker in the X-Ray image, the predetermined
position of the at least one radiopaque marker within the calibration plate and specified parameters
of the X-Ray device (stage 708) (e.g., as described above with respect to Fig. 1). For example,
processing unit 130 described above with respect to Fig. 1 or processing unit 530 described above
with respect to Figs. SA-5G.

[00227] Some embodiments may include identifying the visual representation of the at least one
radiopaque marker in the X-Ray image of the calibration plate (stage 709). For example, by

utilizing pattern matching algorithms, as described above with respect to Fig. 1.
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[00228] Some embodiments may include determining, based on the specified model of the X-Ray
device, one or more vectors that extend from an X-Ray source of the X-Ray device towards the X-
Ray intensifier and the calibration plate attached thereto and intersect with the calibration plate

(stage 710) (e.g., as described above with respect to Fig. 1).

[00229] Some embodiments may include determining one or more intersections of the
corresponding one or more vectors with the calibration plate (stage 711) (e.g., as described above

with respect to Fig. 1).

[00230] Some embodiments may include comparing the predetermined/known positions of the at
least one radiopaque marker within the calibration plate with the determined intersection(s) of the
vector(s) with the calibration plate (stage 712). For example, by utilizing point-cloud matching
algorithms (e.g., brute-force algorithm or iterative closest point algorithm) as described above with

respect to Fig. 1.

[00231] Some embodiments may include determining the position and orientation of the
calibration plate with respect to the X-Ray device based on the comparison between the
predetermined/known positions of the radiopaque marker(s) within the calibration plate with the
determined intersection(s) of the vector(s) with the calibration plate (stage 713). For example, by
utilizing aligning algorithms (e.g., such as Singular Value Decomposition (SVD) algorithm) as
described above with respect to Fig. 1.

[00232] Some embodiments may include obtaining, by the camera, a camera image including a
visual representation of the at least one optical marker (stage 714) (e.g., as described above with
respect to Fig. 1 and Fig. 4).

[00233] Some embodiments may include determining a position and orientation of the camera
with respect to the calibration plate based on the visual representation of the at least one optical
marker in the camera image and the predetermined position of the at least one optical marker
within calibration plate (stage 716) (e.g., as described above with respect to Fig. 1). For example,
by utilizing bundle adjustment/PnP algorithms as described above with respect to Fig. 1.

[00234] Some embodiments, may include determining a position and orientation of the treatment
tool with respect to the X-Ray device based on the determined position and orientation of the
calibration plate with respect to the X-Ray device, the determined position and orientation of the

camera with respect to the calibration plate and the predetermined position and orientation of the
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camera with respect to the treatment tool (stage 718) (e.g., as described above with respect to Fig.
1 and Figs. SA-5G).

[00235] Some embodiments may include displaying, on a display, visual indicator that indicates
the determined position and orientation of the treatment tool (stage 720). For example, visual
indicator 142 described above with respect to Fig. 1 or visual indicator 542 described above with
respect to Figs. SA-5G.

[00236] Some embodiments may include determining whether the determined position and
orientation of the treatment tool with respect to the X-Ray device is within an allowed error range
as compared to a required position and orientation of the treatment tool with respect to the X-Ray
device (stage 722) (e.g., as described above with respect to Fig. 1 and Figs. SA-5G).

[00237] Some embodiments may include updating the visual indicator to thereby indicate whether
the position and orientation of the treatment tool with respect to the X-Ray device is within the
allowed error range thereof or not (stage 724) (e.g., as described above with respect to Fig. 1 and
Figs. 5A-5G).

[00238] Some embodiments may include superimposing the visual indicator and an X-Ray image
of a target area of a patient to yield a superimposed image, and displaying the superimposed image

on the display (stage 725).

[00239] Some embodiments may include detecting, or marking, the target area in the X-Ray
image thereof and determining whether the treatment tool is aligned with respect to the target area
based on the determined position and orientation of treatment tool and the X-Ray image (stage

726).

[00240] Some embodiments may include updating the visual indicator to indicate whether the

treatment tool is aligned with the target area or not (stage 727).

[00241] Some embodiments may include generating and displaying, on the display, treatment tool
guiding instructions indicative of one or more directions in which the treatment tool 90 should be
moved (e.g., displaced and/or tilted) and/or a measure of movement in each of the direction(s) in
order to bring the treatment tool into a position and orientation that is within the allowed error
range thereof (stage 728). The treatment tool guiding instructions may be determined based on the
determined position and orientation of the treatment tool with respect to the X-Ray device, for

example, as described below with respect to Figs. 14A and 14B. The treatment tool guiding
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instructions may, for example, enable easy and intuitive aiming and/or aligning of treatment tool

90 with respect to the target area and/or the X-Ray device.

[00242] Some embodiments may include aiming and aligning the treatment tool according to the
visual indicator displayed on the display, without exposing a patient to X-Ray imaging by the X-

Ray device (stage 729) (e.g., as described above with respect to Fig. 1 and Figs. 5A-5G).

[00243] Reference is now made to Fig. 8, which is a schematic illustration of a first embodiment
of a system 800 for aiming and/or aligning of a treatment tool 90 in an ultrasound imaging device

60 environment, according to some embodiments of the invention.

[00244] According to some embodiments, system 800 may include a calibration plate 810, a
camera 820 and a processing unit 830. Fig. 8 shows a side view of system 800. System 800 may
enable aiming of a treatment tool 90 at a target area 72 within a patient 70 and/or aligning of

treatment tool 90 with respect to an ultrasound imaging probe 62.

[00245] Ultrasound imaging device 60 may be any type of ultrasound imaging device, for
example a handheld device, a laptop device, a probe that is connected to a cell phone or tablet, or

a system on a portable cart and may include one or more probes and other accessories.

[00246] Treatment tool 90 may be, for example, an invasive treatment tool (such as a needle (e.g.,
biopsy needle, radiofrequency needle) and/or a probe) or a non-invasive treatment tool (such as an
ultrasound transducer or a focused ultrasound transducer) that needs to be aimed with respect to
target area 72 and/or aligned with respect to ultrasound imaging probe 62. For example, Fig. 8

shows a needle as an example for treatment tool 90.

[00247] According to some embodiments, calibration plate 810 may include at least one optical
marker. Optical marker(s) may be positioned within calibration plate 810 at predetermined and/or
known positions. Calibration plate 810 may be attachable, or removably attachable, to ultrasound
imaging probe 62 of ultrasound imaging device 60. Various embodiments of calibration plate 810

are described below with respect to Figs. 9A and 9B.

[00248] According to some embodiments, camera 820 is attachable, or removably attachable, to
treatment tool 90. Camera 820 may be attachable to treatment tool 90 at a predetermined and/or

known position and orientation with respect to treatment tool 90.

[00249] Camera 820 may be attachable to treatment tool 90 such that at least a portion of

calibration plate 810 will be within a field of view 821 of camera 820.
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[00250] In some embodiments, system 800 may include a camera connector 8§22. Camera
connector 822 may be configured to tightly and stably attach camera 820 to treatment tool 90 and

to prevent unintended relative movements of camera 820 with respect to treatment tool 90.

[00251] In some embodiments, camera connector 822 may enable a controlled rotation of camera
820. This may, for example, enable to follow calibration plate 810, for example when treatment

tool 90 is moved.

[00252] In some embodiments, system 800 may include a second camera. The second camera
may be tightly and stably attachable (e.g., using a connector like connector §22) to treatment tool
90 at a predetermined angle with respect to camera 820. For example, the second camera may be
attached to treatment tool 90 at an angle of 90° with respect to camera 820. This may, for example,
capture calibration plate 810 by the second camera if calibration plate 810 exits field-of-view 821

of camera 820, for example due to movement of treatment tool 90.

[00253] According to some embodiments, processing unit 830 may be in communication (e.g.,
wired or wireless) with camera 820 and with an ultrasound imaging unit 64 of ultrasound imaging

device 60.

[00254] According to some embodiments, processing unit 830 may be configured to receive, from
camera 820, one or more camera images of calibration plate 810. Camera image(s) of calibration
plate 810 may include a visual representation of optical marker(s) (e.g., as shown in and described

below with respect to Fig. 9A and 9B).

[00255] According to some embodiments, processing unit 830 may be configured to determine a
position and orientation of camera 820 with respect to calibration plate 810 (that may be attached
to, for example, ultrasound imaging probe 62) based on the visual representation of optical
marker(s) in the camera image(s), based on the known positions of optical marker(s) within
calibration plate 810 and based on parameters of camera 820 (e.g., such as distortion, field of view
821, etc.). The determination thereof may be utilized using, for example, bundle adjustment/PnP
algorithms.

[00256] According to some embodiments, processing unit 830 may be configured to determine a
position and orientation of treatment tool 90 with respect to ultrasound imaging probe 62 based on
a predetermined position and orientation of calibration plate 810 with respect to ultrasound

imaging probe 62, the determined position and orientation of camera 820 with respect to
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calibration plate 8§10 and the known position and orientation of camera 820 with respect to the

treatment tool 90.

[00257] According to some embodiments, system 800 may include a display 840. Processing unit
830 may be configured to present, for example on display 840 and/or on ultrasound display 66, at
least one visual indicator 842 that indicates the determined position and orientation of treatment

tool 90.

[00258] In some embodiments, processing unit 830 may be configured to determine whether the
determined position and orientation of treatment tool 90 with respect to ultrasound imaging probe
62 is within an allowed error range as compared to a required position and orientation of treatment
tool 90 with respect to the ultrasound imaging probe 62. Processing unit 830 may be configured to
modify visual indicator 842 to thereby indicate whether the position and orientation of treatment
tool 90 with respect to ultrasound imaging probe 62 is within the allowed error range thereof or

not.

[00259] In various embodiments, processing unit 830 may be configured to superimpose visual
indicator 842 on, for example, an ultrasound image of target area 72 of patient 70 to yield a
superimposed image, and to display the superimposed image on display 840 and/or on ultrasound
display 66.

[00260] In some embodiments, processing unit 830 may be configured to detect, or mark, target
area 72 in the ultrasound image thereof. In some embodiments, the marking may be made based
on user’s input. Processing unit 830 may be configured to determine whether treatment tool 90 is
aligned with respect to target area 72 based on the determined position and orientation of treatment
tool 90 and the ultrasound image. In some embodiments, processing unit 830 may be configured
to update visual indicator 142 to thereby indicate whether treatment tool 90 is aligned with target

area 72 or not.

[00261] In some embodiments, processing unit 830 may generate treatment tool guiding
instructions based on the determined position and orientation of treatment tool 90 with respect to
ultrasound imaging probe 62 and display the treatment tool guiding instructions on display 86/840
(e.g., as described below with respect to Figs. 14A and 14B). The treatment tool guiding
instructions may be indicative of one or more directions in which treatment tool 90 should be

moved (e.g., displaced and/or tilted) and/or a measure of movement in each of the direction(s) in
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order to bring treatment tool 90 into a position and orientation that is within the allowed error range
thereof and/or that is aligned with respect to target area 72. The treatment tool guiding instructions
may, for example, enable easy and intuitive aiming and/or aligning of treatment tool 90 with

respect to target area 72 and/or ultrasound imaging probe 62.

[00262] System 800 may enable the user (e.g., treating physician) to aim treatment tool 90 at
target area 72 and/or to align (e.g., translate, tilt, pitch, yaw, roll, etc.) treatment tool 90 with respect
to ultrasound imaging probe 62 using visual indicator 842 displayed on display 840 and/or on
ultrasound display 66. Visual indicator 842 may indicate the position and orientation of treatment
tool 90 with respect to ultrasound imaging probe 62, which eliminates (or substantially eliminates)
a need for ultrasound imaging of the tip of the treatment tool. When using system 800, ultrasound
imaging of the treatment tool tip (where applicable), may be required only at final stages of aiming
and/or aligning of treatment tool 90 in order to verify, prior to application of the treatment, that
the actual position and orientation of treatment tool 90 with respect to patient anatomy is correct.
In this manner, system 800 may enable significantly reducing the procedure time as compared to

current treatment procedures.

[00263] Reference is made to Figs. 9A and 9B, which are schematic illustrations of a calibration
plate 900 for a system for aiming and/or aligning of a treatment tool 90 in an ultrasound imaging

device environment (such as system 800), according to some embodiments of the invention.

[00264] According to some embodiments, calibration plate 900 includes multiple optical markers
930 positioned at predetermined positions within calibration plate 900 (e.g., as shown in Figs. 9A

and 9B).

[00265] In some embodiments, each of optical marker(s) 930 may include its unique visual label.
The visual labels of optical marker(s) 930 may, for example, include barcodes, QR codes, graphical
patterns or shapes, Aruco, apriltag, ARtag and the like, that may bear additional data associated
with the visual label. The visual labels may, for example, encode the position of optical marker(s)

930 within calibration plate 900.

[00266] Parameters of optical marker(s) 930, such as for example, the amount of optical marker(s)
930, the dimensions of optical marker(s) 930 and/or the visual labels of optical marker(s) 930 may
be determined based on, for example, a resolution of the camera (e.g., camera 820 as described

above with respect to Fig. 8). The parameters of optical marker(s) 930 may be further determined
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to enable determination/identification of the position and orientation of the camera (e.g., camera
820 as described above with respect to Fig. 8) with respect to calibration plate 900 based on the
visual representation of optical marker(s) 930 in the camera image of calibration plate 900 (e.g.,

as described above with respect to Fig. 8).

[00267] In some embodiments, calibration plate 900 may have matte surface. The matte surface
of calibration plate 900 may, for example, reduce light reflection from light sources in the
operating room and eliminate (or substantially eliminate) a glare in the camera image due to the
light reflection thereof and thereby and avoid a loss of information that may be obtained from

optical markers 930.

[00268] Reference is now made to Fig. 10, which is a camera image 1000 of a calibration plate
(such as calibration plates 810 or 900) for a system for aiming/aligning of a treatment tool 90 in
an ultrasound imaging device environment (such as system 800), according to some embodiments

of the invention.

[00269] Fig. 10 depicts, for example, a camera image 1000 of a calibration plate (e.g., calibration
plate 900 depicted in Fig. 9B). Camera image 1000 may be obtained using a camera (e.g., camera
820 as described above with respect to Fig. 8) attached to treatment tool 90 during, for example, a
treatment procedure. Camera image 1000 may include a visual representation 1010 of optical
markers positioned at predetermined positions thereof within the optical tracer plate (e.g., optical

markers 930 depicted in Fig. 9B).

[00270] Reference is now made to Fig. 11, which is a schematic illustration of a second
embodiment of a system 1100 for projecting a focused ultrasound energy, according to some

embodiments of the invention.
[00271] According to some embodiments, system 1100 may include a focused ultrasound (FUS)

transducer 1110 arranged to generate a FUS energy 1119.

[00272] According to some embodiments, system 1100 may include an ultrasound imaging probe

62.

[00273] According to some embodiments, system 1100 may include a support 1120 adapted to
accommodate FUS transducer 1110. In some embodiments, support 1120 may be hand-held. In
some embodiments, system 1100 may include an articulated arm 1122 coupled to a table 88 at its

first end to support 1120 at its second end. Articulated arm 1122 may be arranged to enable
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translation, tilting, pitching, yawing and/or rolling of support 1120 and FUS transducer 1110

accommodated therein.

[00274] According to some embodiments, system 1100 may include an acoustic coupler 1140
arranged to acoustically couple FUS transducer 1110 to patient 70 to thereby enable delivery of

FUS energy 1119 to target area 72 within patient 70.

[00275] According to some embodiments, system 1100 may include a calibration plate 1150
removably attachable to ultrasound imaging probe 62 (e.g., calibration plate 810 described above

with respect to Fig. 8 or calibration plate 900 described above with respect to Figs. 9A-9B).

[00276] According to some embodiments, system 1100 may include a camera 1160 removably
attachable to support 1120 or FUS transducer 1110 (e.g., camera 820 described above with respect
to Fig. 8).

[00277] According to some embodiments, system 1100 may include a processing unit 1170 (e.g.,
processing unit 830 described above with respect to Fig. 8). Processing unit 1170 may be
configured to determine the position and orientation of FUS transducer 1110 with respect to

ultrasound imaging probe 62.

[00278] According to some embodiments, system 1100 may include a display 1180. Processing
unit 1170 may be configured to display, on display 1180 and/or on ultrasound display 66, a visual

indicator 1142 indicating the determined position and orientation of FUS transducer 1110.

[00279] In some embodiments, processing unit 1170 may be configured to determine whether the
determined position and orientation of treatment tool 90 with respect to ultrasound imaging probe
62 is within an allowed error range as compared to a required position and orientation of treatment
tool 90 with respect to the ultrasound imaging probe 62. Processing unit 1170 may be configured
to modify visual indicator 842 to thereby indicate whether the position and orientation of treatment
tool 90 with respect to ultrasound imaging probe 62 is within the allowed error range thereof or

not.

[00280] In various embodiments, processing unit 1170 may be configured to superimpose visual
indicator 1142 on, for example, an ultrasound image of target area 72 of patient 70 to yield a
superimposed image, and to display the superimposed image on display 1180 and/or on ultrasound

display 66.
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[00281] In some embodiments, processing unit 1170 may be configured to detect, or mark, target
area 72 in the ultrasound image thereof. Processing unit 1170 may be configured to determine
whether treatment tool 90 is aligned with respect to target area 72 based on the determined position
and orientation of treatment tool 90 and the ultrasound image. In some embodiments, processing
unit 1170 may be configured to update visual indicator 1142 to thereby indicate whether treatment

tool 90 is aligned with target area 72 or not.

[00282] In some embodiments, processing unit 1170 may generate treatment tool guiding
instructions and display the treatment tool guiding instructions on display 86/1180 (e.g., as
described below with respect to Figs. 14A and 14B). The treatment tool guiding instructions may
be determined based on whether the position and orientation of treatment tool 90 with respect to
ultrasound imaging probe 62 (e.g., as described below with respect to Figs. 14A and 14B). The
treatment tool guiding instructions may, for example, enable easy and intuitive aiming and/or

aligning of treatment tool 90 with respect to target area 72 and/or ultrasound imaging probe 62.

[00283] System 1100 may enable the user (e.g., treating physician) to aim FUS transducer 1110
at target area 72 within patient 70 and/or to align FUS transducer 1110 with respect to ultrasound
imaging probe 62 using visual indicator 1142 displayed on display 1180 and/or on ultrasound
display 66. Visual indicator 1142 may indicate the determined position and orientation of FUS
transducer 1110 with respect to ultrasound imaging probe 62. In this manner, system 1100 may
enable significantly reducing the overall time duration of the treatment procedure as compared to

current treatment procedures that do not utilize system 1100.

[00284] Reference is now made to Fig. 12, which is a flowchart of a first method of aiming and/or
aligning a treatment tool in an ultrasound imaging device environment, according to some

embodiments of the invention.

[00285] The method may be implemented by a system for aiming / aligning a treatment tool in an
ultrasound imaging device environment (such as system 800 described above with respect to Fig.
8 or system 1100 described above with respect to Figs. 11), which may be configured to implement
the method. It is noted that the method is not limited to the flowcharts illustrated in Fig. 12 and to
the corresponding description. For example, in various embodiments, the method needs not move

through each illustrated box or stage, or in exactly the same order as illustrated and described.
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[00286] According to some embodiments, the method includes attaching (or removably
attaching) a calibration plate to an ultrasound imaging probe of the ultrasound imaging device,
wherein the calibration plate includes at least one optical marker positioned at predetermined

positions within the calibration plate (stage 1202).

[00287] For example, calibration plate 810 described above with respect to Fig. 8 or calibration
plate 900 and optical marker(s) 930 described above with respect to Figs. 9A and 9B.

[00288] Some embodiments may include attaching (or removably attaching) a camera to the
treatment tool at a predetermined position and orientation with respect to the treatment tool (stage
1204) (e.g., as described above with respect to Fig. 8). For example, camera 820 described above
with respect to Fig. 8.

[00289] Some embodiments may include obtaining, by the camera, a camera image including a
visual representation of the at least one optical marker (stage 1206) (e.g., as described above with
respect to Fig. 8 and Fig. 11).

[00290] Some embodiments may include determining a position and orientation of the camera
with respect to the calibration plate based on the visual representation of the at least one optical
marker in the camera image and the predetermined position of the at least one optical marker
within calibration plate (stage 1208) (e.g., as described above with respect to Fig. 8). For example,
by utilizing bundle adjustment/PnP algorithms as described above with respect to Fig. 8.

[00291] Some embodiments, may include determining a position and orientation of the treatment
tool with respect to the ultrasound imaging probe based on the predetermined position and
orientation of the calibration plate with respect to the ultrasound imaging probe, the determined
position and orientation of the camera with respect to the calibration plate and the predetermined
position and orientation of the camera with respect to the treatment tool (stage 1210) (e.g., as
described above with respect to Fig. 8).

[00292] Some embodiments may include displaying, on a display, a visual indicator that indicates
the determined position and orientation of the treatment tool with respect to the ultrasound imaging
probe (stage 1212). For example, visual indicator 842 described above with respect to Fig. 8.
[00293] Some embodiments may include determining whether the determined position and
orientation of the treatment tool with respect to the ultrasound imaging probe is within an allowed

error range as compared to a required position and orientation of the treatment tool with respect to
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the ultrasound imaging probe (stage 1213). This may, for example, allow fast and accurate
targeting of the treatment tool to the target area.

[00294] Some embodiments may include modifying the visual indicator to thereby indicate
whether the position and orientation of the treatment tool with respect to the ultrasound imaging
probe is within the allowed error range thereof or not (stage 1214).

[00295] Some embodiments may include superimposing the visual indicator and an ultrasound
image of a target area of a patient to yield a superimposed image and displaying the superimposed

image on the display (stage 1215).

[00296] Some embodiments may include detecting, or marking, the target area in the ultrasound
image thereof and determining whether the treatment tool is aligned with respect to the target area
based on the determined position and orientation of treatment tool and the ultrasound image (stage

1216).

[00297] Some embodiments may include updating the visual indicator to indicate whether the

treatment tool is aligned with the target area or not (stage 1217).

[00298] Some embodiments may include generating and displaying, on the display, treatment tool
guiding instructions indicative of one or more directions in which the treatment tool should be
moved (e.g., displaced and/or tilted) and/or a measure of movement in each of the direction(s) in
order to bring the treatment tool into a position and orientation that is within an allowed error range
(stage 1218). For example, as described below with respect to Figs. 14A and 14B. This may, for

example, thereof allow a fast and accurate targeting of treatment tool to the target area.

[00299] Some embodiments may include aiming and/or aligning the treatment tool according to
the a least one visual indicator displayed on the display (stage 1219).

[00300] Reference is now made to Fig. 13, which is a schematic illustration of a calibration setup
1300 for a system for aiming and/or aligning a treatment tool using ultrasound imaging device
(such as system 800 and 1100 described hereinabove), according to some embodiments of the

invention.

[00301] Calibration setup 1300 may be used for calibrating a system for aiming and/or aligning a
treatment tool in an ultrasound imaging device environment (such as system 800 and 1100
described hereinabove). For example, calibration setup 1300 may be used for determining a

position and orientation of a calibration plate 1324 (e.g., such as calibration plate 810, 900, 1000
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or 1150 described hereinabove) with respect to ultrasound imaging probe 62 (e.g., after calibration
plate 1324 is attached to ultrasound imaging probe 62). The calibration may be performed only
once, for example at a factory, if calibration plate 1324 is permanently attached to ultrasound probe
62 or the calibration may be repeated each time calibration plate 1324 is removably attached to

ultrasound probe 62.

[00302] Calibration setup 1300 may include one or more imaging targets 1304, embedded in an
acoustically transparent medium 1302 (e.g., ultrasonic gel, water). In some embodiments, the
position(s) of imaging target(s) 1304 may be known. Ultrasound imaging probe 62 may be
disposed at a known imaging probe position and orientation with respect to imaging target(s) 1304.
Calibration plate 1324 may be attached, or removably attached, to ultrasound imaging probe 62.
A camera 1311 (e.g., such as camera 820 or 1160 described hereinabove) may be disposed at a
known camera position and orientation with respect to imaging target(s) 1304 such that calibration

plate 1324 will be at least partly in a field of view 1312 thereof.

[00303] Ultrasound imaging probe 62 may obtain at least one ultrasound image of imaging
target(s) 1304. Camera 1311 may obtain at least one camera image calibration plate 1324 attached
to ultrasound imaging probe 62. A processing unit (e.g., such as processing unit 830, 1170
described hereinabove) may receive the ultrasound image(s) of imaging target(s) 1304, the camera
image(s) 1324 of calibration plate 1324. The processing unit may determine calibration data at
least based on the ultrasound image(s), the camera image(s). For example, the calibration data may
include the position and orientation of calibration plate 1324 with respect to ultrasound imaging
probe 62. The processing unit may determine the position and orientation of calibration plate 1324
with respect to ultrasound imaging probe 62 based on the ultrasound image(s), the camera
image(s), the known position of imaging target(s) 1304, the known imaging probe position and
orientation and the known camera position and orientation.

[00304] The calibration data may be stored and used for further processing. For example, the
calibration data may be loaded into processing unit 830 or processing unit 1170 described
hereinabove and used by processing unit 830, 1170 for determining the position and orientation of
treatment tool 90 with respect to ultrasound imaging probe 62 (e.g., as described above with respect

to Fig. 8).
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[00305] Reference is now made to Fig. 14A, which is a flowchart of a method of guiding an
aiming and/or aligning of a treatment tool in an imaging device environment, according to some

embodiments of the invention.

[00306] The method may be performed by, for example, a processing unit of a system for aiming
and/or aligning of a treatment tool in an imaging device environment, such as systems 100, 500,

600, 500 and 1100 described above with respect to Fig. 1, SA-5D, 6, 8 and 11, respectively.

[00307] Reference is also made to Fig. 14B, which is a schematic illustration of guiding features
for guiding an aiming and/or aligning of a treatment tool in an imaging device environment,
according to some embodiments of the invention, according to some embodiments of the

invention.

[00308] According to some embodiments, the method may include presenting, by a processing

unit 1410, at least one visual indicator 1420 on a display 1430 (stage 1402).

[00309] In various embodiments, visual indicator(s) 1420 may indicate the actual position and
orientation of the treatment tool with respect to the imaging device (e.g., such as visual
representation 85 of X-Ray aiming and aligning tool 92 described above with respect to Figs. 5D-
SF) and/or the determined position and orientation of the treatment tool with respect to the imaging
device (e.g., such as visual indicator(s) 142, 542, 682, 842, 1142, described above with respect to
Figs. 1, SA-5D, 6, 8 and 11, respectively. Visual indicator(s) 1420 may be also indicate whether
the position and orientation of the treatment tool with respect to imaging device is within the
allowed error range thereof or not. This may, for example, allow fast and accurate targeting of
treatment tool to the target area. In some embodiments, visual indicator(s) 1420 may be
superimposed on the image obtained or being obtained by the imaging device (e.g., as described

above with respect to Fig. 1, SA-5D, 8).

[00310] According to some embodiments, the method may include generating, by processing unit
1410, based on the determined position and orientation of the treatment tool with respect to the

imaging device, treatment tool guiding instructions 1440 (stage 1404).

[00311] According to some embodiments, the method may include presenting, by processing unit
1410, on display 1430, treatment tool guiding instructions 1440 (stage 1406). Treatment tool
guiding instructions 1440 may, for example, enable easy and intuitive aiming and/or aligning of

the treatment tool with respect to the target area and/or imaging device.
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[00312] Treatment tool guiding instructions 1440 may be displayed in, for example, a specified
area 1432 on display 1430. Specified area 1432 may be selected by, for example, processing unit

1410 so as not to obstruct any important information displayed on display 1430.

[00313] In various embodiments, treatment tool guiding instructions 1440 may include treatment
tool movement data indicative of one or more directions in which the treatment tool should be
moved (e.g., displaced and/or tilted) and/or a measure of movement in each of the direction(s) in
order to bring the treatment tool into a position and orientation that is within the allowed error
range thereof. For example, each of the directions may be presented using an arrow, wherein the
length of the arrow may be indicative of a required magnitude of movement in the respective
direction. However, other symbols may be used as well. Treatment tool guiding instructions 1440

may, for example, allow a fast and accurate targeting of treatment tool to the target area.

[00314] According to some embodiments, the method may include presenting, by processing unit
1410, on display 1430, treatment tool visual data 1450. Treatment tool visual data 1450 may, for
example, include a visual representation of at least a portion of the treatment tool 1452. For
example, visual representation of the treatment tool 1452 may be displayed in a vicinity of

treatment tool guiding instructions 1440.

[00315] According to some embodiments, the method may include presenting, by processing unit
1410, on display 1430, system components visual data 1460. System components visual data 1460
may, for example, include a visual representation of one or more components of the system (e.g.,
a camera) and may indicate an actual position orientation of the respective component(s) with

respect to, for example, the treatment tool.

[00316] Treatment tool visual data 1450 and system components visual data 1460 may, for

example, enhance understanding of treatment tool guiding instructions 1440 by the user.

[00317] Reference is now made to Figs. 15A and 15B, which are schematic illustrations of a
second embodiments of a system 1500 for aiming and/or aligning of a treatment tool 90 in an X-

Ray device 80 environment, according to some embodiments of the invention.

[00318] According to some embodiments, system 1500 may include a calibration plate 1510, a
camera 1520 and a processing unit 1530 (e.g., as shown in Figs. 15A and 15B). Figs. 15A and 15B
show a side view of system 1500. System 1500 may enable aiming of a treatment tool 90 at a target

area 72 within a patient 70 and/or aligning of treatment tool 90 with respect to an X-Ray device
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80, while significantly reducing the exposure of patient 70 to X-Ray radiation as compared to

treatment procedures that are performed without system 1500.

[00319] According to some embodiments, calibration plate 1510 may include at least one optical
marker 1514. Optical marker(s) 1514 may be positioned on the surface of calibration plate 1510
at predetermined and/or known positions. Calibration plate 1510 may be attachable, or removably
attachable, to treatment tool 90. For example, calibration plate 1510 and optical marker(s) 1514
may be similar to calibration plate 110 (without radiopaque marker(s) 112) and optical marker(s)

114 described above with respect to Fig. 1.

[00320] According to some embodiments, camera 1520 is attachable, or removably attachable, to
X-Ray device 80. Camera 1520 may be attachable to X-Ray device 80 at a predetermined and/or

known position and orientation with respect to X-Ray device 80 (e.g., as shown in Fig. 15A).

[00321] In some embodiments, camera 1520 may include at least one radiopaque marker 1512.
In this case, camera 1520 may be attached to X-Ray device 80 such that at least radiopaque
marker(s) 1512 thereof will be disposed in field-of-view 83a of X-Ray source §83. For example,
camera 1520 may be attachable to X-Ray intensifier 82 (e.g., as shown in Fig. 15B). In
embodiments shown in Fig. 15B, the position and orientation of camera 1520 with respect to X-
Ray device 80 may be unknown and it may be determined based on X-Ray imaging of radiopaque

marker(s) 1512 attached to camera 1520 (e.g., as described above with respect to Fig. 1).

[00322] In some embodiments, system 1500 may include a camera connector 1522. Camera
connector 1522 may be configured to tightly and stably attach camera 1520 to X-Ray device 80

and to prevent unintended relative movements of camera 1520 with respect to X-Ray device 80.

[00323] According to some embodiments, processing unit 1530 may be in communication (e.g.,

wired or wireless) with camera 1520 and with an X-Ray imaging unit 84 of X-Ray device 80.

[00324] According to some embodiments, processing unit 1530 may be configured to receive,
from camera 1520, one or more camera images of calibration plate 1510. Camera image(s) of

calibration plate 1510 may include a visual representation of optical marker(s) 1514.

[00325] According to some embodiments, processing unit 1530 may be configured to determine
a position and orientation of calibration plate 1510 (that may be attached to, for example, treatment
tool 90) with respect to camera 1520 based on the visual representation of optical marker(s) 1514

in the camera image(s), based on the known positions of optical marker(s) 1514 within calibration
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plate 1510 and based on parameters of camera 1520 (e.g., such as distortion, field of view 121,
etc.). The determination thereof may be utilized using, for example, bundle adjustment/PnP

algorithms.

[00326] According to some embodiments, processing unit 1530 may be configured to determine
a position and orientation of treatment tool 90 with respect to X-Ray device 80 based on the
determined position and orientation of calibration plate 1510 with respect to camera 1520 and the

known position and orientation of camera 1520 with respect to the X-Ray device 80.

[00327] In embodiments shown in Fig. 15B where the position and orientation of camera 1520
with respect to X-Ray device 80 is not known and camera 1520 includes radiopaque marker(s)
1512, processing unit 1530 may be configured to receive an X-Ray image including a visual
representation of the at least one radiopaque marker; and determine the position and orientation of
the camera with respect to the X-Ray device based on the visual representation of the at least one

radiopaque marker.

[00328] According to some embodiments, system 1500 may include a display 1540. Processing
unit 1530 may be configured to present, for example on display 1540 and/or on X-ray display 86,
at least one visual indicator 1542 that indicates the determined position and orientation of treatment

tool 90.

[00329] In some embodiments, processing unit 1530 may be configured to determine whether the
determined position and orientation of treatment tool 90 with respect to X-Ray device 80 is within
an allowed error range as compared to a required position and orientation of treatment tool 90 with
respect to X-Ray device 80. In some embodiments, processing unit 1530 may be configured to
update visual indicator(s) 1542 to thereby indicate whether the position and orientation of
treatment tool 90 is within the allowed error range thereof or not. The modification of visual
indicator(s) 1542 may, for example, include change of a color and/or a shape of visual indicator(s)

1542 (e.g., according to predetermined rules).

[00330] In various embodiments, processing unit 1530 may be configured to superimpose visual
indicator 1542 on, for example, an X-Ray image of target area 72 of patient 70 to yield a
superimposed image, and to display the superimposed image on display 1540 and/or on X-Ray
display 86.
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[00331] In some embodiments, processing unit 1530 may be configured to detect, or mark, target
area 72 in the X-Ray image thereof. Processing unit 1530 may be configured to determine whether
treatment tool 90 is aligned with respect to target area 72 based on the determined position and
orientation of treatment tool 90 and the X-Ray image. In some embodiments, processing unit 1530
may be configured to update visual indicator 1542 to thereby indicate whether treatment tool 90 is

aligned with target area 72 or not.

[00332] In some embodiments, processing unit 1530 may generate treatment tool guiding
instructions based on the determined position and orientation of treatment tool 90 with respect to
X-Ray device 80 and display the treatment tool guiding instructions on display 86/1540 (e.g., as
described above with respect to Figs. 14A and 14B). The guiding instruction may be indicative of
one or more directions in which treatment tool 90 should be moved (e.g., displaced and/or tilted)
and/or a measure of movement in each of the direction(s) in order to bring treatment tool 90 into
a position and orientation that is within the allowed error range thereof. The treatment tool guiding
instructions may, for example, enable easy and intuitive aiming and/or aligning of treatment tool

90 with respect to target area 72 and/or X-Ray device 80.

[00333] System 1500 may enable the user (e.g., treating physician) to aim treatment tool 90 at
target area 72 and/or to align (e.g., translate, tilt, pitch, yaw, roll, etc.) treatment tool 90 with respect
to X-Ray device 80 using visual indicator 1542 displayed on display 1540 and/or on X-Ray display
86. Visual indicator 1542 may indicate the position and orientation of treatment tool 90 with
respect to X-Ray device 80, which eliminates (or substantially eliminates) a need in X-Ray
imaging of patent 70 during the aiming and/or aligning of treatment tool 90. When using system
1500, X-Ray imaging may be required only at final stages of aiming and/or aligning of treatment
tool 90 in order to verify, prior to application of the treatment, that the actual position and
orientation of treatment tool 90 with respect to X-Ray device 80 corresponds to the required
position and orientation thereof or within the allowed error range thereof. In this manner, system
1500 may enable significantly reducing the exposure of the patient and/or the user to the X-Ray
radiation during the treatment procedure as compared to current treatment procedures that require
multiple exposures of patient 70 to X-Ray radiation during aiming and/or aligning of treatment

tool 90.
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[00334] Reference is now made to Fig. 16, which is a flowchart of a second method of aiming
and/or aligning a treatment tool in an X-Ray device environment, according to some embodiments

of the invention.

[00335] The method may be implemented by a system for aiming/aligning a treatment tool in an
X-Ray device environment (such as system 1500 described above with respect to Figs. 15A and
15B), which may be configured to implement the method. It is noted that the method is not limited
to the flowcharts illustrated in Fig. 16 and to the corresponding description. For example, in various
embodiments, the method needs not move through each illustrated box or stage, or in exactly the

same order as illustrated and described.

[00336] According to some embodiments, the method includes attaching (or removably
attaching) a calibration plate to a treatment tool, wherein the calibration plate includes at least one
optical marker positioned at predetermined positions within the calibration plate (stage 1602). For
example, calibration plate 1510 and optical marker(s) 1514 described above with respect to Figs.

15A and 15B.

[00337] Some embodiments may include attaching (or removably attaching) a camera to an X-
Ray device to the X-Ray device (stage 1604) (e.g., as described above with respect to Figs. 15A
and 15B). For example, camera 1520 described above with respect to Figs. 15A and 15B.

[00338] Some embodiments may include obtaining, by the camera, a camera image including a
visual representation of the at least one optical marker (stage 1606) (e.g., as described above with
respect to Fig. 1 and Fig. 4).

[00339] Some embodiments may include determining a position and orientation of the calibration
plate with respect to the camera based on the visual representation of the at least one optical marker
in the camera image and the position of the at least one optical marker within calibration plate
(stage 1607) (e.g., as described above with respect to Figs. 15A and 15B). For example, by utilizing
bundle adjustment/PnP algorithms as described above with respect to Figs. 15A and 15B.
[00340] Some embodiments, may include determining a position and orientation of the treatment
tool with respect to the X-Ray device based on the determined position and orientation of the
calibration plate with respect to the camera and the position and orientation of the camera with
respect to the X-Ry device (stage 1608) (e.g., as described above with respect to Figs. 15A and
15B).
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[00341] In some embodiments, the position and orientation of the camera with respect to the X-
Ray device may be known/predetermined.

[00342] In some other embodiments, the camera may be attached to the X-Ray device at an
arbitrary position and orientation, at least partly in the field-of-view of the X-Ray source of the X-
Ray device and may include at least one radiopaque marker. These embodiments may include
obtaining, by the X-Ray device, an X-Ray image of at least a portion of the camera and
determining, based on visual representation of the at least one radiopaque marker in the X-Ray
image, the position and orientation of the camera with respect to the X-Ray device.

[00343] Some embodiments may include displaying, on a display, visual indicator that indicates
the determined position and orientation of the treatment tool (stage 1610). For example, visual
indicator 1542 described above with respect to Figs. 15A and 15B.

[00344] Some embodiments may include determining whether the determined position and
orientation of the treatment tool with respect to the X-Ray device is within an allowed error range
as compared to a required position and orientation of the treatment tool with respect to the X-Ray
device (stage 1612) (e.g., as described above with respect to Figs. 15A and 15B).

[00345] Some embodiments may include updating the visual indicator to thereby indicate whether
the position and orientation of the treatment tool with respect to the X-Ray device is within the
allowed error range thereof or not (stage 1614) (e.g., as described above with respect to Figs. 15A

and 15B).

[00346] Some embodiments may include superimposing the visual indicator and an X-Ray image
of a target area of a patient to yield a superimposed image, and displaying the superimposed image

on the display (stage 1616).

[00347] Some embodiments may include detecting, or marking, the target area in the X-Ray
image thereof and determining whether the treatment tool is aligned with respect to the target area
based on the determined position and orientation of treatment tool and the X-Ray image (stage

1618).

[00348] Some embodiments may include updating the visual indicator to indicate whether the

treatment tool is aligned with the target area or not (stage 1620).

[00349] Some embodiments may include generating and displaying, on the display, treatment tool
guiding instructions indicative of one or more directions in which the treatment tool should be

moved (e.g., displaced and/or tilted) and/or a measure of movement in each of the direction(s) in
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order to bring the treatment tool into a position and orientation that is within the allowed error
range thereof (stage 1622). The treatment tool guiding instructions may be determined based on
the determined position and orientation of the treatment tool with respect to the X-Ray device, for
example, as described above with respect to Figs. 14A and 14B. The treatment tool guiding
instructions may, for example, enable easy and intuitive aiming and/or aligning of the treatment

tool with respect to the target area and/or the X-Ray device.

[00350] Some embodiments may include aiming and aligning the treatment tool according to the
visual indicator displayed on the display, without exposing a patient to X-Ray imaging by the X-
Ray device (stage 1624) (e.g., as described above with respect to Figs. 15A and 15B).

[00351] Reference is now made to Fig. 17, which is a schematic illustration of a second
embodiment of a system 1700 for aiming and/or aligning of a treatment tool 90 in an ultrasound

imaging device 60 environment, according to some embodiments of the invention.

[00352] According to some embodiments, system 1700 may include a calibration plate 1710, a
camera 1720 and a processing unit 1730. Fig. 17 shows a side view of system 1700. System 1700
may enable aiming of a treatment tool 90 at a target area 72 within a patient 70 and/or aligning of

treatment tool 90 with respect to an ultrasound imaging probe 62.

[00353] Ultrasound imaging device 60 may be any type of ultrasound imaging device, for
example a handheld device, a laptop device, a probe that is connected to a cell phone or tablet, or

a system on a portable cart and may include one or more probes and other accessories.

[00354] Treatment tool 90 may be, for example, an invasive treatment tool (such as a needle (e.g.,
biopsy needle, radiofrequency needle) and/or a probe) or a non-invasive treatment tool (such as an
ultrasound transducer or a focused ultrasound transducer) that needs to be aimed with respect to
target area 72 and/or aligned with respect to ultrasound imaging probe 62. For example, Fig. 17

shows a needle as an example for treatment tool 90.

[00355] According to some embodiments, calibration plate 1710 may include at least one optical
marker. Optical marker(s) may be positioned within calibration plate 1710 at predetermined and/or
known positions. Calibration plate 1710 may be attachable, or removably attachable, to treatment

tool 90.

[00356] According to some embodiments, camera 1720 is attachable, or removably attachable, to

ultrasound imaging probe 62 of ultrasound device 60. Camera 1720 may be attachable to
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ultrasound imaging probe 62 at a predetermined and/or known position and orientation with
respect to treatment tool 90. Camera 1720 may be attachable to ultrasound imaging probe 62 such

that at least a portion of calibration plate 1710 will be within a field of view 1721 of camera 1720.

[00357] In some embodiments, system 1700 may include a camera connector 1722. Camera
connector 1722 may be configured to tightly and stably attach camera 1720 to ultrasound imaging
probe 62 and to prevent unintended relative movements of camera 1720 with respect to ultrasound
imaging probe 62.

[00358] According to some embodiments, processing unit 1730 may be in communication (e.g.,

wired or wireless) with camera 1720 and with an ultrasound imaging unit 64 of ultrasound imaging

device 60.

[00359] According to some embodiments, processing unit 1730 may be configured to receive,
from camera 1720, one or more camera images of calibration plate 1710. Camera image(s) of

calibration plate 1710 may include a visual representation of optical marker(s).

[00360] According to some embodiments, processing unit 1730 may be configured to determine
a position and orientation of calibration plate 1710 with respect to camera 1720 (that may be
attached to, for example, ultrasound imaging probe 62) based on the visual representation of
optical marker(s) in the camera image(s), based on the known positions of optical marker(s) within
calibration plate 1710 and based on parameters of camera 1720 (e.g., such as distortion, field of
view 1721, etc.). The determination thereof may be utilized using, for example, bundle

adjustment/PnP algorithms.

[00361] According to some embodiments, processing unit 1730 may be configured to determine
a position and orientation of treatment tool 90 with respect to ultrasound imaging probe 62 based
on a predetermined position and orientation of calibration plate 1710 with respect to treatment tool
90, the determined position and orientation of calibration plate 1710 with respect to camera 1720

and the known position and orientation of camera 1720 with respect to the ultrasound imaging

probe 62.

[00362] According to some embodiments, system 1700 may include a display 1740. Processing
unit 1730 may be configured to present, for example on display 1740 and/or on ultrasound display
66, at least one visual indicator 1742 that indicates the determined position and orientation of

treatment tool 90.
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[00363] In some embodiments, processing unit 1730 may be configured to determine whether the
determined position and orientation of treatment tool 90 with respect to ultrasound imaging probe
62 is within an allowed error range as compared to a required position and orientation of treatment
tool 90 with respect to the ultrasound imaging probe 62. Processing unit 1730 may be configured
to modify visual indicator 1742 to thereby indicate whether the position and orientation of
treatment tool 90 with respect to ultrasound imaging probe 62 is within the allowed error range

thereof or not.

[00364] In various embodiments, processing unit 1730 may be configured to superimpose visual
indicator 1742 on, for example, an ultrasound image of target area 72 of patient 70 to yield a
superimposed image, and to display the superimposed image on display 1740 and/or on ultrasound
display 66.

[00365] In some embodiments, processing unit 1730 may be configured to detect, or mark, target
area 72 in the ultrasound image thereof. Processing unit 1730 may be configured to determine
whether treatment tool 90 is aligned with respect to target area 72 based on the determined position
and orientation of treatment tool 90 and the ultrasound image. In some embodiments, processing
unit 1730 may be configured to update visual indicator 142 to thereby indicate whether treatment

tool 90 is aligned with target area 72 or not.

[00366] In some embodiments, processing unit 1730 may generate treatment tool guiding
instructions based on the determined position and orientation of treatment tool 90 with respect to
ultrasound imaging probe 62 and display the treatment tool guiding instructions on display 86/1740
(e.g., as described above with respect to Figs. 14A and 14B). The treatment tool guiding
instructions may be indicative of one or more directions in which treatment tool 90 should be
moved (e.g., displaced and/or tilted) and/or a measure of movement in each of the direction(s) in
order to bring treatment tool 90 into a position and orientation that is within the allowed error range
thereof and/or that is aligned with respect to target area 72. The treatment tool guiding instructions
may, for example, enable easy and intuitive aiming and/or aligning of treatment tool 90 with

respect to target area 72 and/or ultrasound imaging probe 62.

[00367] System 1700 may enable the user (e.g., treating physician) to aim treatment tool 90 at
target area 72 and/or to align (e.g., translate, tilt, pitch, yaw, roll, etc.) treatment tool 90 with respect
to ultrasound imaging probe 62 using visual indicator 1742 displayed on display 1740 and/or on

ultrasound display 66. Visual indicator 1742 may indicate the position and orientation of treatment
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tool 90 with respect to ultrasound imaging probe 62, which eliminates (or substantially eliminates)
a need for ultrasound imaging of the tip of the treatment tool. When using system 1700, ultrasound
imaging of the treatment tool tip (where applicable), may be required only at final stages of aiming
and/or aligning of treatment tool 90 in order to verify, prior to application of the treatment, that
the actual position and orientation of treatment tool 90 with respect to patient anatomy is correct.
In this manner, system 1700 may enable significantly reducing the procedure time as compared to

current treatment procedures.

[00368] Reference is now made to Fig. 18, which is a flowchart of a second method of aiming
and/or aligning a treatment tool in an ultrasound imaging device environment, according to some

embodiments of the invention.

[00369] The method may be implemented by a system for aiming / aligning a treatment tool in an
ultrasound imaging device environment (such as system 1700 described above with respect to Fig.
17), which may be configured to implement the method. It is noted that the method is not limited
to the flowcharts illustrated in Fig. 18 and to the corresponding description. For example, in various
embodiments, the method needs not move through each illustrated box or stage, or in exactly the

same order as illustrated and described.

[00370] According to some embodiments, the method includes attaching (or removably
attaching) a calibration plate to a treatment tool, wherein the calibration plate includes at least one
optical marker positioned at predetermined positions within the calibration plate (stage 1802). For

example, calibration plate 1710 described above with respect to Fig. 17.

[00371] Some embodiments may include attaching (or removably attaching) a camera to an
ultrasound imaging probe at a predetermined position and orientation with respect to the ultrasound
imaging probe (stage 1804) (e.g., as described above with respect to Fig. 17). For example, camera

1720 described above with respect to Fig. 17.

[00372] Some embodiments may include obtaining, by the camera, a camera image including a
visual representation of the at least one optical marker (stage 1806) (e.g., as described above with
respect to Fig. 17).

[00373] Some embodiments may include determining a position and orientation of the calibration
plate with respect to the camera based on the visual representation of the at least one optical marker

in the camera image and the predetermined position of the at least one optical marker within
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calibration plate (stage 1808) (e.g., as described above with respect to Fig. 17). For example, by
utilizing bundle adjustment/PnP algorithms as described above with respect to Fig. 17.

[00374] Some embodiments, may include determining a position and orientation of the treatment
tool with respect to the ultrasound imaging probe based on a predetermined position and
orientation of the calibration plate with respect to the treatment tool, the determined position and
orientation of the calibration plate with respect to the camera and the predetermined position and
orientation of the camera with respect to the ultrasound imaging probe (stage 1810) (e.g., as
described above with respect to Fig. 17).

[00375] Some embodiments may include displaying, on a display, a visual indicator that indicates
the determined position and orientation of the treatment tool with respect to the ultrasound imaging
probe (stage 1812). For example, visual indicator 1742 described above with respect to Fig. 17.
[00376] Some embodiments may include determining whether the determined position and
orientation of the treatment tool with respect to the ultrasound imaging probe is within an allowed
error range as compared to a required position and orientation of the treatment tool with respect to
the ultrasound imaging probe (stage 1813). This may, for example, allow fast and accurate
targeting of the treatment tool to the target area.

[00377] Some embodiments may include modifying the visual indicator to thereby indicate
whether the position and orientation of the treatment tool with respect to the ultrasound imaging
probe is within the allowed error range thereof or not (stage 1814).

[00378] Some embodiments may include superimposing the visual indicator and an ultrasound
image of a target area of a patient to yield a superimposed image and displaying the superimposed

image on the display (stage 1815).

[00379] Some embodiments may include detecting, or marking, the target area in the ultrasound
image thereof and determining whether the treatment tool is aligned with respect to the target area

based on the determined position and orientation of treatment tool and the ultrasound image (stage

1816).

[00380] Some embodiments may include updating the visual indicator to indicate whether the

treatment tool is aligned with the target area or not (stage 1817).

[00381] Some embodiments may include generating and displaying, on the display, treatment tool
guiding instructions indicative of one or more directions in which the treatment tool should be

moved (e.g., displaced and/or tilted) and/or a measure of movement in each of the direction(s) in
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order to bring the treatment tool into a position and orientation that is within an allowed error range
(stage 1818). For example, as described below with respect to Figs. 14A and 14B. This may, for

example, thereof allow a fast and accurate targeting of treatment tool to the target area.

[00382] Some embodiments may include aiming and/or aligning the treatment tool according to
the a least one visual indicator displayed on the display (stage 1819).

[00383] Advantageously, the disclosed systems and methods may enable the user (e.g., treating
physician) to aim a treatment tool at a target area within a patient and/or to align the treatment tool
with respect to an imaging device using a visual indicator (e.g., displayed on a display) configured
to indicate the determined position and orientation of the treatment tool with respect to the imaging
device. This may be achieved without a need in mechanical connection of the treatment tool to the
imaging device and without a need in complex and/or expensive tracking units required in current
procedures. Furthermore, the disclosed systems and methods may increase an accuracy of the
procedure, reduce the dependency of the accuracy thereof on the user’s skillfulness and/or reduce
a duration of the treatment procedure, as compared to current treatment procedures that do not

utilize the disclosed systems and methods.

[00384] In the case of X-Ray imaging device, the disclosed systems and method may eliminate a
need in X-Ray imaging of a patient during the aiming and/or aligning of the treatment tool, which
may significantly reduce the exposure of the patient and/or the user to the X-Ray radiation during
the treatment procedure and/or significantly reduce the time duration of the treatment procedure
as compared to current treatment procedures that require X-Ray imaging of the patient during the
aiming and/or aligning of the treatment tool. When using the disclosed systems and methods, the
X-Ray imaging of the treatment tool and the patient may be required only at final stages of the
aiming and/or aligning of the treatment tool in order to verify, prior to application of the treatment,
that the actual position and orientation of the treatment tool with respect to the X-Ray device
corresponds to the required position and orientation thereof or within the allowed error range

thereof.

[00385] Aspects of the present invention are described above with reference to flowchart
illustrations and/or portion diagrams of methods, apparatus (systems) and computer program
products according to embodiments of the invention. It will be understood that each portion of the
flowchart illustrations and/or portion diagrams, and combinations of portions in the flowchart

illustrations and/or portion diagrams, can be implemented by computer program instructions.
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These computer program instructions can be provided to a processor of a general purpose
computer, special purpose computer, or other programmable data processing apparatus to produce
a machine, such that the instructions, which execute via the processor of the computer or other
programmable data processing apparatus, create means for implementing the functions/acts

specified in the flowchart and/or portion diagram or portions thereof.

[00386] These computer program instructions can also be stored in a computer readable medium
that can direct a computer, other programmable data processing apparatus, or other devices to
function in a particular manner, such that the instructions stored in the computer readable medium
produce an article of manufacture including instructions which implement the function/act
specified in the flowchart and/or portion diagram portion or portions thereof. The computer
program instructions can also be loaded onto a computer, other programmable data processing
apparatus, or other devices to cause a series of operational steps to be performed on the computer,
other programmable apparatus or other devices to produce a computer implemented process such
that the instructions which execute on the computer or other programmable apparatus provide
processes for implementing the functions/acts specified in the flowchart and/or portion diagram

portion or portions thereof.

[00387] The aforementioned flowchart and diagrams illustrate the architecture, functionality, and
operation of possible implementations of systems, methods and computer program products
according to various embodiments of the present invention. In this regard, each portion in the
flowchart or portion diagrams can represent a module, segment, or portion of code, which includes
one or more executable instructions for implementing the specified logical function(s). It should
also be noted that, in some alternative implementations, the functions noted in the portion can
occur out of the order noted in the figures. For example, two portions shown in succession can, in
fact, be executed substantially concurrently, or the portions can sometimes be executed in the
reverse order, depending upon the functionality involved. It will also be noted that each portion of
the portion diagrams and/or flowchart illustration, and combinations of portions in the portion
diagrams and/or flowchart illustration, can be implemented by special purpose hardware-based
systems that perform the specified functions or acts, or combinations of special purpose hardware

and computer instructions.

[00388] In the above description, an embodiment is an example or implementation of the

invention. The various appearances of "one embodiment”, "an embodiment", "certain
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embodiments" or "some embodiments" do not necessarily all refer to the same embodiments.
Although various features of the invention can be described in the context of a single embodiment,
the features can also be provided separately or in any suitable combination. Conversely, although
the invention can be described herein in the context of separate embodiments for clarity, the
invention can also be implemented in a single embodiment. Certain embodiments of the invention
can include features from different embodiments disclosed above, and certain embodiments can
incorporate elements from other embodiments disclosed above. The disclosure of elements of the
invention in the context of a specific embodiment is not to be taken as limiting their use in the
specific embodiment alone. Furthermore, it is to be understood that the invention can be carried
out or practiced in various ways and that the invention can be implemented in certain embodiments

other than the ones outlined in the description above.

[00389] The invention is not limited to those diagrams or to the corresponding descriptions. For
example, flow need not move through each illustrated box or state, or in exactly the same order as
illustrated and described. Meanings of technical and scientific terms used herein are to be
commonly understood as by one of ordinary skill in the art to which the invention belongs, unless
otherwise defined. While the invention has been described with respect to a limited number of
embodiments, these should not be construed as limitations on the scope of the invention, but rather
as exemplifications of some of the preferred embodiments. Other possible variations,
modifications, and applications are also within the scope of the invention. Accordingly, the scope
of the invention should not be limited by what has thus far been described, but by the appended

claims and their legal equivalents.
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CLAIMS

1. A system for aiming and aligning of a treatment tool in an X-Ray device environment, the
system comprising:
a calibration plate attachable to an X-Ray device and comprising at least one radiopaque
marker and at least one optical marker at predetermined positions within the calibration plate;
a camera attachable to the treatment tool at a predetermined position and orientation with
respect to the treatment tool; and
a processing unit in communication with the camera and an X-Ray imaging unit of the X-
Ray device, the processing unit is configured to:
receive, from the X-Ray imaging unit, an X-Ray image comprising a visual
representation of the at least one radiopaque marker;
determine a position and orientation of the calibration plate with respect to the X-
Ray device based on the visual representation of the at least one radiopaque marker in the
X-Ray image, the predetermined position of the at least one radiopaque marker within the
calibration plate and specified parameters of the X-Ray device;
receive, from the camera, a camera image comprising a visual representation of the
at least one optical marker;
determine a position and orientation of the camera with respect to the calibration
plate based on the visual representation of the at least one optical marker in the camera
image and the predetermined position of the at least one optical marker within the
calibration plate; and
determine a position and orientation of the treatment tool with respect to the X-Ray
device based on the determined position and orientation of the calibration plate with
respect to the X-Ray device, the determined position and orientation of the camera within
the calibration plate and the predetermined position and orientation of the camera with

respect to the treatment tool.

2. The system of claim 1, wherein the calibration plate comprises at least one of:
at least one non-symmetric radiopaque marker; and
multiple symmetric radiopaque markers that are asymmetrically positioned within the

calibration plate.
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The system of claim 1, wherein the calibration plate comprises multiple optical markers.

The system of any one of claims 1-3, further comprising a display and wherein the processing
unit is configured to present, on the display, a visual indicator that indicates the determined

position and orientation of the treatment tool.

The system of claim 4, wherein the processing unit is configured to:

determine whether the determined position and orientation of the treatment tool with
respect to the X-Ray device is within an allowed error range as compared to a required position
and orientation of the treatment tool with respect to the X-Ray device; and

modify the visual indicator to thereby indicate whether the position and orientation of the
treatment tool with respect to the X-Ray device is within the allowed error range thereof or

not.

The system of any one of claims 4-5, wherein the processing unit is configured to superimpose

the visual indicator on an X-Ray image of a target area within a patient.

The system of claim 6, wherein the processing unit is configured to:
detect, or mark, the target area in the X-Ray image;
determine whether the treatment tool is aligned with respect to the target area based on
the determined position and orientation of the treatment tool and the X-Ray image; and
modify the visual indicator to indicate whether the treatment tool is aligned with respect

to the target area.

The system of any one of claims 4-7, wherein the processing unit is configured to:
generate treatment tool guiding instructions based on the determined position and
orientation of the treatment tool with respect to the X-Ray device; and

display the treatment tool guiding instructions on the display.
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The system of claim 8, wherein the treatment tool guiding instructions are indicative of one or
more directions in which the treatment tool should be moved and a measure of movement in
each of the one or more directions in order to bring the treatment tool into a position and

orientation that is within and allowed error range thereof.

The system of any one of claims 8-9, wherein the processing unit is configured to display at
least one of:

treatment tool visual data comprising a visual representation of at least a portion of the
treatment tool; and

system components visual data comprising a visual representation of at least one
component of the system and indicative of an actual position and orientation of the respective

at least one component with respect to the treatment tool.

The system of any one of claims 1-10, wherein the treatment tool is one of: a focused

ultrasound transducer, and an interventional treatment tool.

A method of aiming and aligning of a treatment tool in an X-Ray device environment, the
method comprising:

attaching a calibration plate to an X-Ray device, wherein the calibration plate comprises
at least one radiopaque marker and at least one optical marker positioned at predetermined
positions within the calibration plate;

attaching a camera to the treatment tool at a predetermined position and orientation with
respect to the treatment tool;

obtaining, by the X-Ray device, an X-Ray image of the calibration plate, wherein the X-
Ray image comprises a visual representation of the at least one radiopaque marker;

determining, by a processing unit, a position and orientation of the calibration plate with
respect to the X-Ray device based on the visual representation of the at least one radiopaque
marker in the X-Ray image, the predetermined position of the at least one radiopaque marker
within the calibration plate and specified parameters of the X-Ray device;

obtaining, by the camera, a camera image comprising a visual representation of the at

least one optical marker;
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determining a position and orientation of the camera with respect to the calibration plate
based on the visual representation of the at least one optical marker in the camera image and
the predetermined position of the at least one optical marker within the calibration plate; and

determining a position and orientation of the treatment tool with respect to the X-Ray
device based on the determined position and orientation of the calibration plate with respect to
the X-Ray device, the determined position and orientation of the camera within the calibration
plate and the predetermined position and orientation of the camera with respect to the treatment

tool.

The method of claim 12, further comprising displaying, on a display, visual indicator that

indicates the determined position and orientation of the treatment tool.

The method of claim 13, further comprising determining whether the determined position and
orientation of the treatment tool with respect to the X-Ray device is within an allowed error
range as compared to a required position and orientation of the treatment tool with respect to

the X-Ray device.

The method of claim 14, further comprising modifying the visual indicator to thereby indicate
whether the position and orientation of the treatment tool with respect to the X-Ray device is

within the allowed error range thereof or not.

The method of any one of claims 12-135, further comprising superimposing the visual indicator

on an X-Ray image of a target area within a patient.

The method of claim 16, further comprising:
detecting, or marking, the target area in the X-Ray image;
determining whether the treatment tool is aligned with respect to the target area based on
the determined position and orientation of the treatment tool and the X-Ray image; and
modifying the visual indicator to indicate whether the treatment tool is aligned with

respect to the target area.

The method of any one of claims 13-17, further comprising:
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generating treatment tool guiding instructions based on the determined position and
orientation of the treatment tool with respect to the X-Ray device; and

displaying the treatment tool guiding instructions on the display.

The method of claim 18, wherein the treatment tool guiding instructions are indicative of one
or more directions in which the treatment tool should be moved and a measure of movement
in each of the one or more directions in order to bring the treatment tool into a position and

orientation that is within and allowed error range thereof.

The method of any one of claims 18-19, further comprising displaying at least one of:
treatment tool visual data comprising a visual representation of at least a portion of the
treatment tool; and
system components visual data comprising a visual representation of at least one
component of the system and indicative of an actual position and orientation of the respective

at least one component with respect to the treatment tool.

The method of any one of claims 13-20, further comprising aiming and aligning the treatment
tool according to the visual indicator displayed on the display, without exposing a patient to

X-Ray imaging by the X-Ray device.

A system for aiming and aligning of a treatment tool in an ultrasound imaging device
environment, the system comprising:

a calibration plate attachable to an ultrasound imaging probe of the ultrasound imaging
device and comprising at least one optical marker at predetermined positions within the
calibration plate;

a camera attachable to the treatment tool at a predetermined position and orientation with
respect to the treatment tool; and

a processing unit in communication with the camera and an ultrasound imaging unit of
the ultrasound imaging device, the processing unit is configured to:

receive, from the camera, a camera image comprising a visual representation of the

at least one optical marker;
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determine a position and orientation of the camera with respect to the calibration
plate based on the visual representation of the at least one optical marker in the camera
image and the predetermined position of the at least one optical marker within the
calibration plate; and

determine a position and orientation of the treatment tool with respect to the
ultrasound imaging probe based on a predetermined position and orientation of the
calibration plate with respect to the ultrasound imaging probe, the determined position
and orientation of the camera with respect to the calibration plate and the known position

and orientation of the camera with respect to the treatment tool.

23. The system of claim 22, wherein the calibration plate comprises multiple optical markers.

24. The system of any one of claims 22-23, further comprising a display and wherein the
processing unit is configured to present, on the display, a visual indicator that indicates the

determined position and orientation of the treatment tool.

25. The system of claim 24, wherein the processing unit is configured to:
determine whether the determined position and orientation of the treatment tool with
respect to the ultrasound imaging probe is within an allowed error range as compared to a
required position and orientation of the treatment tool with respect to the ultrasound imaging
probe; and
modify the visual indicator to thereby indicate whether the position and orientation of the
treatment tool with respect to the ultrasound imaging probe is within the allowed error range

thereof or not.

26. The system of any one of claims 22-25, wherein the processing unit is configured to

superimpose the visual indicator on an ultrasound image of a target area within a patient.

27. The system of claim 26, wherein the processing unit is configured to:

detect, or mark, the target area in the ultrasound image;
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determine whether the treatment tool is aligned with respect to the target area based on
the determined position and orientation of the treatment tool and the ultrasound image; and
modify the visual indicator to indicate whether the treatment tool is aligned with respect

to the target area.

The system of any one of claims 24-27, wherein the processing unit is configured to:
generate treatment tool guiding instructions based on the determined position and
orientation of the treatment tool with respect to the ultrasound imaging probe; and

display the treatment tool guiding instructions on the display.

The system of claim 28, wherein the treatment tool guiding instructions are indicative of one
or more directions in which the treatment tool should be moved and a measure of movement
in each of the one or more directions in order to bring the treatment tool into a position and

orientation that is within and allowed error range thereof.

The system of any one of claims 28-29, wherein the processing unit is configured to display at
least one of:

treatment tool visual data comprising a visual representation of at least a portion of the
treatment tool; and

system components visual data comprising a visual representation of at least one
component of the system and indicative of an actual position and orientation of the respective

at least one component with respect to the treatment tool.

The system of any one of claims 22-30, wherein the treatment tool is one of: a focused

ultrasound transducer, and an interventional treatment tool.

A method of aiming and aligning of a treatment tool in an ultrasound imaging device
environment, the method comprising:

attaching a calibration plate to an ultrasound imaging probe of the ultrasound imaging
device, wherein the calibration plate comprises at least one optical marker positioned at

predetermined positions within the calibration plate;
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attaching a camera to the treatment tool at a predetermined position and orientation with
respect to the treatment tool;

obtaining, by the camera, a camera image comprising a visual representation of the at
least one optical marker;

determining a position and orientation of the camera with respect to the calibration plate
based on the visual representation of the at least one optical marker in the camera image and
the predetermined position of the at least one optical marker within the calibration plate; and

determining a position and orientation of the treatment tool with respect to the ultrasound
imaging probe based on the determined position and orientation of the calibration plate with
respect to the ultrasound imaging probe, the determined position and orientation of the camera
within the calibration plate and a predetermined position and orientation of the camera with

respect to the treatment tool.

The method of claim 32, further comprising displaying, on a display, visual indicator that

indicates the determined position and orientation of the treatment tool.

The method of claim 33, further comprising determining whether the determined position and
orientation of the treatment tool with respect to the ultrasound imaging probe is within an
allowed error range as compared to a required position and orientation of the treatment tool

with respect to the ultrasound imaging probe.
The method of claim 34, further comprising modifying the visual indicator to indicate whether

the position and orientation of the treatment tool with respect to the ultrasound imaging probe

is within the allowed error range thereof or not.

The method of any one of claims 32-35, further comprising superimposing the visual indicator

on an ultrasound image of a target area within a patient.

The method of claim 36, further comprising:

detecting, or marking, the target area in the ultrasound image;
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determining whether the treatment tool is aligned with respect to the target area based on
the determined position and orientation of the treatment tool and the ultrasound image; and
modifying the visual indicator to indicate whether the treatment tool is aligned with

respect to the target area.

The method of any one of claims 32-37, further comprising:
generating treatment tool guiding instructions based on the determined position and
orientation of the treatment tool with respect to the ultrasound imaging probe; and

displaying the treatment tool guiding instructions on the display.

The method of claim 38, wherein the treatment tool guiding instructions are indicative of one
or more directions in which the treatment tool should be moved and a measure of movement
in each of the one or more directions in order to bring the treatment tool into a position and

orientation that is within and allowed error range thereof.

The method of any one of claims 38-39, further comprising displaying at least one of:
treatment tool visual data comprising a visual representation of at least a portion of the
treatment tool; and
system components visual data comprising a visual representation of at least one
component of the system and indicative of an actual position and orientation of the respective

at least one component with respect to the treatment tool.

The method of any one of claims 32-40, further comprising aiming and aligning the treatment

tool according to the visual indicator displayed on the display.

A system for aiming and aligning of a treatment tool in an X-Ray device environment, the
system comprising:

a calibration plate attachable to a treatment tool and comprising at least one optical marker
at predetermined positions within the calibration plate;

a camera attachable to the X-Ray device; and
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a processing unit in communication with the camera and an X-Ray imaging unit of the X-
Ray device, the processing unit is configured to:

receive, from the camera, a camera image comprising a visual representation of the
at least one optical marker;

determine a position and orientation of the calibration plate with respect to the
camera based on the visual representation of the at least one optical marker in the camera
image and the predetermined position of the at least one optical marker within the
calibration plate; and

determine a position and orientation of the treatment tool with respect to the X-Ray
device based on the determined position and orientation of the calibration plate with
respect to the camera and a position and orientation of the camera with respect to the X-

Ray device.

43. The system of claim 42, wherein the position and orientation of the camera is known.

44. The system of claim 42, wherein:
the camera comprises at least one radiopaque marker at least partly disposed within a field-
of-view of an X-Ray source of the X-Ray device; and
the processing unit is configured to:
receive an X-Ray image comprising a visual representation of the at least one radiopaque
marker; and
determine the position and orientation of the camera with respect to the X-Ray device based

on the visual representation of the at least one radiopaque marker.

45. The system of any one of claims 42-44, wherein the calibration plate comprises multiple optical

markers.
46. The system of any one of claims 42-45, further comprising a display and wherein the

processing unit is configured to present, on the display, a visual indicator that indicates the

determined position and orientation of the treatment tool.
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The system of claim 46, wherein the processing unit is configured to:

determine whether the determined position and orientation of the treatment tool with
respect to the X-Ray device is within an allowed error range as compared to a required position
and orientation of the treatment tool with respect to the X-Ray device; and

modify the visual indicator to thereby indicate whether the position and orientation of the
treatment tool with respect to the X-Ray device is within the allowed error range thereof or

not.

The system of any one of claims 46-47, wherein the processing unit is configured to

superimpose the visual indicator on an X-Ray image of a target area within a patient.

The system of claim 48, wherein the processing unit is configured to:
detect, or mark, the target area in the X-Ray image;
determine whether the treatment tool is aligned with respect to the target area based on
the determined position and orientation of the treatment tool and the X-Ray image; and
modify the visual indicator to indicate whether the treatment tool is aligned with respect

to the target area.

The system of any one of claims 47-49, wherein the processing unit is configured to:
generate treatment tool guiding instructions based on the determined position and
orientation of the treatment tool with respect to the X-Ray device; and

display the treatment tool guiding instructions on the display.

The system of claim 50, wherein the treatment tool guiding instructions are indicative of one
or more directions in which the treatment tool should be moved and a measure of movement
in each of the one or more directions in order to bring the treatment tool into a position and

orientation that is within and allowed error range thereof.

The system of any one of claims 50-51, wherein the processing unit is configured to display at

least one of:
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treatment tool visual data comprising a visual representation of at least a portion of the
treatment tool; and

system components visual data comprising a visual representation of at least one
component of the system and indicative of an actual position and orientation of the respective

at least one component with respect to the treatment tool.

The system of any one of claims 42-52, wherein the treatment tool is one of: a focused

ultrasound transducer, and an interventional treatment tool.

A method of aiming and aligning of a treatment tool in an X-Ray device environment, the
method comprising:

attaching a calibration plate to a treatment tool, wherein the calibration plate comprises
at least one optical marker positioned at predetermined positions within the calibration plate;

attaching a camera to the X-Ray device;

obtaining, by the camera, a camera image comprising a visual representation of the at
least one optical marker;

determining a position and orientation of the treatment tool with respect to the camera
based on the visual representation of the at least one optical marker in the camera image and
the predetermined position of the at least one optical marker within the calibration plate; and

determining a position and orientation of the treatment tool with respect to the X-Ray
device based on the determined position and orientation of the calibration plate with respect to

the camera and a position and orientation of the camera with respect to the X-Ray device.

The method of claim 54, wherein the position and orientation of the camera is known.

The method of claim 54, comprising:

attaching the camera to the X-Ray device such that at least one radiopaque marker thereof
is at least partly disposed within a field-of-view of an X-Ray source;

obtaining an X-Ray image comprising a visual representation of the at least one radiopaque

marker; and
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determining the position and orientation of the camera with respect to the X-Ray device

based on the visual representation of the at least one radiopaque marker.

The method of any one of claims 54-56, further comprising displaying, on a display, visual

indicator that indicates the determined position and orientation of the treatment tool.

The method of claim 57, further comprising determining whether the determined position and
orientation of the treatment tool with respect to the X-Ray device is within an allowed error
range as compared to a required position and orientation of the treatment tool with respect to

the X-Ray device.

The method of claim 58, further comprising modifying the visual indicator to thereby indicate
whether the position and orientation of the treatment tool with respect to the X-Ray device is

within the allowed error range thereof or not.

The method of any one of claims 54-59, further comprising superimposing the visual indicator

on an X-Ray image of a target area within a patient.

The method of claim 60, further comprising:
detecting, or marking, the target area in the X-Ray image;
determining whether the treatment tool is aligned with respect to the target area based on
the determined position and orientation of the treatment tool and the X-Ray image; and
modifying the visual indicator to indicate whether the treatment tool is aligned with

respect to the target area.

The method of any one of claims 57-61, further comprising:
generating treatment tool guiding instructions based on the determined position and
orientation of the treatment tool with respect to the X-Ray device; and

displaying the treatment tool guiding instructions on the display.
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The method of claim 62, wherein the treatment tool guiding instructions are indicative of one
or more directions in which the treatment tool should be moved and a measure of movement
in each of the one or more directions in order to bring the treatment tool into a position and

orientation that is within and allowed error range thereof.

The method of any one of claims 62-63, further comprising displaying at least one of:
treatment tool visual data comprising a visual representation of at least a portion of the
treatment tool; and
system components visual data comprising a visual representation of at least one
component of the system and indicative of an actual position and orientation of the respective

at least one component with respect to the treatment tool.

The method of any one of claims 57-64, further comprising aiming and aligning the treatment
tool according to the visual indicator displayed on the display, without exposing a patient to

X-Ray imaging by the X-Ray device.

A system for aiming and aligning of a treatment tool in an ultrasound imaging device
environment, the system comprising:
a calibration plate attachable to a treatment tool and comprising at least one optical marker
at predetermined positions within the calibration plate;
a camera attachable to an ultrasound imaging probe at a predetermined position and
orientation with respect to the ultrasound imaging probe; and
a processing unit in communication with the camera and an ultrasound imaging unit of
the ultrasound imaging device, the processing unit is configured to:
receive, from the camera, a camera image comprising a visual representation of the
at least one optical marker;
determine a position and orientation of the calibration plate with respect to the
camera based on the visual representation of the at least one optical marker in the camera
image and the predetermined position of the at least one optical marker within the

calibration plate; and
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determine a position and orientation of the treatment tool with respect to the
ultrasound imaging probe based on a predetermined position and orientation of the
calibration plate with respect to the treatment tool, the determined position and orientation
of the calibration plate with respect to the camera and the known position and orientation

of the camera with respect to the ultrasound imaging probe.

The system of claim 66, wherein the calibration plate comprises multiple optical markers.

The system of any one of claims 66-67, further comprising a display and wherein the
processing unit is configured to present, on the display, a visual indicator that indicates the

determined position and orientation of the treatment tool.

The system of claim 68, wherein the processing unit is configured to:

determine whether the determined position and orientation of the treatment tool with
respect to the ultrasound imaging probe is within an allowed error range as compared to a
required position and orientation of the treatment tool with respect to the ultrasound imaging
probe; and

modify the visual indicator to thereby indicate whether the position and orientation of the
treatment tool with respect to the ultrasound imaging probe is within the allowed error range

thereof or not.

The system of any one of claims 68-69, wherein the processing unit is configured to

superimpose the visual indicator on an ultrasound image of a target area within a patient.

The system of claim 70, wherein the processing unit is configured to:
detect, or mark, the target area in the ultrasound image;
determine whether the treatment tool is aligned with respect to the target area based on
the determined position and orientation of the treatment tool and the ultrasound image; and
modify the visual indicator to indicate whether the treatment tool is aligned with respect

to the target area.
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The system of any one of claims 70-71, wherein the processing unit is configured to:
generate treatment tool guiding instructions based on the determined position and
orientation of the treatment tool with respect to the ultrasound imaging probe; and

display the treatment tool guiding instructions on the display.

The system of claim 72, wherein the treatment tool guiding instructions are indicative of one
or more directions in which the treatment tool should be moved and a measure of movement
in each of the one or more directions in order to bring the treatment tool into a position and

orientation that is within and allowed error range thereof.

The system of any one of claims 68-73, wherein the processing unit is configured to display at
least one of:

treatment tool visual data comprising a visual representation of at least a portion of the
treatment tool; and

system components visual data comprising a visual representation of at least one
component of the system and indicative of an actual position and orientation of the respective

at least one component with respect to the treatment tool.

The system of any one of claims 66-74, wherein the treatment tool is one of: a focused

ultrasound transducer, and an interventional treatment tool.

A method of aiming and aligning of a treatment tool in an ultrasound imaging device
environment, the method comprising:

attaching a calibration plate to a treatment tool, wherein the calibration plate comprises
at least one optical marker positioned at predetermined positions within the calibration plate;

attaching a camera to an ultrasound imaging probe of an ultrasound imaging device at a
predetermined position and orientation with respect to the treatment tool;

obtaining, by the camera, a camera image comprising a visual representation of the at

least one optical marker;
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determining a position and orientation of the calibration plate with respect to the camera
based on the visual representation of the at least one optical marker in the camera image and
the predetermined position of the at least one optical marker within the calibration plate; and

determining a position and orientation of the treatment tool with respect to the ultrasound
imaging probe based on a predetermined position and orientation of the calibration plate with
respect to the treatment tool, the determined position and orientation of the calibration plate
with respect to the camera and the known position and orientation of the camera with respect

to the ultrasound imaging probe.

The method of claim 76, further comprising displaying, on a display, visual indicator that

indicates the determined position and orientation of the treatment tool.

The method of claim 77, further comprising determining whether the determined position and
orientation of the treatment tool with respect to the ultrasound imaging probe is within an
allowed error range as compared to a required position and orientation of the treatment tool

with respect to the ultrasound imaging probe.

The method of claim 78, further comprising modifying the visual indicator to indicate whether
the position and orientation of the treatment tool with respect to the ultrasound imaging probe

is within the allowed error range thereof or not.

The method of any one of claims 77-78, further comprising superimposing the visual indicator

on an ultrasound image of a target area within a patient.

The method of claim 80, further comprising:
detecting, or marking, the target area in the ultrasound image;
determining whether the treatment tool is aligned with respect to the target area based on
the determined position and orientation of the treatment tool and the ultrasound image; and
modifying the visual indicator to indicate whether the treatment tool is aligned with

respect to the target area.
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The method of any one of claims 77-81, further comprising:
generating treatment tool guiding instructions based on the determined position and
orientation of the treatment tool with respect to the ultrasound imaging probe; and

displaying the treatment tool guiding instructions on the display.

The method of claim 82, wherein the treatment tool guiding instructions are indicative of one
or more directions in which the treatment tool should be moved and a measure of movement
in each of the one or more directions in order to bring the treatment tool into a position and

orientation that is within and allowed error range thereof.

The method of any one of claims 77-83, further comprising displaying at least one of:
treatment tool visual data comprising a visual representation of at least a portion of the
treatment tool; and
system components visual data comprising a visual representation of at least one
component of the system and indicative of an actual position and orientation of the respective

at least one component with respect to the treatment tool.

The method of any one of claims 77-84, further comprising aiming and aligning the treatment

tool according to the visual indicator displayed on the display.
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Attaching a calibration plate to an X-Ray intensifier of the X-Ray device,
wherein the calibration plate includes at least one radiopaque marker and
at least one optical marker positioned at predetermined positions within
the calibration plate

Attaching (or removably attaching) a camera to the treatment tool at a
predetermined position and orientation with respect to the treatment tool

Obtaining, by the X-Ray device, an X-Ray image of the calibration plate,
wherein the X-Ray image includes a visual representation of the at least
one radiopaque marker

Determining a position and orientation of the calibration plate with respect
to the X-Ray device based on the visual representation of the at least one
radiopaque marker in the X-Ray image, the predetermined position of the
at least one radiopaque marker within the calibration plate and specified
parameters of the X-Ray device

Identifying the visual representation of the at least one radiopaque marker
in the X-Ray image of the calibration plate

Determining, based on the specified model of the X-Ray device, one or
more vectors that extend from an X-Ray source of the X-Ray device
towards the X-Ray intensifier and the calibration plate attached thereto
and intersect with the calibration plate

Determining one or more intersections of the corresponding one or more
vectors with the calibration plate
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Comparing the predetermined/known positions of the at least one
radiopaque marker within the calibration plate with the determined
intersection(s) of the vector(s) with the calibration plate

Determining the position and orientation of the calibration plate with
respect to the X-Ray device based on the comparison between the
predetermined/known positions of the radiopaque marker(s) within the
calibration plate with the determined intersection(s) of the vector(s) with
the calibration plate

\l
—

Obtaining, by the camera, a camera image comprising a visual
representation of the at least one optical marker

\l
—

Determining a position and orientation of the camera with respect to the
calibration plate based on the visual representation of the at least one
optical marker in the camera image and the predetermined position of the
at least one optical marker with respect to the calibration plate

\l
—

Determining a position and orientation of the treatment tool with respect to

the X-Ray device based on the determined position and orientation of the

calibration plate with respect to the X-Ray device, the determined position

and orientation of the camera with respect to the calibration plate and the

predetermined position and orientation of the camera with respect to the
treatment tool

Displaying, on a display, visual indicator that indicates the determined
position and orientation of the treatment tool with respect to the X-Ray
device.

l

Fig. 7 (cont. 1)

—

\l
—
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Determining whether the determined position and orientation of the
treatment tool with respect to the X-Ray device is within an allowed error
range as compared to a required position and orientation of the treatment

tool with respect to the X-Ray device

Updating the visual indicator to thereby indicate whether the position and
orientation of the treatment tool with respect to the X-Ray device is within
the allowed error range thereof or not

Superimposing the visual indicator and an X-Ray image of a target area of
a patient to yield a superimposed image, and displaying the superimposed
image on the display

Detecting, or marking, the target area in the X-Ray image thereof and
determining whether the treatment tool is aligned with respect to the
target area based on the determined position and orientation of treatment
tool and the X-Ray image

Updating the visual indicator to indicate whether the treatment tool is
aligned with the target area or not

Generating and displaying, on the display, guiding instructions indicative
of one or more directions in which the treatment tool should be moved
and/or a measure of movement in each of the one or more directions

l

Aiming and aligning the treatment tool according to the visual indicator
displayed on the display, without exposing a patient to X-Ray imaging by
the X-Ray device

Fig. 7 (cont. 2)
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Attaching a calibration plate plate at a predetermined location to the
ultrasound probe of the ultrasound device, wherein the calibration plate
plate includes at least one optical marker positioned at predetermined
positions within the calibration plate plate

Attaching (or removably attaching) a camera to the treatment tool at a
predetermined position and orientation with respect to the treatment tool

Obtaining, by the camera, a camera image comprising a visual
representation of the at least one optical marker from the calibration plate
plate

Determining a position and orientation of the camera with respect to the
calibration plate plate based on the visual representation of the at least
one optical marker in the camera image and the predetermined position of
the at least one optical marker with respect to the calibration plate plate

Determining a position and orientation of the treatment tool with respect to
the ultrasound probe based on the predetermined position and orientation
of the calibration plate plate with respect to the ultrasound probe, the
determined position and orientation of the camera with respect to the
calibration plate plate and the predetermined position and orientation of
the camera with respect to the treatment tool

Displaying, on a display, visual indicator that indicates the determined
position and orientation of the treatment tool with respect to the
ultrasound image.

Determining whether the determined position and orientation of the
treatment tool with respect to the ultrasound imaging probe is within an
allowed error range as compared to a required position and orientation of
the treatment tool with respect to the ultrasound imaging probe

Fig. 12
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—_
N
—_
o~

Modifying the visual indicator to thereby indicate whether the position and
orientation of the treatment tool with respect to the ultrasound imaging
probe is within the allowed error range thereof or not

NG

—_
N
—_
o

Superimposing the visual indicator and an ultrasound image of a target
area of a patient to yield a superimposed image and displaying the
superimposed image on the display

NG

—_
N
—_
»

Detecting, or marking, the target area in the ultrasound image thereof and
determining whether the treatment tool is aligned with respect to the
target area based on the determined position and orientation of treatment
tool and the ultrasound image

Updating the visual indicator to indicate whether the treatment tool is
aligned with the target area or not

Generating and displaying, on the display, guiding instructions indicative
of one or more directions in which the treatment tool should be moved
and/or a measure of movement in each of the one or more directions

Y

Aiming and aligning the treatment tool according to the visual indicator
displayed on the display

Fig. 12 (cont.)
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1
Presenting, by a processing unit, at least one visual indicator on a display /

Generating, by the processing unit, based on the determined position and /
orientation of the treatment tool with respect to the imaging device,
guiding instructions

v 1406

Presenting, by the processing unit, on the display, the guiding instructions /

Fig. 14A
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1602
Attaching (or removably attaching) a calibration plate to a treatment /

tool, wherein the calibration plate includes at least one optical
marker positioned at predetermined positions within the calibration

plate
| 1604
Attaching (or removably attaching) a camera to an X-Ray device to /
the X-Ray device
| 1606

Obtaining, by the camera, a camera image including a visual |/
representation of the at least one optical marker

1607
Determining a position and orientation of the calibration plate with /

respect to the camera based on the visual representation of the at
least one optical marker in the camera image and the position of the
at least one optical marker within calibration plate

1608

Determining a position and orientation of the treatment tool with |/

respect to the X-Ray device based on the determined position and

orientation of the calibration plate with respect to the camera and

the position and orientation of the camera with respect to the X-Ry
device

| 1610

Displaying, on a display, visual indicator that indicates the J

determined position and orientation of the treatment tool with
respect to the X-Ray device.

| 1612
Determining whether the determined position and orientation of the |/
treatment tool with respect to the X-Ray device is within an allowed
error range as compared to a required position and orientation of
the treatment tool with respect to the X-Ray device

I

Fig. 16
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1614
Updating the visual indicator to thereby indicate whether the position /
and orientation of the treatment tool with respect to the X-Ray

device is within the allowed error range thereof or not

1616
Superimposing the visual indicator and an X-Ray image of a target /
area of a patient to yield a superimposed image, and displaying the

superimposed image on the display

1618
Detecting, or marking, the target area in the X-Ray image thereof J
and determining whether the treatment tool is aligned with respect
to the target area based on the determined position and orientation

of treatment tool and the X-Ray image

1620
Updating the visual indicator to indicate whether the treatment tool /2
is aligned with the target area or not

1622
Generating and displaying, on the display, guiding instructions |/
indicative of one or more directions in which the treatment tool
should be moved and/or a measure of movement in each of the one
or more directions

y 1624

Aiming and aligning the treatment tool according to the visual |/

indicator displayed on the display, without exposing a patient to X-
Ray imaging by the X-Ray device

Fig. 16 (cont. 2)
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1802
Attaching (or removably attaching) a calibration plate to a treatment j
tool, wherein the calibration plate includes at least one optical
marker positioned at predetermined positions within the calibration
plate

I 1804
Attaching (or removably attaching) a camera to an ultrasound j
imaging probe at a predetermined position and orientation with
respect to the ultrasound imaging probe

I 1806
Obtaining, by the camera, a camera image including a visual j
representation of the at least one optical marker

| 1808
Determining a position and orientation of the calibration plate with j
respect to the camera based on the visual representation of the at
least one optical marker in the camera image and the
predetermined position of the at least one optical marker within
calibration plate

[ 1810
Determining a position and orientation of the treatment tool with j
respect to the ultrasound imaging probe based on a predetermined
position and orientation of the calibration plate with respect to the
treatment tool, the determined position and orientation of the
calibration plate with respect to the camera and the predetermined
position and orientation of the camera with respect to the ultrasound
imaging probe

| y12
Displaying, on a display, visual indicator that indicates the
determined position and orientation of the treatment tool with
respect to the ultrasound image.

| 1813
Determining whether the determined position and orientation of the j
treatment tool with respect to the ultrasound imaging probe is within
an allowed error range as compared to a required position and
orientation of the treatment tool with respect to the ultrasound
imaging probe

!

Fig. 18
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| 1814
Modifying the visual indicator to thereby indicate whether the j
position and orientation of the treatment tool with respect to the
ultrasound imaging probe is within the allowed error range thereof

or not y1 5
Superimposing the visual indicator and an ultrasound image of a
target area of a patient to yield a superimposed image and
displaying the superimposed image on the display

1816
Detecting, or marking, the target area in the ultrasound image j
thereof and determining whether the treatment tool is aligned with
respect to the target area based on the determined position and
orientation of treatment tool and the ultrasound image

1817
Updating the visual indicator to indicate whether the treatment tool j
is aligned with the target area or not

| 1818
Generating and displaying, on the display, guiding instructions j
indicative of one or more directions in which the treatment tool
should be moved and/or a measure of movement in each of the one
or more directions

l 1819
Aiming and aligning the treatment tool according to the visual j
indicator displayed on the display

Fig. 18 (cont)
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