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(57) ABSTRACT

The present invention discloses a surgical maneuvering
system, in which movement of a moving element is used to
control a surgical device such as a surgical tool or an
endoscope. The moving element can be a tool or a portion
of an operator’s body. The relationship between the moving
element and the surgical device can be any of: motion of a
moving element controlling motion of a surgical device,
motion of a moving element controlling an action of a
surgical device, a command of a moving element controlling
motion of a surgical device, or a command of a moving
element controlling an action of the device. Commands are
typically arbitrary movements such as shaking a tool.
Actions are changes in a surgical device that do not change
its overall position, such as closing a grasper.

1480

1430

"\1470

1420

1460



Patent Application Publication Nov. 15,2018 Sheet 1 of 24 US 2018/0325604 A1

— 330 —|

Fig. 1a 310_’£"— \\\\\ \\\1‘320

\\%\
<—--— 320

Fig. 1b 310 — i

Fig. 1c

g 310— x——v/* §\\\§\\\\\\\\\\\\\5320



Patent Application Publication Nov. 15,2018 Sheet 2 of 24 US 2018/0325604 A1

Fig. 2a 310 —» i_ \ ..

-----
................

o®
P
.

Fig. 2b , %\ ...........

310 —» h\\\\\\\\\\\\\\%
A

Fig. 2¢

460

Fig. 2d




Patent Application Publication Nov. 15,2018 Sheet 3 of 24 US 2018/0325604 A1

310 —»
Fig. 3a f_

et N

(0.,

310...._.,£_\i \\\\\\

Fig. 3b

340

Fig. 3c

Fig. 3d 310




US 2018/0325604 A1

Nov. 15,2018 Sheet 4 of 24

Patent Application Publication

.

.

640

Fig. 4

Fig. 5



Patent Application Publication Nov. 15,2018 Sheet 5 of 24 US 2018/0325604 A1

810

-

Fig. 6a 820 §\\\ /
830

/810

Fig. 6b 820 _*i :‘ s\\\\\\\\\




Patent Application Publication Nov. 15,2018 Sheet 6 of 24 US 2018/0325604 A1

Fig. /¢

Fig. 7d




Patent Application Publication Nov. 15,2018 Sheet 7 of 24 US 2018/0325604 A1

1010

/ ‘
\\\\ \\
\

o N
f
4 l

1020




US 2018/0325604 A1

Patent Application Publication Nov. 15,2018 Sheet 8 of 24

-
0
-
<~

1140

1120

1110




Patent Application Publication Nov. 15,2018 Sheet 9 of 24 US 2018/0325604 A1

1210

1220, 1230

\



Patent Application Publication Nov. 15,2018 Sheet 10 of 24  US 2018/0325604 A1

+1330}«

1310 — ~— 1320

1380

Fig. 11a
1330

1310— £ 1320

Fig. 11c



Patent Application Publication Nov. 15,2018 Sheet 11 of 24  US 2018/0325604 A1

1480

1440

Fig. 12a

A T
1420 LT

1480
\

Fig. 12b




Patent Application Publication Nov. 15,2018 Sheet 12 of 24  US 2018/0325604 A1

100

100

100

7
170 210

210

100




Patent Application Publication Nov. 15,2018 Sheet 13 of 24  US 2018/0325604 A1

1100

200

Fig. 14



Patent Application Publication Nov. 15,2018 Sheet 14 of 24  US 2018/0325604 A1

Fig. 15A  1920—

Fig. 15B




Patent Application Publication Nov. 15,2018 Sheet 15 of 24  US 2018/0325604 A1

1620
Fig. 16A

1620
Fig. 16B




Patent Application Publication Nov. 15,2018 Sheet 16 of 24  US 2018/0325604 A1

Fig. 17A  1720—

Fig. 178

Fig. 17C




Patent Application Publication Nov. 15,2018 Sheet 17 of 24  US 2018/0325604 A1




Patent Application Publication Nov. 15,2018 Sheet 18 of 24  US 2018/0325604 A1

Fig. 19A

Fig. 19B

Fig. 19C




Patent Application Publication Nov. 15,2018 Sheet 19 of 24  US 2018/0325604 A1

Fig. 20A 2020— f—_
I

Fig. 20B

Fig. 20C




Patent Application Publication Nov. 15,2018 Sheet 20 of 24  US 2018/0325604 A1

Fig. 21A

Fig. 21B




Fig. 22B







Fig. 24B 2420

24257 \s. U



US 2018/0325604 A1

Nov. 15,2018 Sheet 24 of 24

Patent Application Publication

Fig. 25



US 2018/0325604 A1

IMPROVED INTERFACE FOR
LAPAROSCOPIC SURGERIES - MOVEMENT
GESTURES

FIELD OF THE INVENTION

[0001] The present invention generally pertains to a sys-
tem and method for providing an improved interface for
laparoscopic surgeries.

BACKGROUND OF THE INVENTION

[0002] Laparoscopic surgery is becoming increasingly
popular with patients because the scars are smaller and their
period of recovery is shorter. Laparoscopic surgery requires
special training of the surgeon or gynecologist and the
theatre nursing staff. The equipment is often expensive and
is not available in all hospitals. During laparoscopic surgery
it is often required to shift the spatial placement of the
endoscope in order to present the surgeon with the optimal
view. Conventional laparoscopic surgery makes use of either
human assistants that manually shift the instrumentation or
alternatively robotic automated assistants (such as JP patent
No. 06063003).

[0003] In laparoscopic surgery, the surgeon performs the
operation through small holes using long instruments and
observing the internal anatomy with an endoscope camera.
The surgeon’s performance is largely dependent on the
camera position relative to the instruments and on a stable
image shown at the monitor. In general, the surgeon needs
a close-up view of the area in which he wants to work,
however, there are times when an overview of a large
portion of the working area, such as an overall view of the
interior of the abdomen, is desirable.

[0004] U.S. patent application US2006/0281971 discloses
a method and apparatus for presenting three-dimensional
data to a physician is provided to facilitate the flexible
navigation of an endoscope and surgical instruments with
respect to anatomical structures. In accordance with a first
embodiment a first set of data corresponding to a three
dimensional model of a patient’s anatomy is received. This
three-dimensional model may be rendered from images
taken in CT or MRI scanning, as discussed above In
accordance with this embodiment, this model is then com-
bined with a second set of data corresponding to a view
obtained from an endoscope. In another embodiment, the
view from the illustrative endoscope is displayed as an inset
image on the display of the three-dimensional image. In yet
another embodiment, the three-dimensional image com-
prises a graphical representation of at least a first surgical
instrument, such as said endoscope. The surgeon may select
among various combinations of views and may zoom in or
out from any particular view.

[0005] However, U.S. patent application US2006/
0281971 does not disclose a means of controlling the
endoscope.

[0006] U.S. Pat. No. 6,714,841 discloses an automated
camera endoscope in which the surgeon is fitted with a head
mounted light source that transmits the head movements to
a sensor, forming an interface that converts the movements
to directions for the mechanical movement of the automated
assistant. Alternative automated assistants incorporate a
voice operated interface, a directional key interface, or other
navigational interfaces. The above interfaces share the fol-
lowing drawbacks:
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[0007] a. A single directional interface that provide
limited feedback to the surgeon
[0008] b. A cumbersome serial operation for starting
and stopping movement directions that requires the
surgeon’s constant attention, preventing the surgeon
from keeping the flow of the surgical procedure.
[0009] Research has suggested that these systems divert
the surgeons focus from the major task at hand. Therefore
technologies assisted by magnets and image processing have
been developed to simplify interfacing control. However,
these improved technologies still fail to address another
complicating interface aspect of laparoscopic surgery, in that
they do not allow the surgeon to signal to automated
assistants, to human assistants or to surgical colleagues
which instrument his attention is focused on.
[0010] Hence there is still a long felt need for improving
the interface between the surgeon, his surgical colleagues or
human assistants and an endoscope system, for laparoscopic

surgery
SUMMARY OF THE INVENTION

[0011] Itis an object of the present invention to disclose a
system for providing improved interface for laparoscopic
surgeries.

[0012] It is another object of the present invention to
disclose a maneuvering system, comprising: (a) at least one
endoscope adapted to real-time provide at least one image of
a field of view; (b) at least one surgical tool; (c) at least one
maneuvering mechanism in active communication with at
least one selected from a group consisting of said at least one
endoscope, said at least one surgical tool and any combina-
tion thereof; said maneuvering mechanism is configured to
maneuver at least one selected from a group consisting of
said at least one endoscope, said at least one surgical tool
and any combination thereof; in at least two dimensions; (d)
a computer program which, when executed by a data pro-
cessor, is in communication with a member of a group
consisting of said at least one endoscope, said at least one
surgical tool and any combination thereof; said program,
when executed by a data processor is configured to (i)
real-time image process said at least one image; (ii) detect
movement of at least a portion of said at least one surgical
tool; wherein, if said detected movement of at least a portion
of said at least one surgical tool is within a predetermined
protocol of input movement, then at least one of the fol-
lowing is being held true: (a) said endoscope is maneuvered
by means of said maneuvering mechanism according to a
predetermined protocol of output movement; (b) said at least
one surgical tool is maneuvered by means of said maneu-
vering mechanism according to a predetermined protocol of
output movement; (c) said at least one surgical tool is
activated; (d) a second surgical tool is maneuvered by means
of said maneuvering mechanism according to said at least
one output movement protocol; (e) a second surgical tool is
activated according to said at least one output movement
protocol; and, (f) any combination thereof.

[0013] It is another object of the present invention to
disclose a system for maneuvering a surgical tool, compris-
ing: (a) at least one surgical tool; (b) at least one endoscope;
(c) at least one maneuvering mechanism in active commu-
nication with said at least one surgical tool and said at least
one endoscope; said maneuvering mechanism is configured
to maneuver at least one selected from a group consisting of
said at least one surgical tool, said at least one endoscope



US 2018/0325604 A1

and any combination thereof in at least two dimensions; (d)
at least one sensor configured to indicate at least one
movement of at least one moving element; said sensor
indicates movement of said moving element if a current 3D
position or current signal, 3D_,,,.,.,, is substantially different
from a previous 3D position or previous signal of the same,
3D, erions> (€) either a wired or wireless communicable
database for consecutively storing said 3D,,,,,,, and said
3D, ,cvions OFf €ach of said moving element; and (1) a data
processor comprising a computer program in communica-
tion with said at least one surgical tool and said at least one
maneuvering mechanism; said program, when executed by
said data processor is configured to identify if said move-
ment of said moving element is within a predetermined
protocol of input movement; wherein, if said detected move-
ment of said moving element is within said predetermined
protocol of input movement or said detected position of said
moving element is within a predetermined protocol of input
positions, then at least one of the following is being held
true: (a) said endoscope is maneuvered by means of said
maneuvering mechanism according to a predetermined pro-
tocol of output movement; (b) said at least one surgical tool
is maneuvered by means of said maneuvering mechanism
according to a predetermined protocol of output movement;
and (c) said at least one surgical tool is activated; (d) a
second surgical tool is maneuvered by means of said maneu-
vering mechanism according to said at least one output
protocol; (e) a second surgical tool is activated according to
said at least one output protocol; and, (f) any combination
thereof.

[0014] It is another object of the present invention to
disclose a maneuvering system, comprising: (a) at least one
endoscope adapted to real-time provide at least one image of
a field of view; (b) at least one surgical tool; (c) at least one
maneuvering mechanism in active communication with at
least one selected from a group consisting of said at least one
endoscope, said at least one surgical tool and any combina-
tion thereof; said maneuvering mechanism is configured to
maneuver at least one selected from a group consisting of
said at least one endoscope, said at least one surgical tool
and any combination thereof; in at least two dimensions; (d)
a computer program which, when executed by a data pro-
cessor, is in communication with a member of a group
consisting of said at least one endoscope, said at least one
surgical tool and any combination thereof; said program,
when executed by a data processor is configured to deter-
mine, from said image of said field of view, an input
protocol; wherein, if said input protocol is within a prede-
termined input command, at least one output command is
being activated.

[0015] It is another object of the present invention to
disclose a system for maneuvering a surgical tool, compris-
ing (a) at least one surgical tool; (b) at least one endoscope;
(c) at least one maneuvering mechanism in active commu-
nication with said at least one surgical tool and said at least
one endoscope; said maneuvering mechanism is configured
to maneuver said at least one surgical tool in at least two
dimensions; (d) at least one sensor configured to indicate a
member of a group consisting of: movement of at least one
moving element, position of at least one moving element,
and any combination thereof; said sensor indicates said
position of said moving element via a current 3D position or
current signal, 3D ; and said sensor indicates said

current’

movement of said moving element if said current 3D posi-
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tion or current signal, 3D_,,,,... is substantially different
from at least one previous 3D position or previous signal of
the same, 3D,,.,.....; (¢) either a wired or wireless commu-
nicable database for storing said 3D, for each said
moving element, and, to indicate movement, consecutively
storing said 3D, and said 3D of each of said
moving element; and (f) a data processor comprising a
computer program in communication with said at least one
surgical tool and said at least one maneuvering mechanism;
said program, when executed by said data processor is
configured to identify at least one of a group consisting of’
said movement of said moving element is within a prede-
termined input protocol; said position of said moving ele-
ment is within a predetermined input protocol and any
combination thereof; wherein, if said input command is
within a predetermined input protocol, at least one output

command is being activated.

[0016] It is another object of the present invention to
disclose the system as described above, wherein said input
command is selected from a group consisting of: at least one
said surgical tool is maneuvered according to an input
movement protocol; at least a portion of at least one said
surgical tool is positioned in a predetermined region of said
field of view; at least a portion of at least one said surgical
tool is positioned less than a predetermined distance from an
edge of said field of view; at least a portion of at least one
said surgical tool is oriented at a predetermined angle in said
field of view; at least one said surgical tool is activated; at
least one said surgical tool is deactivated; at least one said
surgical tool is articulated; at least one said endoscope is
maneuvered according to an input movement protocol; at
least one said endoscope is articulated; at least one said
endoscope is zoomed; at least one said endoscope is acti-
vated; at least one said endoscope is deactivated; at least a
portion of a second endoscope is positioned in a predeter-
mined region of said field of view; at least a portion of a
second endoscope is positioned less than a predetermined
distance from an edge of said field of view; at least a portion
of a second endoscope is oriented at a predetermined angle
in said field of view; a relationship between at least two
articles; and any combination thereof.

[0017] It is another object of the present invention to
disclose the system as described above, wherein said input
movement protocol is selected from a group consisting of:
moving said at least one surgical tool parallel to the X axis;
moving said at least one surgical tool parallel to the Y axis;
moving said at least one surgical tool parallel to the Z-axis;
rotational movement of said at least one surgical tool around
an axis parallel to the X axis; rotational movement of said at
least one surgical tool around an axis parallel to the Y axis;
rotational movement of said at least one surgical tool around
an axis parallel to the 7 axis; shaking said at least one
surgical tool, moving said at least one surgical tool in at least
a portion of a circle, moving said at least one surgical tool
in at least a portion of an oval, moving said at least one
surgical tool in at least a portion of an ellipse, moving said
at least one surgical tool in a straight line, moving said at
least one surgical tool in a zigzag, moving said at least one
endoscope parallel to the X axis; moving said at least one
endoscope parallel to the Y axis; moving said at least one
endoscope parallel to the Z-axis; rotational movement of
said at least one endoscope around an axis parallel to the X
axis; rotational movement of said at least one endoscope
around an axis parallel to the Y axis; rotational movement of
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said at least one endoscope around an axis parallel to the 7
axis; shaking said surgical tool, moving said at least one
endoscope in at least a portion of a circle, moving said at
least one endoscope in at least a portion of an oval, moving
said at least one endoscope in at least a portion of an ellipse,
moving said at least one endoscope in a straight line, moving
said at least one endoscope in a zigzag, and any combination
thereof.

[0018] It is another object of the present invention to
disclose the system as described above, wherein said acti-
vation is selected from a group consisting of: opening said
at least one surgical tool, closing said at least one surgical
tool, causing said at least one surgical tool to function,
stopping said at least one surgical tool from functioning,
introducing at least one said surgical tool to the surgical
environment, removing at least one said surgical tool from
the surgical environment, introducing at least one said
endoscope to a surgical environment, removing at least one
said endoscope from a surgical environment and any com-
bination thereof.

[0019] It is another object of the present invention to
disclose the system as described above, wherein said output
command is selected from a group consisting of: said at least
one surgical tool is maneuvered according to an output
movement protocol; at least a portion of at least one said
surgical tool is repositioned to a predetermined region of
said field of view; at least a portion of at least one said
surgical tool is oriented at a predetermined angle in said field
of view; said at least one surgical tool is activated:; at least
one said surgical tool is deactivated; in at least one said
surgical tool, at least one of a group consisting of an
articulation angle, an articulation length and any combina-
tion thereof is altered; at least one said surgical tool is
tagged; at least one said surgical tool is tracked; a second
surgical tool is maneuvered according to said at least one
output protocol; a second surgical tool is activated; a second
surgical tool is deactivated; in a second surgical tool, at least
one of a group consisting of an articulation angle, an
articulation length and any combination thereof is altered; at
least one said endoscope is maneuvered according to an
output movement protocol; in at least one said endoscope, at
least one of a group consisting of an articulation angle, an
articulation length and any combination thereof is altered; at
least one said endoscope is zoomed; at least one said
endoscope is activated; at least one said endoscope is
deactivated; at least a portion of a second endoscope is
positioned in a predetermined region of said field of view; at
least a portion of of a second endoscope is positioned less
than a predetermined distance from an edge of said field of
view; a second endoscope is tagged; a second endoscope is
tracked; at least a portion of an organ is tagged; at least a
portion of a body structure is tagged; a relationship between
at least two articles; and any combination thereof.

[0020] It is another object of the present invention to
disclose the system as described above, wherein said output
movement protocol is selected from a group consisting of:
moving said at least one surgical tool parallel to the X axis;
moving said at least one surgical tool parallel to the Y axis;
moving said at least one surgical tool parallel to the Z-axis;
rotational movement of said at least one surgical tool around
an axis parallel to the X axis; rotational movement of said at
least one surgical tool around an axis parallel to the Y axis;
rotational movement of said at least one surgical tool around
an axis parallel to the 7 axis; shaking said at least one
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surgical tool, moving said at least one surgical tool in at least
a portion of a circle, moving said at least one surgical tool
in at least a portion of an oval, moving said at least one
surgical tool in at least a portion of an ellipse, moving said
at least one surgical tool in a straight line, moving said at
least one surgical tool in a zigzag, moving said endoscope
parallel to the X axis; moving said endoscope parallel to the
Y axis; moving said endoscope parallel to the Z-axis;
rotational movement of said endoscope around an axis
parallel to the X axis; rotational movement of said endo-
scope around an axis parallel to the Y axis; rotational
movement of said endoscope around an axis parallel to the
7 axis; shaking said at least one surgical tool, moving said
endoscope in at least a portion of a circle, moving said
endoscope in at least a portion of an oval, moving said
endoscope in at least a portion of an ellipse, moving said
endoscope in a straight line, moving said endoscope in a
zigzag, an allowed movement, a restricted movement and
any contbination thereof.

[0021] It is another object of the present invention to
disclose the system as described above, wherein said output
protocol is selected from a group consisting of: said at least
one endoscope is maneuvered such that at least one said
surgical tool remains within said field of view, said at least
one endoscope is maneuvered such that at least one said
surgical tool is at a center of said field of view, said at least
one endoscope is maneuvered such that at least one said
surgical tool is more than a predetermined distance from said
edge of said field of view, said at least one endoscope is
maneuvered such that at least one said surgical tool is
between said edge of said field of view and said predeter-
mined distance from aid edge of said field of view, zoom of
said at least one endoscope is altered until said at least one
surgical tool at a distance from said edge of said field of view
than said predetermined distance from said edge of said field
of view and any combination thereof.

[0022] It is another object of the present invention to
disclose the system as described above, wherein said acti-
vation of said at least one surgical tool is selected from a
group consisting of: opening said at least one surgical tool,
closing said at least one surgical tool, causing said at least
one surgical tool to said surgical, stopping said at least one
surgical tool from functioning and any combination thereof.
[0023] It is another object of the present invention to
disclose the system as described above, wherein said rela-
tionship is selected from a group consisting of: a predeter-
mined distance between said articles, a predetermined angle
between said articles, at least one said article in a predeter-
mined orientation with respect to at least one other said
article, a predetermined difference in speed between at least
two articles, a predetermined difference in velocity between
at least two articles, and any combination thereof

[0024] It is another object of the present invention to
disclose the system as described above, wherein said article
is selected from a group consisting of: a surgical tool, an
endoscope, at least a portion of a tool, at least a portion of
an endoscope, at least a portion of a body, at least a portion
of an organ, at least a portion of a tissue, at least a portion
of an object and any combination thereof, where tissue refers
to a structure in the body including, but not limited to, a
membrane, a ligament, fat, mesentery, a blood vessel, a
nerve, bone, cartilage, a tumor, a cyst and any combination
thereof and an object can include a swab, suture thread, a
towel, a sponge, a knife blade, a scalpel blade, a pin, a safety
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pin, a tip, tube, an adapter, a guide such as a cutting guide,
a measurement device and any combination thereof

[0025] It is another object of the present invention to
disclose a system for providing at least one augmented
reality image, comprising: (a) at least one tool; (b) at least
one camera located in said tool, configured to real-time
provide at least one image of a field of view of said tool; and
(c¢) a computer program which, when executed by data
processor, is configured to real time generate a display image
by at least one of a group consisting of? (i) generating at least
one virtual marker at at least one predetermined position
within at least a portion of said image; (ii) rendered super-
imposing of at least a portion of said image and at least a
portion of a second imaging modality image; wherein said
superposition or said marking in said image is unaffectable
by changes in said display image.

[0026] It is another object of the present invention to
disclose a method for maneuvering an endoscope, compris-
ing steps of: (a) providing a maneuvering system, compris-
ing: (i) at least one endoscope adapted to real-time provide
at least one image of a field of view of the same; (ii) at least
one surgical tool; (iii) at least one maneuvering mechanism
in active communication with a member of a group consist-
ing of said at least one endoscope, said at least one surgical
tool and any combination thereof; said maneuvering mecha-
nism is configured to maneuver in at least two dimensions a
member of a group consisting of said at least one endoscope,
said at least one surgical tool and any combination thereof;
(iv) a computer program which, when executed by a data
processor, is in communication with a member of a group
consisting of said at least one endoscope, said at least one
surgical tool and any combination thereof; said program,
when executed by a data processor is configured to (i)
real-time image process at least one image; (ii) detect
movement of at least a portion of said at least one surgical
tool; (b) real-time providing said at least one image of said
field of view; (c) real-time image processing said at least one
image; (d) real-time detecting movement of said at least a
portion of said at least one surgical tool; thereby, if said
detected movement of said at least one surgical tool is within
a predetermined protocol of input movement, executing at
least one of the following steps: (a) maneuvering said
endoscope by means of said maneuvering mechanism
according to a predetermined protocol of output movement,
(b) maneuvering said surgical tool by means of said maneu-
vering mechanism according to a predetermined protocol of
output movement; (c) activating said at least one surgical
tool; (d) maneuvering a second surgical tool by means of
said maneuvering mechanism according to said at least one
output protocol; (e) activating a second surgical tool accord-
ing to said at least one output protocol; and (f) any combi-
nation thereof.

[0027] It is another object of the present invention to
disclose a method for maneuvering of a surgical tool,
comprising steps of: (a) providing a surgical tool maneu-
vering system, comprising: (i) at least one surgical tool; (ii)
at least one endoscope; (iii) at least one maneuvering
mechanism in active communication with said at least one
surgical tool and said at least one endoscope; said maneu-
vering mechanism is configured to maneuver at least one
selected from a group consisting of said tool, said at least
one endoscope and any combination thereof in at least two
dimensions; (iv) at least one sensor configured to indicate at
least one movement of at least one moving element; said
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sensor indicates movement of said moving element if a
current 3D position or current signal, 3D_,,,,.,.,» 1S substan-
tially different from a previous 3D position or previous
signal of the same, 3D,,,,.,..; (V) either a wired or wireless
communicable database for consecutively storing said
3D prens a0 82id 3D, of each of said moving element;
and (vi) a data processor comprising a computer program in
communication with said at least one surgical tool and said
at least one maneuvering mechanism; said program, when
executed by said data processor is configured to identify if
said movement of said moving element is within a prede-
termined protocol of input movement; (b) indicating said at
least one movement of said at least one moving element by
means of said sensor; (¢) storing said 3D,,,,.,,, and said
3D,,.10.s 0f €ach of said moving element upon indication of
said movement from said sensor; and (d) identifying if said
movement of said moving element is within a predetermined
protocol of input movement thereby, if said detected move-
ment of said moving element is within said predetermined
protocol of input movement movement or said detected
position of said moving element is within a predetermined
protocol of input positions, maneuvering, by means of said
maneuvering mechanism, said member of a group consisting
of at least one surgical tool, said at least one endoscope and
any combination thereof according to a predetermined pro-
tocol of output movement, additionally comprising at least
one of the following steps: (a) maneuvering said endoscope
by means of said maneuvering mechanism according to a
predetermined protocol of output movement; (b) maneuver-
ing said at least one surgical tool by means of said maneu-
vering mechanism according to a predetermined protocol of
output movement; (c) activating said at least one surgical
tool; (d) maneuvering a second surgical tool is maneuvered
by means of said maneuvering mechanism according to said
at least one output protocol; (e) activating a second surgical
tool according to said at least one output protocol and, (f)
any combination thereof.

[0028] 1t is another object of the present invention to
disclose a method for maneuvering an endoscope, compris-
ing steps of® providing a maneuvering system, comprising:
(1) at least one endoscope adapted to real-time provide at
least one image of a field of view; (ii) at least one surgical
tool; (iii) at least one maneuvering mechanism in active
communication with at least one selected from a group
consisting of said at least one endoscope, said at least one
surgical tool and any combination thereof; said maneuvering
mechanism is configured to maneuver at least one selected
from a group consisting of said at least one endoscope, said
at least one surgical tool and any combination thereof; in at
least two dimensions; (iv) a computer program which, when
executed by a data processor, is in communication with a
member of a group consisting of said at least one endoscope,
said at least one surgical tool and any combination thereof;
said program, when executed by a data processor is config-
ured to identify, from said image of said field of view, an
input command; (b) real-time providing said at least one
image of said field of view; (c) real-time identifying said
input command; thereby, if said input command is within a
predetermined protocol of input movement, activating at
least one output protocol.

[0029] It is another object of the present invention to
disclose a method for maneuvering an endoscope, compris-
ing steps of: (a) providing a maneuvering system, compris-
ing (i) at least one surgical tool; (ii) at least one endoscope;
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(iii) at least one maneuvering mechanism in active commu-
nication with said at least one surgical tool and said at least
one endoscope; said maneuvering mechanism is configured
to maneuver said at least one surgical tool in at least two
dimensions; (iv) at least one sensor configured to indicate at
least one of position of at least one moving element,
movement of at least one moving element, and any combi-
nation thereof; (v) said sensor indicates said position of said
moving element from a current 3D position or a current
signal, 3D_,,,,....» and indicates said movement of said mov-
ing element if 3D_, _  is substantially different from a
previous 3D position or a previous signal of the same,
3D, evionss (vi) either a wired or wireless communicable
database for consecutively storing said 3D,,,,.,. and said
3D, ri0us Of €ach of said moving element; and (vii) a data
processor comprising a computer program in communica-
tion with said at least one surgical tool and said at least one
maneuvering mechanism; said program, when executed by
said data processor is configured to identify at least one of
a group consisting of: said movement of said moving
element is within a predetermined input protocol; said
position of said moving element is within a predetermined
input protocol and any combination thereof; (b) indicating
said at least one of position of said at least one moving
element, movement of said at least one moving element and
any combination thereof by means of said sensor; and (c)
identifying if said position of said moving element or said
movement of said moving element is within a predetermined
input protocol; thereby, if said input command is within a
predetermined input protocol, activating at least one output
command.

[0030] It is another object of the present invention to
disclose a method for generating at least one augmented
reality image, comprising steps of: (a) providing a system
for generating at least one augmented reality image, com-
prising: (i) at least one tool; (ii) at least one camera located
in said tool, configured to real-time provide at least one
image of a field of view of said tool; and (iii) a computer
program which, when executed by data processor, is con-
figured to real time generate a display image by a member
of a group consisting of: (a) generating at least one virtual
marker at at least one predetermined position within at least
a portion of said image; (b) rendered superimposing of at
least a portion of said image and at least a portion of a
second imaging modality image and (c¢) any combination
thereof; (b) generating at least one said image of said field
of view; and (c) executing said computer program, thereby
carrying out a step selected from a group consisting of: (a)
generating a virtual marker at at least one predetermined
position within at least a portion of said image, (b) gener-
ating at least one rendered superposition of at least a portion
of said image and at least a portion of a second imaging
modality and (c) any combination thereof wherein said
superposition or said marking in said image is unaffectable
by changes in said display image.

BRIEF DESCRIPTION OF THE DRAWINGS

[0031] In order to understand the invention and to see how
it may be implemented in practice, a plurality of embodi-
ments will now be described, by way of non-limiting
example only, with reference to the accompanying drawings,
in which

[0032] FIG. 1A-D illustrates an embodiment of a collision
avoidance function;

Nov. 15,2018

[0033] FIG. 2A-D illustrates an embodiment of a no-fly
zone function;
[0034] FIG. 3A-Dillustrates an embodiment of a preferred

volume zone function;
[0035] FIG. 4 illustrates an embodiment of an organ
detection function;

[0036] FIG. 5illustrates an embodiment of a tool detection
function;
[0037] FIG. 6A-B illustrates an embodiment of a move-

ment detection function;

[0038] FIG. 7A-D illustrates an embodiment of a predic-
tion function;

[0039] FIG. 8 illustrates an embodiment of a right tool
function;

[0040] FIG. 9A-B illustrates an embodiment of a field of
view function;

[0041] FIG. 10 illustrates an embodiment of a tagged tool
function;

[0042] FIG. 11A-C illustrates an embodiment of a prox-
imity function;

[0043] FIG. 12A-B illustrates an embodiment of an opera-
tor input function;

[0044] FIG. 13A-D illustrates an embodiment of a con-
stant field of view rule;

[0045] FIG. 14 illustrates an embodiment of a change of
speed rule;
[0046] FIGS. 15A-B and 16A-B illustrate embodiments of

tool gesture input movement protocols;

[0047] FIGS.17A-C, 18A-C and 19A-C illustrate embodi-
ments of hand gesture input movement protocols;

[0048] FIG. 20A-C illustrates an embodiment of an eye
gesture input movement protocol;

[0049] FIG. 21A-B illustrates an embodiment of a loca-
tion-based input protocol;

[0050] FIG. 22A-B illustrates an embodiment of tagging;
[0051] FIG. 23A-B illustrates an embodiment of an action;
[0052] FIG. 24A-B illustrates an embodiment of keeping

a tool in the field of view; and
[0053] FIG. 25 illustrates an embodiment of a relationship
between tools.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0054] The following description is provided, alongside
all chapters of the present invention, so as to enable any
person skilled in the art to make use of said invention and
sets forth the best modes contemplated by the inventor of
carrying out this invention. Various modifications, however,
will remain apparent to those skilled in the art, since the
generic principles of the present invention have been defined
specifically to provide a means and method for providing
augmented reality endoscopic image.

[0055] The term ‘camera’ hereinafter refers to an image
acquiring element. Examples of a camera include, but are
not limited to, a CCD array and an electromagnetic system
such as a TV camera.

[0056] The term ‘endoscope distal end’ hereinafter refers
to the end of the endoscope that is inside the patient. The
camera is attached to the other side of the endoscope, outside
of the patient’s abdomen.

[0057] The term ‘field of view’ (FOV) hereinafter refers to
the scene visible to the camera.

[0058] The term °display view’ hereinafter refers to the
scene displayable to an operator.
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[0059] The term ‘structured light” hereinafter refers to a
method of producing 3D images using a single 2D camera.
In the structured light method, the object is illuminated by
a set of rays of light, each ray illuminating a spot on the
object from a known position and a known direction, and
each ray emitted at a known time. For each known time, a
2D camera image is created from light reflected from the
spots created from rays existing at that time. Initially, a
known calibration object is illuminated. From the known
shape. size and position of the calibration object and from
the locations in the camera images of the reflected light,
mathematical matrices can be calculated. These matrices
enable calculation of the 3D location of the surface of an
unknown object, when the unknown object is illuminated by
the same set of rays as illuminated the calibration object.
[0060] The term ‘virtual marker’ hereinafter refers to a
computer-generated mark, label or other identifier attached
to a point or region on the display image. A virtual marker
has no physical existence, unlike a tag, wire, or chemical
such as luminescent paint physically associated with a
portion of the patient.

[0061] The terms ‘tool” and ‘surgical tool’ refer herein to
any object usable in a medical procedure. A surgical tools
can be, but is not limited to, a scalpel, a grasper, a tweezers,
a laparoscope, an endoscope, a trocar, a canula, a swab, a
tube, a saw, a chisel, a pair of scissors, a pair of shears, a
knife, a drill, a rasp, a calipers, a cautery, a curette, a dilator,
a Pinzette, a forceps, a clamp, a hook, a lancet, a luxator, a
catheter, a holder, an elevator, a probe, a retractor, a spreader,
a spatula, a speculum, a needle, a mesh, a spoon, a stapler,
a suture, and a tissue expander.

[0062] The term ‘toggle’ refers hereinafter to switching
between one tagged surgical tool to another.

[0063] The term ‘surgical environment’ refers hereinafter
to any anatomical part within the human body which may be
in surrounding a surgical instrument. The environment may
comprise: organs, body portions, walls of organs, arteries,
veins, nerves, a region of interest, or any other anatomical
part of the human body.

[0064] The term ‘region of interest’” refers hereinafter to
any region within the human body which may be of interest
to the operator of the system of the present invention. The
region of interest may be, for example, an organ to be
operated on, a restricted area to which approach of a surgical
instrument is restricted, a surgical instrument, or any other
region within the human body.

[0065] The term ‘spatial position” refers hereinafter to a
predetermined spatial location and/or orientation of an
object (e.g., the spatial location of the endoscope, the
angular orientation of the endoscope, and any combination
thereof).

[0066] The term ‘prohibited area’ refers hereinafter to a
predetermined area to which a surgical tool (e.g., an endo-
scope) is prohibited to be spatially positioned in.

[0067] The term ‘preferred area’ refers hereinafter to pre-
determined area to which a surgical tool (e.g., an endoscope)
is allowed and/or preferred to be spatially positioned in.
[0068] The term ‘automated assistant’ refers hereinafter to
any mechanical device (including but not limited to a robotic
device) that can maneuver and control the position of a
surgical or endoscopic instrument, and that can in addition
be configured to receive commands from a remote source.
[0069] The term ‘tool’, ‘surgical tool” or ‘surgical instru-
ment’ refers hereinafter to any instrument or device intro-
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ducible into the human body. The term may refer to any
location on the tool. For example it can refer to the tip of the
same, the body of the same and any combination thereof. Tt
should be further pointed that the following description may
refer to a surgical tool/instrument as an endoscope.

[0070] The term ‘provide’ refers hereinafter to any process
(visual, tactile, or auditory) by which an instrument, com-
puter, controller, or any other mechanical or electronic
device can report the results of a calculation or other
operation to a human operator.

[0071] The term ‘automatic’ or ‘automatically’ refers to
any process that proceeds without the necessity of direct
intervention or action on the part of a human being.
[0072] The term ‘allowed movement’ refers hereinafter to
any movement of a surgical tool which is permitted accord-
ing to a predetermined set of rules.

[0073] The term ‘restricted movement’ refers hereinafter
to any movement of a surgical tool which is forbidden
according to a predetermined set of rules. For example, one
rule, according to the present invention, provides a preferred
volume zone rule which defines a favored zone within the
surgical environment. Thus, according to the present inven-
tion an allowed movement of a surgical tool or the endo-
scope 1s a movement which maintains the surgical tool
within the favored zone;, and a restricted movement of a
surgical tool is a movement which extracts (or moves) the
surgical tool outside the favored zone.

[0074] The term ‘time step’ refers hereinafter to the work-
ing time of the system. At each time step, the system
receives data from sensors and commands from operators
and processes the data and commands and executes actions.
The time step size is the elapsed time between time steps.
[0075] The term ‘electroencephalographic pattern’ or
‘brain wave’ refers hereinafter to a pattern of electrical
impulses of a living brain. Electroencephalographic patterns
can be indicative of movement of a portion of the body (the
brain is sending a signal to control movement), of intent to
move a portion of the body (the brain intends to or is is
preparing to send a movement control signal), of an emo-
tional state (worry, fear, pleasure, etc) and any combination
thereof. The body portion to be moved can include a limb or
portion thereof, an eye, the mouth, throat or vocal cords
(speech), the torso or neck, or any other movable portion of
the body.

[0076] Terms in the singular, such as “a tool” or “an
endoscope” can refer to multiple items unless it is clearly
stated that there is only one of an object. For example, a
reference to “a tool” covers any number of tools.

[0077] Laparoscopic surgery, also called minimally inva-
sive surgery (MIS), is a surgical technique in which opera-
tions in the abdomen are performed through small incisions
(usually 0.5-1.5 cm) as compared to larger incisions of
traditional surgical procedures. The key element in laparo-
scopic surgery is the use of an endoscope, which is a device
configured for viewing the scene within the body. Either an
imaging device is placed at the end of the endoscope, or a
rod lens system or fiber optic bundle is used to direct the
image to the proximal end of the endoscope. Also attached
is a light source to illuminate the operative field, inserted
through a 5 mm or 10 mm cannula or trocar to enable
viewing of the operative field.

[0078] The abdomen is usually injected with carbon diox-
ide gas to create a working and viewing space. The abdomen
is essentially blown up like a balloon (insufflated), elevating
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the abdominal wall above the internal organs like a dome.
Within this space, various medical procedures can be carried
out.

[0079] In many cases, other information is available to the
operator, such as images from other imaging modalities,
such as MRI images or CT scan images. In some cases, it can
be desirable to label or tag items in the field of view, such
as, for non-limiting example, tools or organs or regions of
tissue to be removed.

[0080] The device disclosed herein provides a system for
maneuvering an endoscope in at least 2 dimensions, where
the system is configured to determine input commands,
typically of at least one tool in the field of view of an
endoscope or of at least one moving element within range of
a sensor.

[0081] Once an input command is determined, the system
activates a predetermined associated output command. The
association between input command and output command
can be arbitrary (such as, for non-limiting example, shaking
a tool to zoom an endoscope) or can be related (such as, for
non-limiting example, closing a hand to close a grasper).
[0082] Input commands, as described hereinbelow, can
comprise (a) predetermined input movement protocols for
one or more tools or moving elements, (b) predetermined
positions of one or more tools or moving elements, (c)
predetermined actions of one or more tools or moving
elements, (d) predetermined repositioning of one or more
tools or moving elements, and any combination thereof. Any
combination of the above can comprise an input command.

[0083] Predetermined input movement protocols of a tool
or other moving element can include, but are not limited to:
shaking the tool or other moving element, moving a tool or
other moving element in at least a portion of a circle, moving
a tool or other moving element in at least a portion of an
oval, moving a tool or other moving element in at least a
portion of an ellipse, moving a tool or other moving element
in a straight line, moving a tool or other moving element in
a zigrag, rotating a tool or other moving element in a
predetermined manner, translating a tool or other moving
element in a predetermined manner, and any combination
thereof.

[0084] Predetermined input positions of a tool or other
moving element can include but are not limited to position-
ing the tool or other moving element at a predetermined
location within a field of view, orienting the tool or other
moving element at a predetermined angle within a field of
view, and any combination thereof.

[0085] The predetermined location in the field of view can
be an edge of the field of view or a predetermined region
within the field of view.

[0086] Predetermined actions of a tool can include, but are
not limited to operating a tool, activating a tool, articulating
a tool, articulating an endoscope, zooming an endoscope,
and any combination thereof.

[0087] Repositioning a tool typically refers to moving a
tool from one position or orientation to at least one second
position or orientation, where there is a predetermined
difference between the first position and/or orientation and
the second position and/or orientation. For non-limiting
example, repositioning a cautery from the edge of a field of
view to the center of the field of view can be associated with
a command to turn the cautery on; to turn it off, reposition
it from the center of the field of view to the edge.

Nov. 15,2018

[0088] Output movement commands can include, but are
not limited to, a predetermined output movement protocol
for at least one tool or at least one endoscope, (b) a
predetermined position of at least one tool or at least one
endoscope, (¢) a predetermined action of of at least one tool
or at least one endoscope, (d) a predetermined repositioning
of of at least one tool or at least one endoscope, and any
combination thereof.

[0089] Predetermined output movement protocols for at
least one surgical tool or endoscope can include: tracking at
least one surgical tool, repositioning at least one surgical
tool, repositioning at least one endoscope, zooming at least
one endoscope, moving at least one surgical tool in at least
a portion of a circle, moving at least one surgical tool in at
least a portion of an oval, moving at least one surgical tool
in at least a portion of an ellipse, moving at least one surgical
tool in a straight line, moving at least one surgical tool in a
zigzag, rotating at least one surgical tool in a predetermined
manner, translating at least one surgical tool in a predeter-
mined manner, tracking at least one endoscope, reposition-
ing at least one endoscope, repositioning at least one endo-
scope, zooming at least one endoscope, moving at least one
endoscope in at least a portion of a circle, moving at least
one endoscope in at least a portion of an oval, moving at
least one endoscope in at least a portion of an ellipse,
moving at least one endoscope in a straight line, moving at
least one endoscope in a zigrag, rotating at least one
endoscope in a predetermined manner, translating at least
one endoscope in a predetermined manner, and any combi-
nation thereof.

[0090] Output actions include, but are not limited to:
tagging at least one surgical tool, tagging at least one object
in a field of view, activating at least one surgical tool,
deactivating at least one surgical tool, articulating at least
one surgical tool, tagging at least one endoscope, activating
at least one endoscope, deactivating at least one endoscope,
articulating at least one endoscope, zooming at least one
endoscope, and any combination thereof.

[0091] Activation of a tool can include, but is not limited
to: opening a tool, closing a tool, causing a tool to function
(non-limiting examples include heating a cautery or ablator,
starting a drill rotating, and starting flow of fluid via a tube
or canula), and stopping a tool from functioning.

[0092] Insome embodiments, the endoscope is configured
to provide, in real time, at least one image of'its field of view.
In such embodiments, the at least one image is analyzed in
real time to detect movement of at least one surgical tool or
endoscope in the field of view, thereby detecting movement
protocols and identifying input commands.

[0093] Other non-limiting examples of means of detecting
movement protocols in order to identify input commands
can be: detecting movement protocols via at least one sensor
in range of at least a portion of at least one tool; detecting
movement protocols via movement commands for a maneu-
vering system; detecting movement protocols via a at least
one sensor in range of at least a portion of a maneuvering
system; identifying movement protocols via a at least one
sensor in range of a body part, via sound, via a sensor
configured to detect at least one brain signal such as an
encephalographic pattern, via a sensor configured to detect
at least one muscular signal, such as an electric or magnetic
signal associated with muscular movement, via contact with
a prepared surface and any combination thereof.
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[0094] A non-limiting example of an input movement
protocol is shaking of a tool tip, and a non-limiting example
of an associated output movement protocol is tracking a tool,
either the shaken tool or another tool, where “tracking”
refers to maneuvering an endoscope so as to retain the tip of
the tool in the center of the field of view of the endoscope.
Other input and output protocols will be discussed below
[0095] In some embodiments, the system can maneuver
the endoscope in two dimensions; in others, it can maneuver
the endoscope in at least 3 dimensions. The dimensions of
maneuvering can involve a combination of linear and rota-
tional movement, including zooming. Maneuvering can
include both physical maneuvering and virtual maneuvering.
Virtual maneuvering occurs when at least one aspect of the
image is altered under processor control, rather than by
physically moving the endoscope. For example, instead of
moving an endoscope closer to an object at the center of the
field of view, the processor can execute a virtual zoom,
where the processor manipulates a portion of the image so
that the display comprises a magnified image of the center
of the field of view.

[0096] The moving element can be at least a portion of at
surgical tool, movement of the distal end of a surgical tool,
movement of at least a portion of the body of at least one
operator, intended movement of at least a portion of the body
of at least one operator, a brain signal from at least one
operator, a sound signal and any combination thereof.
[0097] Input movement protocols can comprise movement
of an object such as a portion of a body of an operator.
Non-limiting examples of input movement protocols and
exemplary associated output commands include: opening or
closing a hand or fingers to command opening or closing a
grasper, a pair of scissors or any other openable tool,
bending a hand or finger to command a change in the
articulation of an endoscope or other articulating tool; and
making a first to command that at least a portion of a tool be
fixed in a predetermined position, such as its present posi-
tion. Many other input movement protocols comprising
movement of a portion of the body will be obvious.
[0098] Non-limiting examples of brain signals include a
brain signal indicative of an order to move a portion of the
body (e.g.. “open the hand”), a brain signal indicative of
intention to move a portion of the body (e.g., “the next step
will be opening the hand in order to release the grasper from
the tissue™), a brain signal indicative of a future development
(e.g., “stop that tool!”; “zoom the endoscope outward”).
[0099] A moving element has moved if its current 3D
position, 3D, ... is substantially different from a previous
3D position, 3D,,,..,,,.; at least one such movement deter-
mines a movement protocol. A computer program (as
executed by a processor) can identify at least one input
movement protocol and, either alone or in conjunction with
a member of a group consisting of: an input position, an
input reposition an input action and any combination
thereof, can determine an input command and its associated
output command and can, based on the output command,
instruct the maneuvering system to execute the desired
output movement protocol.

[0100] Input movement protocols are typically arbitrary,
predefined movements, although they need not be. A non-
limiting example of an arbitrary input movement protocol is
a clockwise circle of a tool tip to identify an input command
for an inward zoom; the associated output movement pro-
tocol can comprise zooming the endoscope to increase
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magnification in a portion of the field of view. A non-
limiting example of a non-arbitrary movement protocol is
movement that would bring a tool tip into dangerously close
proximity to an organ; the output movement protocol can
comprise reducing the speed at which the tool tip moves,
stopping movement of the tool tip, changing the direction of
movement of the tool tip and any combination thereof.
[0101] Other input movement protocols include, but are
not limited to, introducing a tool to the surgical environment,
removing a tool from the surgical environment, and any
combination thereof.

[0102] A non-limiting example of closing a tool is closing
a grasper to retain a swab in position; an input protocol can
be opening of the hand; the output protocol can be opening
the grasper and releasing the swab from the grasper. In
another example, an input movement protocol of separating
the hands indicates that an operator is going to work deeper
in the tissue with the resulting output movement protocol of
moving retractors to further open an incision. Similarly, an
input movement protocol of bringing the hands together can
induce an output movement protocol of relaxing retractors
so as to allow an incision to at least partially close.

[0103] Inanother non-limiting example, the input protocol
comprises the input action of activation of a tool (such as,
but not limited to, closing a grasper) with an associated
output protocol of zooming the endoscope so that the image
of tissue in the neighborhood of the grasper is magnified. A
related input protocol can be opening of the grasper, with an
associated output protocol of zooming outward to give an
overview of the region.

[0104] A non-limiting example of an input command
comprising a position in a field of view or in a display image
is an input command to keep the tip of a tracked tool within
a field of view. The output command would comprise a
“grey area” extending from the edge of the field of view to
a predetermined distance from the field of view. Entry of the
tool tip into the grey area activates an output protocol
whereby the endoscope is maneuvered to keep the tracked
tool tip within the field of view. In some variants, the output
protocol comprises maneuvering the endoscope to put the
tracked tool tip in the center of the field of view, in other
variants, the output protocol comprises maneuvering the
endoscope to place the tracked tool tip slightly more than the
predetermined distance from the edge, in yet other variants,
the output protocol comprises maneuvering the endoscope
so as to keep the tracked tool tip in the grey area. In yet other
embodiments, the zoom of the endoscope is altered until the
tracked tool is outside the grey area. Other variants combine
one or more of the above.

[0105] Another non-limiting example of an input com-
mand comprising a position on a display is a display where
placing a tool in a predetermined region of the display
activates or deactivates a predetermined output protocol. For
instance, moving a tool tip into a region which is at the
bottom of the display and just to the left of the center results
in an output protocol of zooming inward (magnifying a
portion of the image). Moving the tool tip into a region
which is at the bottom of the display and just to the right of
the center results in an output protocol of zooming outward
(demagnifying the image). Regions can include, but are not
limited to, a zooming region, a tool tagging region, a region
for activating a tagged tool, a region for deactivating a
tagged tool, a region rotating the image, a region for moving
the center of the field of view, a region for saving or storing
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an image, a region of augmenting an image, a region
comprising an image to be used for an augmentation, a
region for moving a tagged tool, and any combination
thereof.

[0106] Insome embodiments, a predetermined input com-
mand can result in an output protocol in which an object is
tagged, where the tagged object is identified during the input
protocol. For non-limiting example assume an input proto-
col comprising shaking a tool. The output protocol can
comprise: (a) identifying the shaken tool as the tagged
object, (b) transferring the tagging to a next tool, (c) a first
shake transfers tagging to a next tool, with a subsequent
shake transferring the tagging to a next-but-one tool, and so
on; (d) tagging an object, where the identity of the object
determined by a portion of the tool (such as the tip of the
tool) being, in a display image, over the object; (e) tagging
an object by placing a portion of the tool over a predeter-
mined location on a display such as, for non-limiting
example, tagging a liver by placing the tip of the shaken tool
over an icon of a liver at the edge of the display. Other
variants will be obvious to one skilled in the art.

[0107] In another embodiment of an input protocol result-
ing in an output protocol in which an object is tagged. the
input protocol can comprise a pointing finger, associated
with an output protocol of tagging the object pointed to in a
display image. For non-limiting example, an operator points
to the liver in a display. The liver is then tagged, and the
endoscope moves so that the liver is centered in the field of
view and in the display image. In some variants, the endo-
scope will zoom so that the liver is entirely within the field
of view, with the edges of the liver at or close to the edges
of the field of view.

[0108] A non-limiting example of an input command
comprising more than one input movement protocol is
exemplified by an input command to activate closing a
grasper. The input command comprises two input movement
protocols—a first input movement protocols of pointing a
finger and a second input movement protocol of closing a
hand. The associated output command will comprise an
output action of tagging the grasper and a second output
action of closing the grasper.

[0109] A protocol, either an input protocol or an output
protocol, can comprise a predetermined interaction between
at least two articles, where an interaction involves a rela-
tionship between the articles. An article can be selected from
a group consisting of at least a portion of a tool, at least a
portion of an endoscope, at least a portion of a body, at least
a portion of an organ, at least a portion of a tissue, at least
a portion of an object and any combination thereof, where
tissue refers to a structure in the body including, but not
limited to, a membrane, a ligament, fat, mesentery, a blood
vessel, a nerve, bone, cartilage, a tumor, a cyst and any
combination thereof and an object can include a swab, suture
thread, a towel, a sponge, a knife blade, a scalpel blade, a
pin, a safety pin, a tip, tube, an adapter, a guide such as a
cutting guide, a measurement device and any combination
thereof.

[0110] An interaction involves a relationship between at
least two articles, such as a predetermined distance between
the articles, a predetermined angle between the articles, at
least one article in a predetermined orientation with respect
to at least one other article, a predetermined difference in
speed between at least two articles, a predetermined differ-
ence in velocity and any combination thereof. Two articles
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are travelling at different speeds if the total distance one
travels in a time interval At is different from the total
distance the other travels in the time interval At. Two articles
are travelling at different velocities if at least one of the
following is true: they are traveling at different speeds, or
they are traveling in different directions.

[0111] Examples of interactions include, but are not lim-
ited to:
[0112] Holding two hands at a fixed angle with relation

to each other.

[0113] Tracking, which typically involves keeping a
constant distance between an endoscope and at least
one tool.

[0114] A suction tube can be kept a constant distance
from an ablator, with the longitudinal axis of the tube
at a fixed angle relative to the longitudinal axis of the
ablator.

[0115] A grasper can be closed or kept closed if the
distance between at least a portion of the grasper and
tissue is smaller than a predetermined distance; simi-
larly, a grasper can be opened if the distance between
at least a portion of the grasper and the tissue is greater
than a predetermined distance.

[0116] If two retractors are closer to tissue than a
predetermined amount and closer to each other than a
different predetermined amount, maintaining the
retractors a fixed distance apart, with the flats of their
blades parallel to each other. Optionally, the retractors
can be maintained a fixed distance from the tissue. This
interaction can be used, for example, to keep an inci-
sion in an organ open with minimum stress on the
tissue, even if the organ is moved.

[0117] A fluid delivery tube and a suction tube can be
kept fixed distances (which need not be the same) from
a cautery, with a fixed angle between the tip of the fluid
delivery tube, the tip of the cautery and the tip of the
suction tube. In addition, the longitudinal axes of the
tubes can be at fixed angles (which need not be the
same) relative to the longitudinal axis of the cautery

[0118] The speed with which a tool moves toward an
organ can be kept below a maximum.

[0119] Many more examples will be obvious to one skilled
in the art.
[0120] In some embodiments, the system provides an

override facility, such that such that an output movement
command can be overridden. The ovetride can be vocal, a
predetermined movement, a predetermined future move-
ment or a thought indicating at least one predefined future
development. The movement or future movement can be
movement of a tool, a hand, an eye, an arm, a finger, a chest,
a neck, a head, a mouth, a tongue, vocal cords, a leg, a toe,
a foot or any combination thereof. An actual movement can
be detected by any movement detection means, as described
herein. A future movement can be detected by means of
muscular electric or magnetic patterns, or from measurable
brain signals. An example of an electrical measurement of
brain signals is an electroencephalographic pattern. Simi-
larly, an override thought can be detected by means of brain
signals.

[0121] In some embodiments, the system can identify at
least one unwanted movement protocol for at least one
moving element. Non-limiting examples of unwanted move-
ment protocols include: involuntary movement of a body
part, saccadic movement of an eye, vestibulo-ocular move-
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ment of an eye, winking an eye, blinking an eye, tremor of
a body part, a tic in a body part, myoclonus of a body part,
dystonia, and any combination thereof.

[0122] In such embodiments, the preferred response is for
the system to ignore the unwanted movement, so that the
actual output movement is unaffected by and substantially
independent of the unwanted movement. For non-limiting
example, in a system where the movement of an endoscope
is proportional to movement of an eye, the jerkiness of the
actual eye movement, imparted both by saccadic movement
and vestibule-ocular movement, will be “programmed out”
so that the movement of the endoscope is smooth. Similarly,
if eye movement is controlling movement of an endoscope
to the right, a quick glance upward will be “programmed
out”; the endoscope will not diverge from the direct path to
the right.

[0123] In another non-limiting example, movement of two
retractors is controlled by movement of two arms. During a
retraction to further open an incision, the operator suffers a
muscular twitch that jerks an arm upward. The jerk is
ignored so that the retractors move apart smoothly.

[0124] In some embodiments, control of the tools and of
maneuvering of the laparoscope does not require physical
contact between the operator and either the tools or the
laparoscope. In such embodiments, the system of the present
invention can be used with the operator and the operating
team in the same room as the patient during the operation,
or the system of the present invention can be used for remote
surgery, with the operator controlling the laparoscope and
the tools from a location remote from the patient. For
example, controlling maneuvering of the laparoscope image
does not require use of a joystick or other object which
requires the operator or other user, during the operation, to
place his hand in contact with the device and, by those
movements, control maneuvering of the laparoscope dis-
play.

[0125] In preferred embodiments, input movement com-
mands and movement protocols and output movement com-
mands and movement protocols are stored in a database in
either wired or wireless communication with a processor and
the maneuvering system.

[0126] In some embodiments of the system, the system is
programmed such that it can add new input movement
commands and their associated output movement com-
mands and store the new input and output movement com-
mands in a database. In some embodiments, at least one of
new input protocols and new output protocols can be added
to at least one database.

[0127] Insome variants of these embodiments, a database
further comprises at least one set of commands linkable to
an operator so that, after entering an identifier, the operator
can, in some embodiments, customize at least one input
command by enterering into the database the member of the
group consisting of an input movement protocol, an input
action, an input position and an input reposition and any
combination thereof comprising the customized input com-
mand. The customized input command can be associated
with an output command.

[0128] In some variants of these embodiments, the opera-
tor can also customize output commands by entering into a
database the member of the group consisting of an output
movement protocol, an output action, an output position and
an output reposition and any combination thereof compris-
ing the customized output command. For non-limiting
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example, an operator can select a movement protocol of a
spiral movement away from himself as the input movement
command to start a flow of fluid to clean an endoscope’s
optics. In this example, the operator can select a spiral
movement towards himself for the command to stop the flow
of fluid.

[0129] It should be noted that maneuvering of the laparo-
scope display can be accomplished by physical maneuvering
(physically moving some portion of the laparoscope or the
imaging optics), by virtual maneuvering (changing the
viewed image by means of computer algorithms that alter
the portion of the field of view which is displayed), or by
some combination thereof.

[0130] Another possible use for the system of the present
invention is for study or training. By use of a plurality of
display screens, a number of students can observe the
operation in real time; the students can be in locations
remote from both the patient and the operator. The display
view can be marked to assist the students in understanding
what is present in the display view. Marking can be done by
persons other than the operator; if desired, in some embodi-
ments, the operator need not be aware of marks applied to
the display view for study or teaching purposes.

[0131] In some embodiments, a system and method is
provided for providing augmented reality images of a field
of view, where the augmentation can be images provided by
another imaging modality, stored images or other stored
data, information entered by a user, and any combination
thereof.

[0132] The field of view can be the field of view of an
endoscope or laparoscope, or the field of view of a surgical
tool.

[0133] In some embodiments, control of maneuvering is
via a body-mounted user interface which comprises at least
one sensor, the sensor configured to sense at least one
parameter associated with body motion, with the body
motion directing maneuvering of a displayed image, of the
endoscope, of a tool, and any combination thereof.

[0134] The sensor or sensors can be placed in conjunction
with a body portion of an operator, or can be placed so that
a body portion of the operator is within range of the sensor.
[0135] A sensor can be, for non-limiting example, an
ultrasound sensor, an IR sensor, a heat sensor, a pressure
sensor, a current sensor, an accelerometer, a tilt sensor, a
movement sensor, a gyroscope, an inertial sensor, a goni-
ometer, a magnetometer, a strain sensor, an electroencepha-
lographic sensor, an electrical sensor, a magnetic sensor, a
position sensor configured to determine position of said at
least one portion of said human body; a speed sensor
configured to determine velocity of said at least one portion
of said human body; an accelerometer configured to deter-
mine acceleration of said at least one portion of said human
body; a camera and image detection software configured to
determine at least one of position, velocity and acceleration
of said at least one portion of said human body; an RF sensor
and RF emitter coupleable to said at least one portion of said
human body configured to determine at least one of position,
velocity and acceleration of said at least one portion of said
human body; a sound sensor and sound emitter coupleable
to said at least one portion of said human body configured
to determine at least one of position, velocity and accelera-
tion of said at least one portion of said human body; an
electroencephalographic sensor configured to determine,
from at least one electroencephalographic pattern, at least
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one parameter associated with at least one of position,
velocity and acceleration of said at least one portion of said
human body, a sensor configured to determine, from at least
one electrical pattern in at least one muscle, at least one
parameter associated with at least one of position, velocity
and acceleration of said at least one portion of said human
body and any combination thereof.

[0136] The sensors are preferably MEMS devices.
[0137] The sensors are preferably in wireless communi-
cation with the data processor controlling maneuvering of
the display view.

[0138] As a non-limiting example of an embodiment,
accelerometers can be comprised in a band encircling the
operator’s lower arm, thereby sensing movement of arm.
[0139] In some embodiments, the sensor or sensors can
comprise viewing means, such as, but not limited to a
camera, an IR sensor, an ultrasound sensor, a sound sensor,
an RF sensor, a heat sensor, an electrical sensor, a magnetic
sensor, and any combination thereof. In such sensors, the
viewing means senses either movement of the body portion
or patterns associated with movement of the body portion.
The detectable movement can include speech, which can be
detected by a sound sensor.

[0140] Other possible sensors include, but are not limited
to: a position sensor configured to determine position of said
at least one portion of said human body; a speed sensor
configured to determine velocity of said at least one portion
of said human body; an accelerometer configured to deter-
mine acceleration of said at least one portion of said human
body; a camera and image detection software configured to
determine at least one of position, velocity and acceleration
of said at least one portion of said human body; an RF sensor
and RF emitter coupleable to said at least one portion of said
human body configured to determine at least one of position,
velocity and acceleration of said at least one portion of said
human body; a sound sensor and sound emitter coupleable
to said at least one portion of said human body configured
to determine at least one of position, velocity and accelera-
tion of said at least one portion of said human body; an
electroencephalographic sensor configured to determine,
from at least one electroencephalographic pattern, at least
one parameter associated with at least one of position,
velocity and acceleration of said at least one portion of said
human body, a sensor configured to determine, from at least
one electrical pattern in at least one muscle, at least one
parameter associated with at least one of position, velocity
and acceleration of said at least one portion of said human
body and any combination thereof.

[0141] Non-limiting examples of body portions whose
activity can be sensed by a sensor include at least a portion
of any of the following: a finger, a hand, a wrist, a forearm,
an elbow, a shoulder, an arm, a toe, a foot, a leg, a neck, a
chest, an abdomen, a torso or trunk, a head, an eye, the
mouth, the brain, and a face. The sensors can comprise a
portion of a glove, a band, a harness or a mask or be mounted
on or in a glove, a band, a harness or a mask.

[0142] A glove can be fingerless, or can have one or more
fingers. It can be hand-length, wrist-length, elbow length,
can extend partway up the arm, or can extend all the way up
the arm. It can have any combination of length and number
of fingers. One or two gloves can be worn; they can
comprise any combination of the above features.

[0143] Non-limiting examples of bands include elastic
bands and non-elastic bands; bands are preferably flexible in
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order to conform to the surface of the body portion, but
portions of the band can be rigid. The band can be continu-
ous or can comprise at least one break. Bands can comprise
ties, buckles, or any other closure means or size-adjustment
means known in the art. They can be fixed-length or
variable-length. The band can be of any desired width, up to
one that covers the entire arm and even part of the hand.
There can therefore be overlap between what is considered
a “glove” and what is considered an “arm-covering band”.
[0144] Bands can comprise armbands, hand bands, face
bands and chest bands. Chest-movement sensors can be
comprised in a harness, which can be elastic or non-elastic
and which can stretch to fit over the head without need for
additional closures, can comprise one or more closures, can
comprise one or more length-adjustment mechanisms, and
any combination thereof. Closures and length-adjustment
mechanisms can be ties, buckles, any other closure mecha-
nism known in the art and any combination thereof.
[0145] In some embodiments, the intended movement can
be detected encephalographically, via at least one sensor,
preferably on the head, configured to determine, from at
least one electroencephalographic pattern, at least one
parameter associated with at least one of position, velocity
and acceleration of at least one portion of a human body. The
intended movement can include speech; in this case, the
electroencephalographic pattern can be a pattern indicating
activity of the brain speech centers.

[0146] In some embodiments, the detectable electroen-
cephalographic pattern can include a pattern indicative of
alarm or fright. Such a pattern can be used, for non-limiting
example, as an override signal.

[0147] In some embodiments, at least one electric or
magnetic sensor detects electrical and/or magnetic patterns
associated with movement of at least one muscle. From
these electrical and/or magnetic patterns, the intended move-
ment of the muscle and, therefore, the intended movement of
the body portion can be determined and translated into an
intended input movement protocol of the surgical tool. The
sensor can be remote from the body portion intended to be
moved; for example, electrical patterns measured for one or
more chest muscles can be used to determine intended
movement of an arm and, thence, the desired movement of
a surgical tool.

[0148] Any combination of the above sensors can be used
to maneuver a surgical tool. The tool maneuver can be a
maneuver generated by the system in response to a detected
movement protocol, a maneuver directly commanded by a
user and any combination thereof.

[0149] There can be one viewing means per tool, one
viewing means can view a plurality of tools, a plurality of
viewing means can view one tool, one viewing means can
view a plurality of tools, a plurality of viewing means can
view a plurality of tools, and any combination thereof.
[0150] For non-limiting example, to move the center of
the display view towards the right of the display, the
operator gestures rightward. An upward gestures zooms the
display view outward, shrinking objects in view; a gesture
away from the body moves the center of the display view
towards the top of the display, and any combination thereof.
Other gestures can control returning to a previous view or
selecting an object, such as a tool, to be tracked, where
following an object means keeping the selected object at the
center of the field of view and, if possible, keeping constant
its apparent size in the display view.
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[0151] In another non-limiting example of an embodied
gesture, shaking a tool tip selects the tool as the object to be
tracked. This informs the system that the shaken tool is to be
tracked; it is to be kept in the center of the field of view. A
second shake of the tool tip stops tracking. Shaking another
tool transfers tracking to the shaken tool.

[0152] Another non-limiting example of an embodied
gesture is opening and closing the hand to open and close a
grasper or bringing the thumb towards a finger to close a
grasper and separating the thumb and a finger to open a
grasper.

[0153] The gesture embodiments described hereinabove
can be used in any combination.

[0154] Gestures can be combined with, for example, use
of a touchscreen or prepared surface. In such embodiments,
the operator can touch the image on a screen or other
prepared surface to select an object, then execute a gesture
to indicate what the object is to do. For non-limiting
example, in such an embodiment, in order to retract tissue
seen near the top of the screen with a grasper seen near the
right side of the screen, the operator touches the image of the
grasper to select the grasper and gestures leftward and away
from himself. When the tip of the grasper is above the tissue
to be retracted, the operator gestures downward and opens
his hand, thereby opening the grasper and moving its tip
down towards the tissue. When one grasper jaw is above the
tissue and one below, a gesture away from himself moves
the grasper jaws around the tissue and closure of the hand
closes the grasper, grasping the tissue. Another gesture then
retracts the tissue. The operator can then touch the image of
the grasper again, to stop tracking of the grasper, which fixes
the grasper in position.

[0155] 1In a variant of this embodiment, when the grasper
is in position, instead of closing his hand, the operator
touches a predetermined position on the touchscreen and the
grasper closes. The operator can then move a hand, as
described above, to reposition the grasper.

[0156] Other embodiments of gestures of tool movement
and of means of identifving tools will be obvious to one
skilled in the art.

[0157] Insome embodiments, for at least one input move-
ment protocol, the output movement protocol is such that the
movement of the tool is proportional to the movement of the
body portion, with larger movements of the body portion
resulting in proportionally larger movements of the tool. The
magnitude of the constant of proportionality can differ for
different input movement protocols, The constant of propor-
tionality can be much less than 1, so that relatively large
movements of the body portion result in small movements of
the tool. The constant of proportionality can be 1, so that the
magnitude of the output movement is substantially identical
to the magnitude of the movement of the body portion. The
constant of proportionality can be greater than 1, so that the
magnitude of the output movement is greater than the
magnitude of the movement of the body portion.

[0158] It is also possible for the magnitude of an output
movement to be independent of the magnitude of the move-
ment of the body portion. For non-limiting example, if a
movement of a body portion is associated with a command
to activate a tool, then the size of the movement is irrelevant;
a tool is either active or it is not.
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[0159] In some embodiments, for at least one input move-
ment protocol, the output movement protocol is such that the
movement of the tool is substantially identical to the move-
ment of the body portion.

[0160] Insome embodiments, for at least one input move-
ment protocol, the output movement protocol is a fixed
movement of a tool. For example, an opening movement of
the hand, whether large or small, causes a grasper to open
fully.

[0161] Any combination of proportional movement, iden-
tical movement, and fixed movement can be used for the
output protocols.

[0162] The movement of an endoscope or other surgical
tool can be parallel to the X axis; parallel to the Y axis;
parallel to the Z-axis; rotation around an axis parallel to the
X axis; rotation around an axis parallel to the Y axis; rotation
around an axis parallel to the 7 axis; and any combination
thereof.

[0163] In embodiments of the system wherein movement
of a surgical tool is controlled by movement of a body
portion, whether sensed as movement of the body portion or
sensed as movement of a surgical tool, movement of the
surgical tool need not be in the same direction as the
movement of the body portion. For example, a movement
left can translate into movement upward of the surgical tool,
rather than moving the body portion upward to move the
surgical tool upward. The direction of movement of the
surgical tool can be any of: movement of the body portion
in a direction parallel to the X axis translates to movement
of the surgical tool in a direction parallel to the X axis,
movement of the body portion in a direction parallel to the
X axis translates to movement of the surgical tool in a
direction parallel to the Y axis, movement of the body
portion in a direction parallel to the X axis translates to
movement of the surgical tool in a direction parallel to the
7, axis, movement of the body portion in a direction parallel
to the Y axis translates to movement of the surgical tool in
a direction parallel to the X axis, movement of the body
portion in a direction parallel to the Y axis translates to
movement of the surgical tool in a direction parallel to the
Y axis, movement of the body portion in a direction parallel
to the Y axis translates to movement of the surgical tool in
a direction parallel to the Z axis, movement of the body
portion in a direction parallel to the 7 axis translates to
movement of the surgical tool in a direction parallel to the
X axis, movement of the body portion in a direction parallel
to the Z axis translates to movement of the surgical tool in
a direction parallel to the Y axis, movement of the body
portion in a direction parallel to the Z axis translates to
movement of the surgical tool in a direction parallel to the
7, axis, rotation of the body portion about an axis parallel to
the X axis translates to rotation of the surgical tool about an
axis parallel to the X axis, rotation of the body portion about
an axis parallel to the X axis translates to rotation of the
surgical tool about an axis parallel to the Y axis, rotation of
the body portion about an axis parallel to the X axis
translates to rotation of the surgical tool about an axis
parallel to the 7 axis, rotation of the body portion about an
axis parallel to the Y axis translates to rotation of the surgical
tool about an axis parallel to the X axis, rotation of the body
portion about an axis parallel to the Y axis translates to
rotation of the surgical tool about an axis parallel to the Y
axis, rotation of the body portion about an axis parallel to the
Y axis translates to rotation of the surgical tool about an axis
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parallel to the Z axis, rotation of the body portion about an
axis parallel to the 7 axis translates to rotation of the surgical
tool about an axis parallel to the X axis, rotation of the body
portion about an axis parallel to the Z axis translates to
rotation of the surgical tool about an axis parallel to the Y
axis, rotation of the body portion about an axis parallel to the
7 axis translates to rotation of the surgical tool about an axis
parallel to the Z axis, and any combination thereof.

[0164] In some embodiments, linear movement of the
body portion, whether sensed as movement of the body
portion or sensed as movement of a surgical tool, is trans-
lated to rotational movements of the endoscope or other
surgical tool. For example: movement of the body portion in
a direction parallel to the X axis translates to rotation of the
surgical tool about an axis parallel to the X axis, movement
of the body portion in a direction parallel to the X axis
translates to rotation of the surgical tool about an axis
parallel to the Y axis, movement of the body portion in a
direction parallel to the X axis translates to rotation of the
surgical tool about an axis parallel to the 7 axis, movement
of the body portion in a direction parallel to the Y axis
translates to rotation of the surgical tool about an axis
parallel to the X axis, movement of the body portion in a
direction parallel to the Y axis translates to rotation of the
surgical tool about an axis parallel to the Y axis, movement
of the body portion in a direction parallel to the Y axis
translates to rotation of the surgical tool about an axis
parallel to the 7 axis, movement of the body portion in a
direction parallel to the 7 axis translates to rotation of the
surgical tool about an axis parallel to the X axis, movement
of the body portion in a direction parallel to the Z axis
translates to rotation of the surgical tool about an axis
parallel to the Y axis, movement of the body portion in a
direction parallel to the 7 axis translates to rotation of the
surgical tool about an axis parallel to the Z axis and any
combination thereof.

[0165] In some embodiments, rotational movement of the
body portion, whether sensed as movement of the body
portion or sensed as movement of a surgical tool, is trans-
lated to linear movements of the surgical tool. For example:
rotation of the body portion about an axis parallel to the X
axis translates to movement of the surgical tool in a direction
parallel to the X axis, rotation of the body portion about an
axis parallel to the X axis translates to movement of the
surgical tool in a direction parallel to the Y axis, rotation of
the body portion about an axis parallel to the X axis
translates to movement of the surgical tool in a direction
parallel to the 7 axis, rotation of the body portion about an
axis parallel to the Z axis translates to movement of the
surgical tool in a direction parallel to the X axis, rotation of
the body portion about an axis parallel to the 7 axis
translates to movement of the surgical tool in a direction
parallel to the Y axis, rotation of the body portion about an
axis parallel to the Z axis translates to movement of the
surgical tool in a direction parallel to the Z axis and any
combination thereof.

[0166] Any combination of the above translations can be
used in an embodiment.

[0167] In some embodiments, a predetermined output
protocol is configured to determine allowed and restricted
movements of the endoscope from historical movements of
the endoscope according with historical movement patterns
of at least one surgical tool in at least one previous surgery.
Thus, according to these embodiments, the predetermined
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protocol comprises a communicable database storing each
3D spatial position of the endoscope according with at least
two 3D spatial positions, the current 3D spatial position,

3D, e and at least one previous 3D spatial position,
3D,,c1i0uss Of at least one surgical tool, such that each

movement pattern of the at least one surgical tool and each
3D position of the endoscope according with the same is
stored; the predetermined protocol is configured to deter-
mine allowed and restricted movements of the endoscope
from the stored movement patterns of the at least one
surgical tool and the stored movements of the endoscope,
such that the allowed movements of the endoscope are
movements in which the endoscope is located substantially
in at least one of the endoscope 3D spatial positions accord-
ing with at least one 3D tool movement pattern, and the
restricted movements are movements in which the location
of the endoscope is substantially different from the n 3D
endoscope spatial positions according with the n movement
patterns.

[0168] The system further comprises a predetermined set
of rules to control movement of the surgical tool. As
described hereinbelow, the rules, among other functions,
ensure that a surgical tool can be moved without undesired
contact with another surgical tool or with a portion of the
body. The predetermined set of rules is configured to take
into consideration all the possible factors which may be
important during the surgical procedure. The predetermined
set of rules can comprise any combination of the following
rules:

[0169] a. a route rule;
[0170] b. an environment rule;
[0171] c. an operator input rule;
[0172] d. a proximity rule;
[0173] e. a collision prevention rule;
[0174] f. a history based rule;
[0175] g.atool-dependent allowed and restricted move-
ments rule.
[0176] h. a most used tool rule;
[0177] 1. a right tool rule;
[0178] j. aleft tool rule;
[0179] k. a field of view rule;
[0180] 1. a no fly zone rule;
[0181] m. an operator input rule;
[0182] n. a preferred volume zone rule;
[0183] o. a preferred tool rule;
[0184] p. a movement detection rule,
[0185] Thus, for example, the collision prevention rule

defines a minimum distance below which two or more tools
should not be brought together (i.e., there is minimum
distance between two or more tools that should be main-
tained). If the movement of one tool will cause it to come
dangerously close to another tool (i.e., the distance between
them, after the movement, is smaller than the minimum
distance defined by the collision prevention rule), the con-
troller either alerts the user that the movement is a restricted
movement or does not permit the movement.

[0186] It should be emphasized that all of the above (and
the following disclosure) is enabled by constantly monitor-
ing the surgical environment, and identifying and locating
the 3D spatial location of each element/tool in the surgical
environment.

[0187] The identification is provided by conventional
means known to any skilled in the art (e.g., image process-
ing, optical means etc.).
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[0188] The following provides explanations for each of
the above mentioned rules and their functions:

[0189] According to some embodiments, the route rule
comprises a predefined route in which the at least one
surgical tool is configured to move within the surgical
environment; the allowed movements are movements in
which the at least one surgical tool is located within the
borders of the predefined route, and the restricted move-
ments are movements in which the at least one surgical tool
is located out of the borders of the predefined route. Thus,
according to this embodiment, the route rule comprises a
communicable database storing at least one predefined route
in which the at least one surgical tool is configured to move
within the surgical environment; the predefined route com-
prises n 3D spatial positions of the at least one surgical tool
in the route; n is an integer greater than or equal to 2;
allowed movements are movements in which the at least one
surgical tool is located substantially in at least one of the n
3D spatial positions of the predefined route, and restricted
movements are movements in which the location of the at
least one surgical tool is substantially different from the n 3D
spatial positions of the predefined route.

[0190] In other words, according to the route rule, each of
the surgical tool’s courses (and path in any surgical proce-
dure) is stored in a communicable database. Allowed move-
ments are defined as movements in which the at least one
surgical tool is located substantially in at least one of the
stored routes; and restricted movements are movements in
which the at least one surgical tool is in a substantially
different location than any location in any stored route.

[0191] According to some embodiments, the environmen-
tal rule is configured to determine allowed and restricted
movements according to hazards or obstacles in the surgical
environment as received from an endoscope or other sensing
means. Thus, according to this embodiment, the environ-
mental rule comprises a communicable database; the com-
municable database is configured to received real-time
images of the surgical environment and is configured to
perform real-time image processing of the same and to
determine the 3D spatial position of hazards or obstacles in
the surgical environment; the environmental rule is config-
ured to determine allowed and restricted movements accord-
ing to hazards or obstacles in the surgical environment, such
that restricted movements are movements in which at least
one surgical tool is located substantially in at least one of the
3D spatial positions, and allowed movements are move-
ments in which the location of at least one surgical tool is
substantially different from the 3D spatial positions.

[0192] In other words, according to the environment rule,
each element in the surgical environment is identified so as
to establish which is a hazard or obstacle (and a path in any
surgical procedure) and each hazard and obstacle (and path)
is stored in a communicable database. Restricted movements
are defined as movements in which the at least one surgical
tool is located substantially in the same location as that of
the hazards or obstacles; and the allowed movements are
movements in which the location of the at least one surgical
tool is substantially different from that of all of the hazards
or obstacles.

[0193] According to other embodiments, hazards and
obstacles in the surgical environment are selected from a
group consisting of tissues, surgical tools, organs, endo-
scopes and any combination thereof.
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[0194] According to some embodiments, the operator
input rule is configured to receive an input from the operator
of the system regarding the allowed and restricted move-
ments of the at least one surgical tool. Thus, according to this
embodiment, the operator input rule comprises a communi-
cable database; the communicable database is configured to
receive an input from the operator of the system regarding
allowed and restricted movements of the at least one surgical
tool.

[0195] According to other embodiments, the input com-
prises n 3D spatial positions; n is an integer greater than or
equal to 2; wherein at least one of which is defined as an
allowed location and at least one of which is defined as a
restricted location, such that the allowed movements are
movements in which the at least one surgical tool is located
substantially in at least one of the n 3D allowed spatial
positions, and the restricted movements are movements in
which the location of the at least one surgical tool is
substantially different from the n 3D allowed spatial posi-
tions.

[0196] According to other embodiments, the input com-
prises at least one rule according to which allowed and
restricted movements of the at least one surgical tool are
determined, such that the spatial position of the at least one
surgical tool is controlled by the controller according to the
allowed and restricted movements.

[0197] According to other embodiments, the operator
input rule can convert an allowed movement to a restricted
movement and a restricted movenient to an allowed move-
ment.

[0198] According to some embodiments, the proximity
rule is configured to define a predetermined distance
between the at least one surgical tool and at least one another
surgical tool; the allowed movements are movements which
are within the range or out of the range of the predetermined
distance, and the restricted movements which are out of the
range or within the range of the predetermined distance; the
allowed movements and the restricted movements are
defined according to different ranges. Thus, according to this
embodiment, the proximity rule is configured to define a
predetermined distance between at least two surgical tools.
In a preferred embodiment, the allowed movements are
movements which are within the range of the predetermined
distance, while the restricted movements which are out of
the range of the predetermined distance. In another preferred
embodiment, the allowed movements are movements which
are out of the range of the predetermined distance, while the
restricted movements are within the range of the predeter-
mined distance

[0199] It should be pointed out that the above mentioned
distance can be selected from the following:

[0200] (a) the distance between the tip of the first tool
and the tip of the second tool;

[0201] (b) the distance between the body of the first tool
and the tip of the second tool;

[0202] (c) the distance between the body of the first tool
and the body of the second tool;

[0203] (d) the distance between the tip of the first tool
and the body of the second tool; and any combination
thereof.

[0204] According to another embodiment, the proximity
rule is configured to define a predetermined angle between
at least three surgical tools; allowed movements are move-
ments which are within the range or out of the range of the
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predetermined angle, and restricted movements are move-
ments which are out of the range or within the range of the
predetermined angle.

[0205] According to some embodiments, the collision
prevention rule is configured to define a predetermined
distance between the at least one surgical tool and an
anatomical element within the surgical environment (e.g.
tissue, organ, another surgical tool or any combination
thereof); the allowed movements are movements which are
in a range that is larger than the predetermined distance, and
the restricted movements are movements which is in a range
that is smaller than the predetermined distance.

[0206] According to another embodiment, the anatomical
element is selected from a group consisting of tissue, organ,
another surgical tool or any combination thereof.

[0207] According to some embodiments, the surgical tool
is an endoscope. The endoscope is configured to provide
real-time images of the surgical environment.

[0208] According to some embodiments, the right tool
rule is configured to determine the allowed movement of the
endoscope according to the movement of a surgical tool in
a specified position in relation to the endoscope, preferably
positioned to right of the same. According to this rule, the
tool which is defined as the right tool is constantly tracked
by the endoscope. According to some embodiments, the
right tool is defined as the tool positioned to the right of the
endoscope; according to other embodiments, any tool can be
defined as the right tool. An allowed movement, according
to the right tool rule, is a movement in which the endoscope
field of view is moved to a location substantially the same
as the location of the right tool, thereby tracking the right
tool. A restricted movement, according to the right tool rule,
is a movement in which the endoscope field of view is
moved to a location substantially different from the location
of the right tool.

[0209] According to some embodiments, the left tool rule
is configured to determine the allowed movement of the
endoscope according to the movement of a surgical tool in
a specified position in relation to the endoscope, preferably
positioned to left of the same. According to this rule, the tool
which is defined as the left tool is constantly tracked by the
endoscope. According to some embodiments, the left tool is
defined as the tool positioned to the left of the endoscope;
according to other embodiments, any tool can be defined as
the left tool. An allowed movement, according to the left tool
rule, is a movement in which the endoscope field of view is
moved to a location substantially the same as the location of
the left tool. A restricted movement, according to the left tool
rule, is a movement in which the endoscope field of view is
moved to a location substantially different from the location
of the left tool.

[0210] According to some embodiments, the field of view
rule is configured to define a field of view and maintain that
field of view. The field of view rule is defined such that if the
endoscope is configured to track a predetermined set of tools
in a desired field of view, when one of those tools is no
longer in the field of view, the rule instructs the endoscope
to zoom out so as to reintroduce the tool into the field of
view. Thus, according to this embodiment, the field of view
rule comprises a communicable database comprising n 3D
spatial positions; n is an integer greater than or equal to 2;
the combination of all of the n 3D spatial positions provides
a predetermined field of view; the field of view rule is
configured to determine the allowed movement of the endo-
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scope within the n 3D spatial positions so as to maintain a
constant field of view, such that the allowed movements are
movements in which the endoscope is located substantially
in at least one of the n 3D spatial positions, and the restricted
movements are movements in which the location of the
endoscope is substantially different from the n 3D spatial
positions.

[0211] Thus, according to another embodiment of the field
of view rule, the field of view rule comprises a communi-
cable database comprising n 3D spatial positions; n is an
integer greater than or equal to 2; the combination of all of
the n 3D spatial positions provides a predetermined field of
view. The field of view rule further comprises a communi-
cable database of m tools and the 3D spatial locations of the
same, where m is an integer greater than or equal to 1 and
where a tool can be a surgical tool, an anatomical element
and any combination thereof. The combination of all of the
n 3D spatial positions provides a predetermined field of
view. The field of view rule is configured to determine
allowed movement of the endoscope such that the m 3D
spatial positions of the tools comprise at least one of the n
3D spatial positions of the field of view, and restricted
movements are movements in which the 3D spatial position
of at least one tool is substantially different from the n 3D
spatial positions of the field of view.

[0212] According to another embodiment, the preferred
volume zone rule comprises a communicable database com-
prising n 3D spatial positions; n is an integer greater than or
equal to 2; the n 3D spatial positions provides the preferred
volume zone; the preferred volume zone rule is configured
to determine the allowed movement of the endoscope within
the n 3D spatial positions and restricted movement of the
endoscope outside the n 3D spatial positions, such that the
allowed movements are movements in which the endoscope
is located substantially in at least one of the n 3D spatial
positions, and the restricted movements are movements in
which the location of the endoscope is substantially different
from the n 3D spatial positions. In other words, the preferred
volume zone rule defines a volume of interest (a desired
volume of interest), such that an allowed movement, accord-
ing to the preferred volume zone rule, is a movement in
which the endoscope (or any surgical tool) is moved to a
location within the defined preferred volume. A restricted
movement, according to the preferred volume zone rule, is
amovement in which the endoscope (or any surgical tool) is
moved to a location outside the defined preferred volume.

[0213] According to another embodiment, the preferred
tool rule comprises a communicable database, the database
stores a preferred tool; the preferred tool rule is configured
to determine the allowed movement of the endoscope
according to the movement of the preferred tool. In other
words, the preferred tool rule defines a preferred tool (i.e., a
tool of interest) that the user of the system wishes to track.
An allowed movement, according to the preferred tool rule,
is a movement in which the endoscope is moved to a
location substantially the same as the location of the pre-
ferred tool. A restricted movement is a movement in which
the endoscope is moved to a location substantially different
from the location of the preferred tool. Thus, according to
the preferred tool rule the endoscope constantly tracks the
preferred tool, such that the field of view, as seen from the
endoscope, is constantly the preferred tool. It should be
noted that the user may define in the preferred tool rule to
constantly track the tip of a preferred tool or alternatively,
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the user may define the preferred tool rule to constantly track
the body or any location on the preferred tool.

[0214] According to some embodiments, the no fly zone
rule is configured to define a restricted zone into which no
tool (or alternatively no predefined tool) is permitted to
enter. Thus, according to this embodiment, the no fly zone
rule comprises a communicable database comprising n 3D
spatial positions; n is an integer greater than or equal to 2;
the n 3D spatial positions define a predetermined volume
within the surgical environment; the no fly zone rule is
configured to determine a restricted movement if the move-
ment is within the no fly zone and an allowed movement if
the movement is outside the no fly zone, such that restricted
movements are movements in which the at least one surgical
tool is located substantially in at least one of the n 3D spatial
positions, and the allowed movements are movements in
which the location of the at least one surgical tool is
substantially different from the n 3D spatial positions.
[0215] According to another embodiment, the most used
tool function is configured to define (either real-time, during
the procedure or prior to the procedure) which tool is the
most used tool (i.e., the tool which is moved the most during
the procedure) and to instruct the maneuvering subsystem to
constantly position the endoscope to track the movement of
this tool. Thus, according to this embodiment, the most used
tool rule comprises a communicable database counting the
number of movements of each of the surgical tools; the most
used tool rule is configured to constantly position the
endoscope to track the movement of the surgical tool with
the largest number of movements. In another embodiment of
the most used tool function, the communicable database
measures the amount of movement of each of the surgical
tools; the most used tool rule is configured to constantly
position the endoscope to track the movement of the surgical
tool with the largest amount of movement.

[0216] According to another embodiment, the system is
configured to alert the physician of a restricted movement of
at least one surgical tool. The alert can be audio signaling,
voice signaling, light signaling, flashing signaling and any
combination thereof.

[0217] According to another embodiment, an allowed
movement is one permitted by the controller and a restricted
movement is one denied by the controller.

[0218] According to another embodiment, the operator
input rule function is configured to receive an input from the
operator of the system regarding allowed and restricted
movements of the at least one surgical tool. In other words,
the operator input rule function receives instructions from
the physician as to what can be regarded as allowed move-
ments and what are restricted movements. According to
another embodiment, the operator input rule is configured to
convert an allowed movement to a restricted movement and
a restricted movement to an allowed movement.

[0219] According to some embodiments, the history-
based rule is configured to determine the allowed and
restricted movements according to historical movements of
the at least one surgical tool in at least one previous surgery.
Thus, according to this embodiment, the history-based rule
comprises a communicable database storing each 3D spatial
position of each of the surgical tools, such that each move-
ment of each surgical tool is stored; the history-based rule is
configured to determine allowed and restricted movements
according to historical movements of the at least one sur-
gical tool, such that the allowed movements are movements
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in which the at least one surgical tool is located substantially
in at least one of the 3D spatial positions, and the restricted
movements are movements in which the location of the at
least one surgical tool is substantially different from the n 3D
spatial positions.

[0220] According to some embodiments, the tool-depen-
dent allowed and restricted movements rule is configured to
determine allowed and restricted movements according to
predetermined characteristics of the surgical tool, where the
predetermined characteristics of the surgical tool are
selected from a group consisting of: physical dimensions,
structure, weight, sharpness, and any combination thereof.
Thus, according to this embodiment, the tool-dependent
allowed and restricted movements rule comprises a com-
municable database; the communicable database is config-
ured to store predetermined characteristics of at least one of
the surgical tools; the tool-dependent allowed and restricted
movements rule is configured to determine allowed and
restricted movements according to the predetermined char-
acteristics of the surgical tool.

[0221] According to another embodiment, the predeter-
mined characteristics of the surgical tool are selected from
a group consisting of: physical dimensions, structure,
weight, sharpness, and any combination thereof.

[0222] According to this embodiment, the user can define,
e.g., the structure of the surgical tool he wishes the endo-
scope to track. Thus, according to the tool-dependent
allowed and restricted movements rule the endoscope con-
stantly tracks the surgical tool having the predetermined
characteristics as defined by the user.

[0223] According to another embodiment of the present
invention, the movement detection rule comprises a com-
municable database comprising the real-time 3D spatial
positions of each surgical tool; the movement detection rule
is configured to detect movement of at least one surgical
tool. When a change in the 3D spatial position of that
surgical tool is received, allowed movements are move-
ments in which the endoscope is re-directed to focus on the
moving surgical tool.

[0224] According to some embodiments, the at least one
location estimating means is at least one endoscope config-
ured to acquire real-time images of a surgical environment
within the human body for the estimation of the location of
at least one surgical tool.

[0225] According to another embodiment, the location
estimating means comprise at least one selected from a
group consisting of optical imaging means, radio frequency
transmitting and receiving means, at least one mark on at
least one surgical tool and any combination thereof.
[0226] According to another embodiment, the at least one
location estimating means is an interface subsystem between
a operator and at least one surgical tool, the interface
subsystem comprising (a) at least one array comprising N
regular light sources or N pattern light sources, where N is
a positive integer; (b) at least one array comprising M
cameras, where M is a positive integer; (¢) optional optical
markers and means for attaching the optical markers to at
least one surgical tool; and (d) a computerized algorithm
operable via the controller, the computerized algorithm
configured to record images received by each camera of
each of the M cameras and to calculate therefrom the
position of each of the tools, and further configured to
provide automatically the results of the calculation to the
human operator of the interface.
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[0227] In some embodiments of the system, the faster the
body portion is moved, the faster the selected portion of the
surgical tool moves. In these embodiments, the system
provides a warning if the speed is above a predetermined
maximum. Examples of the method of warning include, but
are not limited to, a constant volume tone, a constant pitch
tone, a varying volume tone, a varying pitch tone, a vocal
signal, a constant color visual signal, a constant brightness
visual signal, a varying color visual signal, a varying bright-
ness visual signal, a signal visible on at least some part of the
endoscope image, a signal visible on at least some portion of
the patient, a signal visible in at least some portion of the
surroundings of the patient, a vibration in the control unit, a
temperature change in the control unit, and any combination
of the above.

[0228] According to some embodiments of the present
invention, the velocity of the surgical tool’s movement will
be adjusted as a function of the distance of the tool tip from
the organitissue. For non-limiting example, the closer the tip
of an endoscope is to an organ, the slower the endoscope
moves, thereby, on the one hand, helping ensure that the
endoscope tip stops in a desired position and, on the other
hand, reducing the probability that the endoscope will con-
tact the organ/tissue, either through overshoot or through a
miscalculation such as could occur from drift in the system.
[0229] In some embodiments, the display comprises aug-
mented reality elements.

[0230] In some embodiments, the operator can mark a
point or points in the body. These points can indicate an
organ or tissue, be a location on an organ or tissue, be a
location within the body not on an organ or tissue, indicate
a tool or other object (such as a swab) introduced by the
operator, or be a location (such as a tool tip) on a tool or
other object.

[0231] Sets of points, such as but not limited to a set of
points forming the outline of an object or the surface of an
object can also be marked. A non-limiting example of an
outline would be a line indicating the approximate extent of
a tumor. Marking can be by means of touching the point on
a touchscreen or other prepared surface, touching the posi-
tion of the point in a 3D display, touching a symbol
representing the object on a touchscreen or prepared surface,
directing an indicator to the point by means of gestures or
predetermined sounds, any other means known in the art of
specifying a desired point, and any combination thereof.
[0232] After marking, the point can be labeled; the point
is indicated in the image by a virtual marker. The virtual
marker can comprise any means of labeling images known
in the art. Non-limiting examples of virtual markers include
a predetermined geometrical shape, a predetermined word, a
line encircling the image of a selected object, highlighting of
the selected object (placing a patch of predetermined color
or predetermined texture), and any combination thereof.
Color-coding, with different colors indicating different types
of virtual marker, can be used, either alone or in combination
with any of the virtual markers described above.

[0233] In some embodiments, the virtual marker indicates
a selectable display view. In such embodiments, selection of
the marker automatically alters the display view to the view
specified by the marker. Such selectable display view mark-
ers can comprise, for non-limiting example, an outline of the
selectable view, a point at the center of the selectable view,
a patch or different color or texture covering the selectable
view, and any combination thereof.
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[0234] In some embodiments, portions of the image are
enhanced, typically in order to be seen or identified more
easily. Objects which can be enhanced include, but are not
limited to, blood vessels, organs, ligaments, limbs and any
combination thereof.

[0235] Enhancement can include, but is not limited to,
increasing brightness, altering color, applying color or tex-
ture patches, and any combination thereof.

[0236] Markers can comprise a distance or angle measure-
ment. For non-limiting example, the user can select two
points within the display field and instruct the system to
measure the distance between the points. A marker then
indicates the two points and the distance between them.
Similarly, for non-limiting example, selection of three points
instructs the system to measure the angle formed by the three
points and to provide a marker showing the points and the
angle they form. Any distance or angle measurement known
in the art, such as, but not limited to, those typically found
in Computer Aided Design (CAD) systems can be imple-
mented the system of the present invention. Distances and
angles measurements are 3D measurements. The distance
marker will typically be labeled with the total distance
between the start and end points. In some embodiments, the
distance marker can give the distance between the end points
as a triple of values, typically the three distances (X, y, z) of
a Huclidean coordinate system. Other typical coordinate
systems include, but are not limited to, cylindrical coordi-
nate systems (r, 8, z) and spherical coordinate systems (r, 6,
)

[0237] In some embodiments, orientation marking is pro-
vided. The orientation marker indicates a direction fixed
relative to the region of interest. Therefore, the operator can
remain aware of the orientation of the display view relative
to the region of interest in the body, whatever the relative
orientations of the body and the display view.

[0238] In preferred embodiments, the orientation marker
remains within a fixed region in the display view. A non-
limiting example of an orientation marker is axes of a 3D
coordinate system, with the axes labeled so that the identity
of each axis is discernable at a glance. The axes are in a
corner of the display view and rotate as the orientation of the
display view changes.

[0239] Another embodiment of an orientation marker
comprises an arrow with a fixed center, the direction of the
arrow indicating a fixed (3D) direction in space. The point
of the arrow will rotate around the center as the display view
changes, while the color or texture of the arrow indicates
whether the fixed direction is above or below the plane of the
display image and the length of the arrow indicates the angle
between the fixed direction and the plane of the display
view.

[0240] Any orientation marker known in the art can be
used.
[0241] Insome embodiments, the display image combines

the laparoscope image with an image from at least one other
imaging modality. The other imaging modality can be any
imaging modality known in the art, for non-limiting
example, CT, MRI, PET, ultrasound, IR imaging, heat
imaging, a still camera, a videocamera, image-generation
software, image-manipulation software, display of stored
images, and any combination thereof. In preferred embodi-
ments, all images are registered so that like portions corre-
spond with each other and so appear to be viewed from the
same distance and angle. For non-limiting example, the
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boundaries of the liver from an MRI scan would overlap the
boundaries of the liver from the laparoscope image.

[0242] The images from the second imaging modality can
be 2D images, 3D images and any combination thereof.
[0243] An image from another imaging modality can be a
real-time image or can be a stored image. For non-limiting
example, the interior of the abdomen can be simultaneously
imaged by ultrasound and by the laparoscope during a
procedure, with the images from the two modalities regis-
tered and displayed simultaneously.

[0244] In another non-limiting example, 3D MRI images
of the abdomen can be made prior to the procedure. During
the procedure, the stored MR images are registered with 3D
structured light images from the laparoscope, providing the
operator with an enhanced 3D view, in which the visibility
of blood vessels and of tumors has been increased.

[0245] In some embodiments, the laparoscope optics com-
prise at least one wide-angle lens, so that the field of view
of the camera comprises substantially all of the region of
interest, the portion of the body being worked on or exam-
ined. For non-limiting example, for an abdominal operation,
the field of view would be substantially all of the interior of
the abdomen.

[0246] The wide-angle lens can be selected from a group
consisting of: a fish-eye lens, an omnidirectional lens, any
other conventional wide-angle lens and any combination
thereof.

[0247] In some embodiments, the display provides a 3D
view of the region of interest. In preferred embodiments,
structured light is used to provide the 3D view.

[0248] The structured slight method produces 3D images
using a single 2D camera. In the structured light method, the
object is illuminated by a set of rays of light, each ray
illuminating a spot on the object from a known position and
a known direction, and each ray emitted at a known time.
For each known time, a 2D camera image is created from
light reflected from the spots created from rays existing at
that time. Initially. a known calibration object is illuminated.
From the known shape, size and position of the calibration
object and from the locations in the camera images of the
reflected light, mathematical matrices can be calculated.
These matrices enable calculation of the 3D location of the
surface of an unknown object, when the unknown object is
illuminated by the same set of rays as illuminated the
calibration object.

[0249] In preferred embodiments, the system comprises
software for fog removal. Any fog removal technique known
in the art can be used. Typical fog removal algorithms
comprise, but are not limited to, adjustment of brightness
and contrast to compensate for the fog; estimating the fog
density pixel by pixel and removing it; estimating an overall
fog density and removing the overall fog density from each
pixel; estimating the fog density at the deepest point in the
image, scaling the fog density by the estimated distance to
the object, and removing the scaled density from the pixel,
and any combination thereof.

EXAMPLES

[0250] Examples are given in order to prove the embodi-
ments claimed in the present invention. The example, which
is a clinical test, describes the manner and process of the
present invention and set forth the best mode contemplated
by the inventors for carrying out the invention, but are not
to be construed as limiting the invention.
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[0251] 1In the examples below, similar numbers refer to
similar parts in all of the figures.

Example 1—Tracking System with Collision
Avoidance System

[0252] One embodiment of such a rule-based system will
comprise the following set of commands:

[0253] Detection (denoted by Gd):

[0254] Gd, Tool location detection function

[0255] Gd, Organ (e.g. Liver) detection function

[0256] Gd, Movement (vector) calculation and estimation
function

[0257] Gd, Collision probability detection function
[0258] Tool Instructions (denoted Gt):

[0259] Gt, Move according to manual command

[0260] Gt, Stop movement

[0261] The scenario—manual move command by the
operator:

[0262] Locations Gd,(t) and Gd,(t) are calculated in real

time at each time step (from an image or location marker).
[0263] Tool movement vector Gd,(t) is calculated from
Gd, (1) as the difference between the current location and at
least one previous location (probably also taking into
account previous movement vectors).

[0264] The probability of collision—Gd,(t)—is calcu-
lated, for example, from the difference between location Gd,;
and location Gd, (the smaller the distance, the closer the
proximity and the higher the probability of collision), from
movement vector Gd,(t) indicating a collision, etc.

Tool Instructions Gr; Weight function a (=1 if Gz,
(f)<a predetermined threshold and O otherwise

Tool Instructions Gz, Weight function a,(#)=1 if Gt,
(f)>a predetermined threshold and O otherwise

Tool Instructions=a, (£)* Gt +0,(£)* G15(1);

[0265] In reference to FIG. 1, which shows, in a non-
limiting manner, an embodiment of a tracking system and
collision avoidance system. The system tracks a tool 310 and
the liver 320, in order to determine whether a collision
between the tool 310 and the liver 320 is possible within the
next time step. FIGS. 1a and 16 show how the behavior of
the system depends on the distance 330 between the tool 310
and the liver 320, while FIGS. 1c¢ and 1d show how
movement of the tool 310 affects the behavior. In FIG. 1a,
the distance 330 between the tool 310 and the liver 320 is
large enough that a collision is not possible in that time step.
Since no collision is possible, no movement of the tool is
commanded. In FIG. 15, the distance 330 between the tool
310 and the liver 320 is small enough that a collision is
likely. In the embodiment illustrated, a movement 340 is
commanded to move the tool 310 away from the liver 320.
In other embodiments, the system prevents movement 350,
but does not command movement 340; in such embodi-
ments, the tool 310 will remain close to the liver 320. In yet
other embodiments, the system warns/signals the operator
that the move is restricted, but does not restrict movement
350 or command movement 340 away from the liver. Such
a warning/signaling can be visual or aural, using any of the
methods known in the art.

[0266] FIGS. 1c and 1d illustrate schematically the effect
of the movement of tool 310 on the collision avoidance
system. In FIGS. 1¢ and 14, the tool 310 is close enough to
the liver 320 that a collision between the two is possible. If
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the system tracked only the positions of the tool 310 and the
liver 320, then motion of the tool 310 away from the liver
320 would be commanded. FIG. 1c illustrates the effect of
a movement 350 that would increase the distance between
tool 310 and liver 320. Since the movement 350 is away
from liver 320, no collision is possible in this time step and
no movement of the tool 310 is commanded.

[0267] InFIG. 1d,tool 310 is the same distance from liver
320 as in FIG. 1¢. However, in FIG. 14, the movement 350
of the tool 310 is toward the liver 320, making a collision
between tool 310 and liver 320 possible. In some embodi-
ments, a movement 340 is commanded to move the tool 310
away from the liver 320. In other embodiments, the system
prevents movement 350, but does not command movement
340; in this embodiment the tool 310 will remain close to the
liver 320. In yet other embodiments, the system warns the
operator that move is restricted, but does not restrict move-
ment 350 or command movement 340 away from the liver.
Such a warning can be visual or aural, using any of the
methods known in the art.

[0268] As a non-limiting example, in an operation on the
liver, the collision detection function can warn the operator
that a collision between a tool and the liver is likely but not
prevent the collision. In an operation on the gall bladder, the
collision detection function can prevent a collision between
the tool and the liver, either by preventing the movement or
by commanding a movement redirecting the tool away from
the liver,

Example 2—Tracking System with Soft
Control—Fast Movement when Nothing is Nearby,
Slow Movement when Something is Close

[0269] One embodiment of such rule-based system com-
prises the following set of commands:

[0270] Detection (denoted by Gd):

[0271] Main Tool location detection function (denoted by
GdM);

[0272] Gd-tool,-K—Tool location detection function;
[0273] Gd-organ,-—Organ (e.g. Liver) detection func-
tion;

[0274] Gd; Main Tool Movement (vector) calculation and

estimation function;

[0275] Gd, Proximity probability detection function;
[0276] Tool Instructions (denoted Gt):
[0277] Gt, Movement vector (direction and speed) accord-

ing to manual command

[0278] The scenario—manual move command by the
operator:
[0279] Locations GdM(t), Gd-tool,-K(t) and Gd-organ,-

L(t) are calculated in real time at each time step (from image
or location marker).

[0280] Main Tool Movement Vector Gd,(t) is calculated
per GdM (t) as the difference between the current location
and at least one previous location (probably also taking into
account previous movement vectors)

[0281] The proximity of the main tool to other tools—
Gd,(t)—is calculated, for example, as the smallest of the
differences between the main tool location and the other
tools’ locations.
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[0282] Tool Instructions Gt, Weight function ¢, (t) is pro-
portional to tool proximity function Gd,(t), the closer the
tool the slower the movement so that, for example

a,(t)=Gdy/maximum(Gd,)
or

ay(t)=log(Gdy/maximum(Gd,))

where maximum(Gd,) is the maximum distance which is
likely to result in a collision given the distances, the speed
of the tool and the movement vector.

Tool Instructions=a,(£)*Gt,.

Example 3—Tracking System with No-Fly
Rule/Function

[0283] In reference to FIG. 2, which shows, in a non-
limiting manner, an embodiment of a tracking system with
no-fly rule. The system tracks a tool 310 with respect to a
no-fly zone (460), in order to determine whether the tool will
enter the no-fly zone (460) within the next time step. In this
example, the no-fly zone 460 surrounds the liver.

[0284] FIGS. 2a and 25 show how the behavior of the
system depends on the location of the tool tip with respect
to the no-fly zone, while FIGS. 2¢ and 24 show how
movement of the tool affects the behavior.

[0285] In FIG. 2a, the tool 310 is outside the no-fly zone
rule/function 460 and no movement of the tool is com-
manded. In FIG. 25, the tool 310 is inside the no-fly zone
460.

[0286] The no-fly zone rule/function performs as follows:
[0287] In the embodiment illustrated, a movement 350 is
commanded to move the tool 310 away from the no-fly zone
460. In other embodiments, the system prevents movement
further into the no-fly zone (refers as movement 340, see
FIG. 2¢), but does not command movement 340; in such
embodiments, the tool 310 will remain close to the no-fly
zone 460.

[0288] In yet other embodiments, the system warns/sig-
nals the operator that the move is restricted, but does not
restrict movement further into the no-fly zone or command
movement 340 away from the no-fly zone 460. Such a
warning/signaling can be visual or aural, using any of the
methods known in the art.

[0289] FIGS. 2¢ and 24 illustrate schematically the effect
of the tool’s movement on operation of the no-fly zone
rule/function. In FIGS. 2¢ and 2d, the tool 310 is close
enough to the no-fly zone 460 (distance 330 is small enough)
that it is possible for the tool to enter the no-fly zone during
the next time step. FIG. 2¢ illustrates the effect of a move-
ment 340 that would increase the distance between tool 310
and no-fly zone 460. Since the movement 340 is away from
no-fly zone 460, no collision is possible in this time step and
no movement of the tool 310 is commanded.

[0290] In FIG. 2d, tool 310 is the same distance from
no-fly zone 460 as in FIG. 2¢. However, in FIG. 2d, the
movement 340 of the tool is toward no-fly zone 460, making
it possible for tool 310 to enter no-fly zone 460. In the
embodiment illustrated, a movement 350 is commanded to
move the tool 310 away from the no-fly zone 460. In other
embodiments, the system prevents movement 340, but does
not command movement 350; in such embodiments, the tool
310 will remain close to the no-fly zone 460. In yet other
embodiments, the system warns/signals the operator that the
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move is restricted, but does not restrict movement 340 or
command movement 350 away from the no-fly zone rule/
function 460. Such a warning/signaling can be visual or
aural, using any of the methods known in the art.

Example 4—Tracking System with Preferred
Volume Zone Rule/Function

[0291] In reference to FIG. 3, which shows, in a non-
limiting manner, an embodiment of a tracking system with
a preferred volume zone function/rule.

[0292] The system tracks a tool 310 with respect to a
preferred volume zone (570), in order to determine whether
the tool will leave the preferred volume (570) within the next
time step.

[0293] In this example, the preferred volume zone 570
extends over the right lobe of the liver. FIGS. 3a and 35
show how the behavior of the system depends on the
location of the tool tip with respect to the preferred volume
zone 570, while FIGS. 3¢ and 34 show how movement of the
tool affects the behavior (i.e., the preferred volume zone
rule/function).

[0294] 1In FIG. 3a, the tool 310 is inside the preferred
volume zone 570 and no movement of the tool is com-
manded. In FIG. 32, the tool 310 is outside the preferred
volume zone 570.

[0295] In the embodiment illustrated, a movement 340 is
commanded to move the tool 310 away from the preferred
volume zone 570. In other embodiments, the system pre-
vents movement 340; in such embodiments, the tool 310 will
remain close to the preferred volume zone 570. In yet other
embodiments, the system warns/signals the operator that the
move 340 is restricted. Such a warning/signaling can be
visual or aural, using any of the methods known in the art.
[0296] FIGS. 3¢ and 3d illustrate schematically the effect
of the tool’s movement on operation of the preferred volume
rule/function. In FIGS. 3¢ and 34, the tool 310 is close
enough to the edge of preferred volume zone 570 that it is
possible for the tool to leave the preferred volume zone
during the next time step.

[0297] FIG. 3c illustrates the effect of a movement 350
that would take the tool 310 deeper into preferred volume
zone 570. Since the movement 350 is into preferred volume
570, the movement is an allowed movement.

[0298] In FIG. 34, the movement 350 of the tool is out of
the preferred volume 570, making it possible for tool 310 to
leave preferred volume 570.

[0299] According to one embodiment illustrated, a move-
ment 340 is commanded to move the tool 310 into the
preferred volume zone 570. In other embodiments, the
system prevents movement 350, but does not command
movement 340; in such embodiments, the tool 310 will
remain close to the preferred volume zone 570. In yet other
embodiments, the system warns/signals the operator that the
move is restricted, but does not restrict movement 350 or
command movement 340 away from the preferred volume
zone 570. Such a warning/signaling can be visual or aural,
using any of the methods known in the art.

Example 5—Organ/Tool Detection Function

[0300] In reference to FIG. 4, which shows, in a non-
limiting manner, an embodiment of an organ detection
system (however, it should be noted that the same is pro-
vided for detection of tools, instead of organs).
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[0301] For each organ, the 3D spatial positions of the
organs stored in a database. In FIG. 4, the perimeter of each
organ is marked, to indicate the edge of the volume of 3D
spatial locations stored in the database.

[0302] In FIG. 4, the liver 610 is labeled with a dashed
line. The stomach 620 is labeled with a long-dashed line, the
intestine 630 with a solid line and the gall bladder 640 is
labeled with a dotted line.

[0303] In some embodiments, a label or tag visible to the
operator is also presented. Any method of displaying iden-
tifying markers known in the art can be used. For non-
limiting example, in an enhanced display, colored or pat-
terned markers can indicate the locations of the organs, with
the marker either indicating the perimeter of the organ or the
area of the display in which it appears.

Example 6—Tool Detection Function

[0304] In reference to FIG. 5, which shows, in a non-
limiting manner, an embodiment of a tool detection function.
For each tool, the 3D spatial positions of the tools stored in
a database. In FIG. 5, the perimeter of each tool is marked,
to indicate the edge of the volume of 3D spatial locations
stored in the database. In FIG. 5, the left tool is labeled with
a dashed line while the right tool is labeled with a dotted
line.

[0305] In some embodiments, a label or tag visible to the
operator is also presented. Any method of displaying iden-
tifying markers known in the art can be used. For non-
limiting example, in an enhanced display, colored or pat-
terned markers can indicate the locations of the tools, with
the marker either indicating the perimeter of the tool or the
area of the display in which it appears.

Example 7—Movement Detection Function/Rule

[0306] In reference to FIG. 6, which shows, in a non-
limiting manner, an embodiment of a movement detection
fanction/rule. FIG. 6a schematically illustrates a liver 8§10,
a left tool 820 and a right tool 830 at a time t. FIG. 6b
schematically illustrates the liver 810, left tool 820 and right
tool 830 at a later time t+At, where At is a small time
interval. In this example, the left tool 820 has moved
downward (towards the direction of liver 810) in the time
interval At.

[0307] The system has detected movement of left tool 820

and labels it. This is illustrated schematically in FIG. 65 by
a dashed line around left tool 820.

Example 8—Prediction Function

[0308] In reference to FIG. 7, which shows, in a non-
limiting manner, an embodiment of the above discussed
prediction function.

[0309] FIG. 7a shows a left tool 920 and a right tool 930
at a time t.
[0310] FIG. 7b shows the same tools at a later time t+At,

where At is a small time interval. Left tool 920 is moving to
the right and downward, while right tool 930 is moving to
the left and upward. If the motion continues (shown by the
dashed line in FIG. 7¢), then by the end of the next time
interval, in other words, at some time between time t+At and
time t+2At, the tools will collide, as shown by tool tips
within the dotted circle 950 in FIG. 7c.
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[0311] In this embodiment, the system automatically pre-
vents predicted collisions and, in this example, the system
applies a motion 940 to redirect left tool 920 so as to prevent
the collision.

[0312] In other embodiments, the system warns/signals
the operator that a collision is likely to occur, but does not
alter the movement of any tool. Such a warning/signaling
can be visual or aural, using any of the methods known in
the art.

[0313] In other embodiments, the prediction function can
be enabled to, for non-limiting example, alter the field of
view to follow the predicted movement of a tool or of an
organ, to warn of (or prevent) predicted motion into a no-fly
zone, to warn of (or prevent) predicted motion out of a
preferred zone.

Example 9—Right Tool Function/Rule

[0314] In reference to FIG. 8, which shows, in a non-
limiting manner, an embodiment of a right tool function.
FIG. 8 schematically illustrates a liver 1010, a left tool 1020
and a right tool 1030. The right tool, illustrated schemati-
cally by the dashed line 1040, is labeled and its 3D spatial
location is constantly and real-time stored in a database.
Now, according to the right tool function/rule the endoscope
constantly tracks the right tool.

[0315] Tt should be pointed out that the same rule/function
applies for the left tool (the left tool function/rule).

[0316] It should be further pointed out that paradigm of
tracking a tool in a particular region of the field of view can
be extended to any number of tools, for non-limiting
example, upper tool function, lower tool function, second-
from-right function, and second-from-left function. Other
such rules/functions will be obvious to one skilled in the art.

Example 10—Field of View Function/Rule

[0317] In reference to FIG. 9, which shows, in a non-
limiting manner, an embodiment of a field of view function/
rule.

[0318] FIG. 9a schematically illustrates a field of view of
the abdomen at a time t. In the field of view are the liver
1110, stomach 1120, intestines 1130 and gall bladder 1140.
[0319] The gall bladder is nearly completely visible at the
left of the field of view. Two tools are also in the field of
view, with their tips in proximity with the liver. These are
left tool 1150 and right tool 1160. In this example, the field
of view function/rule tracks left tool 1150. In this example,
left tool 1150 is moving to the right, as indicated by arrow
1170.

[0320] FIG. 95 shows the field of view at time t+At. The
field of view has moved to the right so that the tip of left tool
1150 is still nearly at the center of the field of view. It can
be seen that much less of gall bladder 1140 s visible, while
more of right tool 1160 has entered the field of view.
[0321] The field of view function/rule can be set to follow
aselected tool, as in this example, or to keep a selected organ
in the center of the field of view. It can also be set to keep
a particular set of tools in the field of view, zooming in or
out as necessary to prevent any of the chosen tools from
being outside the field of view.

[0322] Alternatively, the field of view function/rule
defines n 3D spatial positions; n is an integer greater than or
equal to 2; the combination of all of the n 3D spatial
positions provides a predetermined field of view.
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[0323] Each movement of the endoscope or the surgical
tool within the n 3D spatial positions is an allowed move-
ment and any movement of the endoscope or the surgical
tool outside the n 3D spatial positions is a restricted move-
ment.

[0324] Alternatively, the field of view function/rule
defines n 3D spatial positions; n is an integer greater than or
equal to 2; the combination of all of the n 3D spatial
positions provides a predetermined field of view.

[0325] According to the field of view function/rule, the
endoscope is relocated if movement has been detected by the
detection means, such that the field of view is maintained.

Example 11—Tagged Tool Function/Rule (or
Alternatively the Preferred Tool Rule)

[0326] In reference to FIG. 10, which shows, in a non-
limiting manner, an embodiment of a tagged tool function/
rule.

[0327] FIG. 10 shows three tools (1220, 1230 and 1240) in
proximity to the organ of interest, in this example, the liver
1210.

[0328] The tool most of interest to the operator, at this
point during the operation, is tool 1240. Tool 1240 has been
tagged (dotted line 1250); the 3D spatial location of tool
1240 is constantly stored in a database and this spatial
location has been labeled as one of interest.

[0329] The system can use this tagging for many purposes,
including, but not limited to, keeping tool 1240 in the center
of the field of view, predicting its future motion, keeping it
from colliding with other tools or keeping other tools from
colliding with it, instructing the endoscope to constantly
monitor and track the tagged tool 1250 and so on.

[0330] Itshould be noted that in the preferred tool rule, the
system tags one of the tools and performs as in the tagged
tool rule/function.

Example 12—Proximity Function/Rule

[0331] In reference to FIG. 11, which shows, in a non-
limiting manner, an embodiment of a proximity function/
rule.

[0332] FIG. 11a schematically illustrates two tools (1310
and 1320) separated by a distance 1330 which is greater than
a predefined proximity distance. Since tool 1310 is not
within proximity of tool 1320, the field of view (1380) does
not move.

[0333] FIG. 115 schematically illustrates two tools (1310
and 1320) separated by a distance 1330 which is less than a
predefined proximity distance.

[0334] Since tool 1310 is within proximity of tool 1320,
the field of view 1380 moves upward, illustrated schemati-
cally by arrow 1340, until the tips of tool 1310 and tool 1320
are in the center of field of view 1380 (FIG. 11¢).

[0335] Alternatively the once the distance 1330 between
the two tool 1320 and 1310 is smaller than a predetermined
distance, the system alerts the user of the proximity (which
might lead to a collision between the two tools). Alterna-
tively, the system moves one of the tools away from the
other one.
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Example 13—Operator Input Function/Rule

[0336] In reference to FIG. 12, which shows, in a non-
limiting manner, an embodiment of an operator input func-
tion/rule. According to this embodiment, input is received
from the operator.

[0337] In the following example, the input received from
the operator is which tool to track.

[0338] FIG. 124 schematically illustrates an endoscope
with field of view 1480 showing a liver 1410 and two tools
1420 and 1430. A wireless transmitter 1460 is enabled to
transmit coded instructions through receiver 1470. Operator
1450 first selects the tip of the left tool as the region of
interest, causing the system to tag (1440) the tip of the left
tool.

[0339] As illustrated in FIG. 124, the system then directs
and modifies the spatial position of the endoscope so that the
tagged tool tip 1440 is in the center of the field of view 1480.
[0340] Another example of the operator input function/
rule is the following:

[0341] If a tool has been moved close to an organ in the
surgical environment, according to the proximity rule or the
collision prevention rule, the system will, according to one
embodiment, prevent the movement of the surgical tool.
[0342] According to one embodiment of the present inven-
tion, once the surgical tool has been stopped, any movement
of the tool in a direction toward the organ is interpreted as
input from the operator to continue the movement of the
surgical tool in that direction.

[0343] Thus, according to this embodiment, the operator
input function/rule receives input from the operator (i.e.,
physician) to continue to move of the surgical tool, even
though it violates the collision prevention rule. The input is
simply in the form of the continued movement of the
surgical tool after the alert of the system or after movement
prevention by the systeni.

Example 14—Constant Field of View
Rule/Function

[0344] In reference to FIGS. 13A-D, which shows, in a
non-limiting manner, an embodiment of a tracking system
with a constant field of view rule/function.

[0345] In many endoscopic systems, the tip lens in the
camera optics is not at a right angle to the sides of the
endoscope. Conventionally, the tip lens angle is described
relative to the right angle, so that a tip lens at right angles to
the sides of the endoscope is described as having an angle of
0. Typically, angled endoscope tip lenses have an angle of
30° or 45°. This tip lens angle affects the image seen during
zooming. FIG. 13A-D illustrates, in an out-of-scale manner,
for a conventional system, the effect of zooming in the field
of view in an endoscope with tip lens set straight in the end
(FIGS. 13A and 13B) vs. the effect of zooming in the field
of view in an endoscope with angled tip lens (FIGS. 13C and
13D).

[0346] FIGS. 13A and 13C illustrate the endoscope (100),
the object it is viewing (200) and the image seen by the
endoscope camera (130) before the zoom. The solid arrows
(160) show the limits of the FOV and the dashed arrow
(170), the center of the field of view (FOV); since the object
is in the center of the FOV, an image of the object (210) is
in the center of the camera image (130). FIGS. 13B and 13D
illustrate the endoscope (100), the object it is viewing (200)
and the image seen by the endoscope camera (130) after the
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zoom. The solid arrows (160) show the limits of the FOV
and the dashed arrow (170), the center of the field of view.

[0347] If the tip lens is set straight in the end of the
endoscope (FIGS. 13A and 13B), an object (200) in the
center of the field of view will be in the center of the field
of view (FOV) (and the camera image) (130) both before
(FIG. 13A) and after (FIG. 13B) the zoom. However, if the
tip lens is set at an angle in the end of the endoscope (FIGS.
13C and 13D), then an object that is in the center of the FOV
(and the camera image) before the zoom (FIG. 13C) will not
be in the center of the FOV (or the camera image) after the
zoom (FIG. 13D) since the direction of motion of the
endoscope is not the direction in which the center of the field
of view (170) points.

[0348] In an embodiment of the system of the present
invention, unlike in conventional systems, the controlling
means maintains the center of the field of view (FOV) during
zoom independent of the tip lens angle. An advantage of
controlling the zoom of the endoscope via a data processing
system is that the tip lens angle does not need to be input to
the data processing system, obviating a possible source of
error.

[0349] According to one embodiment of the present inven-
tion, the endoscope’s movement will be adjusted in order to
maintain a constant field of view.

Example 15—Misalignment Rule/Function

[0350] According to another embodiment of the present
invention, the system can inform the user of any misalign-
ment of the same system.

[0351] Misalignment of the system may cause parasitic
movement of the endoscope tip, where the endoscope tip
does not move exactly in the expected direction. According
to one embodiment of the system, the system comprises
sensors (e.g.. gyroscopes, accelometers and any combina-
tion thereof) that calculate/estimates the position of the pivot
point in real time in order to (a) inform the user of mis-
alignment; or (b) calculate the misalignment so that the
system can adjust its movement to prevent parasitic move-
ment.

Example 16—Change of Speed Rule/Function

[0352] In reference to FIG. 14, which shows, in a non-
limiting manner, an embodiment of a tracking system with
a change of speed rule/function.

[0353] In conventional endoscopic control systems,
motion of the endoscope occurs at a single speed. This speed
is fairly fast so that the endoscope can be moved rapidly
between locations that are well separated. However, this
means that making fine adjustments so difficult that fine
adjustments are normally not made. In an embodiment of the
present invention, the speed of the tip of the endoscope is
automatically varied such that, the closer the endoscope tip
is to an object, be it a tool, an obstacle, or the object of
interest, the more slowly it moves. In this embodiment, as
shown in FIG. 14, measurements are made of the distance X
(150) from the tip (195) of the endoscope (100) to the pivot
point of the endoscope (190), where the pivot point is at or
near the surface of the skin (1100) of a patient (1000).
Measurements are also made of the distance Y (250) from
the tip of the endoscope (195) to the object in the center of
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the scene of view (200). From a predetermined velocity V,,
the actual velocity of the tip of the endoscope at a given
time, V__,, is calculated from

act’
Y
Vi & XVD

[0354] Therefore, the closer to the object at the center of
the scene of view, the more slowly the endoscope moves,
making it possible to use automatic control of even fine
adjustments, and reducing the probability that the endoscope
will come in contact with tissue or instruments.

Example 17—Input Movement Protocol, Movement
of a Tool

[0355] Non-limiting examples of input movement proto-
cols involving movement of tools and associated output
movement protocols will be given. For simplicity, the input
commands comprise a single movement protocol. It is clear
that a movement command can comprise any number of
movement protocols, positions, repositions and actions,
[0356] In reference to FIG. 15A-B, which shows, in a
non-limiting manner, an embodiment of an input movement
protocol comprising shaking a tool.

[0357] In FIG. 15A, a system comprising three tools
(1520, 1530, 1540) is illustrated; the system is tracking
(dashed line) the upper right tool (1530). In order to change
tracking to the leftmost tool (1520), the leftmost tool (1520)
is shaken (1550, dotted line)

[0358] As shown in FIG. 15B, once the leftmost tool
(1520) has been shaken. according to the output movement
protocol, the system tracks (dashed line) the leftmost tool
(1520).

[0359] In this example, for clarity, a single tool is tracked.
It is clear that a plurality of tools can be simultaneously
tracked.

[0360] In reference to FIG. 16A-B, which shows, in a
non-limiting manner, an embodiment of a zoom command.
[0361] InFIG. 16A, two tools (1620, 1630) are being used
in an operation on the liver (1610). To command a zoom
inward, the tip of a tool, in this case, the right tool (1630),
is moved in a clockwise circle (1650, dotted line).

[0362] As shown in FIG. 16B, once the circle has been
made, according to the output protocol, the field of view is
zoomed inward, keeping the center of the field of view the
same, so that the image is magnified by 50%.

[0363] In this embodiment, an input protocol of a coun-
terclockwise circle (not shown) of either tool would result in
an output movement protocol of a zoom outward, increasing
the field of view and demagnifying the image by 50%.
[0364] The embodiments shown herein are merely exem-
plary—there are many input movement protocols and many
output movement protocols which have not been shown.
[0365] It should be noted that the association of input and
output movement protocols is arbitrary; any input movement
protocol can be associated with any output protocol.

Example 18—Input Movement Protocol, Movement
of an Operator

[0366] Non-limiting examples of input movement proto-
cols involving movement of a part of an operator, in this case
the hand, and associated output movement protocols will be
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given. For simplicity, each input movement command com-
prises a single movement protocol, a predetermined gesture.
Tt is clear that a movement command can comprise any
number of movement protocols, as well as positions, repo-
sitions and actions.

[0367] In reference to FIG. 17A-C, which shows, in a
non-limiting manner, an embodiment of an input movement
protocol comprising pointing a finger.

[0368] In FIG. 15A, a system comprising three tools
(1520, 1530, 1540) is illustrated; the system is tracking
(dashed line) the upper right tool (1530). As shown in FIG.
17B, in order to change tracking to the leftmost tool (1520),
the operator points to the left (1750), in this case with the
right hand.

[0369] As shown in FIG. 17C, once operator has pointed,
according to the output movement protocol, the system
tracks (dashed line) the leftmost tool (1520).

[0370] In this example, for clarity, a single tool is tracked.
It is clear that a plurality of tools can be simultaneously
tracked.

[0371] In reference to FIG. 18A-C, which shows, in a
non-limiting manner, an embodiment of an input movement
protocol for centering a field of view.

[0372] In this embodiment, the input movement protocol
to place the center of the field of view at the tip of the tracked
tool is holding the hand open downward with the finger
spread as though picking up a bowl (FIG. 18A, 1850).

[0373] As shown in FIG. 18B, the tip of the tracked tool
(1880, dashed line) 1s to the left of the center of the field of
view, which shows two tools (1880, 1890), the liver (1810)
and the stomach (1820).

[0374] The gesture (FIG. 18A, 1850) commands the out-
put movement protocol, that the center of the field of view
be moved to the right (dashed arrow, 1870). After the output
movement protocol has been completed, the tip of the
tracked, left, tool (1880, dashed line) is at the center of the
field of view, which shows the two tools (1880, 1890), liver
(1810), the stomach (1820), the intestines (1830) and gall
bladder (1840).

[0375] Inthis example, for clarity, the center of the field of
view follows a single tool. It is clear that the center of the
field of view can depend on the locations of a plurality of
tools.

[0376] In reference to FIG. 19A-C, which shows, in a
non-limiting manner, an embodiment of an input movement
protocol to zoom an endoscope.

[0377] In this embodiment, the input movement protocol
to zoom the endoscope inward is holding an open hand
sideways with the fingers together, although picking up a
book (FIG. 194, 1950).

[0378] InFIG. 19B, two tools (1920, 1930) are being used
in an operation on the liver (1910).

[0379] As shown in FIG. 19C, once the input protocol
(holding the hand as though picking up a book) is made,
according to the output protocol, the field of view is zoomed
inward, keeping the center of the field of view the same, so
that the image is magnified by 50%.

[0380] Inthis embodiment, an input movement protocol of
a book-holding gesture pointing toward the right would
result in an output movement protocol of a zoom outward,
increasing the field of view and demagnifying the image by
50%.
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[0381] The embodiments shown herein are merely exem-
plary—there are many input movement protocols and many
output movement protocols which have not been shown.
[0382] It should be noted that the association of input and
output movement protocols is arbitrary; any input movement
protocol can be associated with any output protocol.

Example 19—Input Movement Protocol, Movement
of an Operator

[0383] A non-limiting example of an input movement
protocol comprising movement of a part of an operator, in
this case the eye, and an associated output movement
protocol will be given. For simplicity, the input movement
protocol comprises a single fixed predetermined gesture. It
is clear that a movement command can comprise any
number of movement protocols, as well as positions, repo-
sitions and actions.

[0384] In reference to FIG. 20A-C, which shows, in a
non-limiting mannetr, an embodiment of an input movement
protocol comprising moving at least one eye.

[0385] In FIG. 20A, a system comprising three tools
(2020, 2030, 2040) is illustrated; the system is tracking
(dashed line) the upper right tool (2030). In order to change
tracking to the leftmost tool (2020), at least one eye is moved
to look upward to the left, preferably so that the operator is
no longer looking at the display screen, as shown in FIG.
20B (2030). In preferred embodiments, the eye gesture need
only be a quick glance, a momentary removal of the eyes
from the display.

[0386] As shown in FIG. 20C, once the eye gesture (2060)
1s complete, according to the output movement protocol, the
system tracks (dashed line) the leftmost tool (2020).
[0387] In this example, for clarity, a single tool is tracked.
It is clear that a plurality of tools can be simultaneously
tracked

Example 20—Input Protocol, Position of a Tool

[0388] A non-limiting example of an input movement
command comprising a position of a tool is shown in FIG.
21A-B. The input movement command comptises an input
position. In other embodiments, the input movement com-
mand can comprise a plurality of positions, repositions,
actions and movement protocols.

[0389] In FIG. 21A, an embodiment of a display image is
shown. The display comprises at least one icon (2150), with
each icon being associated with an output command. In this
embodiment, icons are invisible until a tool “enters” an icon,
in other words, until the image of the tool is in the region of
the display which can show the icon. In other embodiments,
at least some icons are visible at all times.

[0390] In this embodiment, once a tool (2130) has entered
an icon (2150), the output command is activated by moving
the tool in a gesture which encircles the icon (2160, dotted
arrow). In other embodiments, entering the icon region
activates the output protocol; in yet other embodiments,
other gestures are used.

[0391] In this exemplary embodiment, the icon (2150)
shows a zoom-inward (+) symbol. After the circling motion
(2160, dotted arrow) is completed, the system zooms the
endoscope inward until the tool is removed from the icon,
whereupon zooming stops and a magnified image is shown
(FIG. 21B). The location of the icon is shown greyed-out in
FIG. 21B for illustrative purposes. In preferred variants of
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this embodiment, an icon would only be showed greyed-out
if the function with which it is associated is unavailable. In
preferred variants, icons are preferably outside the image of
the field of view or invisible when not in use, in order to
ensure that the image of the field of view is as visible as
possible.

[0392] In this example, for clarity, a single tool is shown.
It is clear that any of a plurality of tools can be positioned
over the icon.

Example 21—Input Protocol, Tagging of an Object

[0393] A non-limiting example of an input command
comprising an action by a moving element is shown in FIG.
22A-B. For simplicity, the input command comprises a
single action. In other embodiments, the input command can
comprise a plurality of positions, repositions, actions and
movement protocols.

[0394] In this embodiment, as shown in FIG. 22A, the
command is pointing by a finger of an operator (2250) at the
object (2260) to be tagged.

[0395] As shown in FIG. 22B, the output protocol tags
(2260, dashed line) the object. centers it in the field of view,
and zooms the object until it is entirely within the field of
view and fills the field of view in at least one direction.
[0396] In this example, for clarity, a single tagged object
is used. It is clear that any of a plurality of tagged objects can
be kept within the field of view.

Example 22—Input Protocol, Activation of a Tool

[0397] A non-limiting example of an input command
comprising an action of activating a tool is shown in FIG.
23A-B. For simplicity, the input command comprises a
single action; in other embodiments, the input command can
comprise a plurality of positions, repositions, actions and
movement protocols.

[0398] In this embodiment, as shown in FIG. 23A, the tool
(2330) is a grasper and activation comprises closing the
grasper (2350, curved arrows).

[0399] Closing (2350, curved arrows) of the grasper
(2330) results in an output protocol in which (FIG. 23B) the
tip (2335, dashed circle) of the grasper (2330) is placed in
the center of the field of view and the view zoomed to give
a good view of the tip of the grasper.

[0400] In this example, for clarity, a single tool is acti-
vated. It is clear that any of a plurality of tools can be
activated, and that the activated tools need not be of the same
type (e.g., a cautery and a graspers).

Example 23—Input Protocol, Tool Reaches Edge of
Field of View

[0401] A non-limiting example of an input command to
keep a tagged object from reaching an edge of the field of
view is shown in FIG. 24A-B.

[0402] In this embodiment, as shown in FIG. 24A, the
tagged object is a tool (2420). Location of the tip of the tool
anywhere in the area between a predetermined distance
(2450, dotted line) and the edge of the field of view
determines activation of the input command that the tool tip
is to be kept within the field of view. This, in turn, activates
an output command to maneuver the endoscope so as to
place the tip (2425) of the tool (2420) in the center of the
field of view, as is shown in FIG. 24B.
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[0403] In other embodiments, more than one article can be
kept from the edge of the field of view. In such embodi-
ments, a plurality of articles can be tagged. If a tagged article
reaches an edge of the field of view, the endoscope will
maneuver to move the article away from the edge. In some
variants of these embodiments, in addition to, or in place of,
maneuvering the endoscope, the endoscope’s zoom will be
altered until all the tagged articles are more than the prede-
termined distance from the edge.

Example 24—Relationship Between Articles

[0404] A non-limiting example of a relationship between
articles is shown in FIG. 25.

[0405] In this example, a fluid delivery tube (2520) and a
suction tube (2530) are kept at fixed distances (2540, 2550),
which are not the same, from a cautery (2510). A predeter-
mined angle (2560) is maintained between the tip of the fluid
delivery tube (2520), the tip of the cautery (2510) and the tip
of the suction tube (2530). In addition, the longitudinal axes
of the tubes are at fixed angles (2570, 2580), not the same,
relative to the longitudinal axis of the cautery.

[0406] The embodiments shown hereinabove are merely
exemplary—there are many input movement protocols,
many output movement protocols and many associations
between input command and output command which are
possible and have not been shown.

[0407] It should be noted that the association of input and
output commands are typically arbitrary; any input com-
mand can be associated with any output command.

[0408] It should further be noted that an input command
can comprise any of a tool movement, an operator move-
ment and an operator brain signal, and that these can be
combined in any way.

[0409] In preferred embodiments, the input commands
will be chosen so as to make the system operate as intui-
tively as is practicable.

[0410] 1In the foregoing description, embodiments of the
invention, including preferred embodiments, have been pre-
sented for the purpose of illustration and description. They
are not intended to be exhaustive or to limit the invention to
the precise form disclosed. Obvious modifications or varia-
tions are possible in light of the above teachings. The
embodiments were chosen and described to provide the best
illustration of the principals of the invention and its practical
application, and to enable one of ordinary skill in the art to
utilize the invention in various embodiments and with
various modifications as are suited to the particular use
contemplated. All such modifications and variations are
within the scope of the invention as determined by the
appended claims when interpreted in accordance with the
breadth they are fairly, legally, and equitably entitled.

1-572. (canceled)

573. A maneuvering system, comprising:

a. at least one endoscope adapted to real-time provide at
least one image of a field of view;

b. at least one surgical tool,

¢. at least one maneuvering mechanism in active commu-
nication with at least one selected from a group con-
sisting of said at least one endoscope, said at least one
surgical tool and any combination thereof;
said maneuvering mechanism is configured to maneu-

ver at least one selected from a group consisting of
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said at least one endoscope, said at least one surgical
tool and any combination thereof; in at least two
dimensions;

d. a computer program which, when executed by a data
processor, is in communication with a member of a
group consisting of said at least one endoscope, said at
least one surgical tool and any combination thereof;
said program, when executed by a data processor is

configured to (i) real-time image process said at least
one image; (i) detect movement of at least a portion
of said at least one surgical tool;

wherein, if said detected movement of at least a portion of
said at least one surgical tool is within a predetermined
protocol of input movement, then at least one of the
following is being held true:

(a) said endoscope is maneuvered by means of said
maneuvering mechanism according to a predetermined
protocol of output movement;

(b) said at least one surgical tool is maneuvered by means
of said maneuvering mechanism according to a prede-
termined protocol of output movement;

(c) said at least one surgical tool is activated;

(d) a second surgical tool is maneuvered by means of said
maneuvering mechanism according to said at least one
output movement protocol;

(e) a second surgical tool is activated according to said at
least one output movement protocol; and,

(f) any combination thereof.

574. The system of claim 573, wherein said input move-
ment protocol is selected from a group consisting of: moving
said at least one surgical tool parallel to the X axis; moving
said at least one surgical tool parallel to the Y axis; moving
said at least one surgical tool parallel to the Z-axis; rotational
movement of said at least one surgical tool around an axis
parallel to the X axis; rotational movement of said at least
one surgical tool around an axis parallel to the Y axis;
rotational movement of said at least one surgical tool around
an axis parallel to the Z axis; shaking said at least one
surgical tool, moving said at least one surgical tool in at least
a portion of a circle, moving said at least one surgical tool
in at least a portion of an oval, moving said at least one
surgical tool in at least a portion of an ellipse, moving said
at least one surgical tool in a straight line, moving said at
least one surgical tool in a zigzag, moving said at least one
endoscope parallel to the X axis; moving said at least one
endoscope parallel to the Y axis; moving said at least one
endoscope parallel to the Z-axis; rotational movement of
said at least one endoscope around an axis parallel to the X
axis; rotational movement of said at least one endoscope
around an axis parallel to the Y axis; rotational movement of
said at least one endoscope around an axis parallel to the 7
axis; shaking said surgical tool, moving said at least one
endoscope in at least a portion of a circle, moving said at
least one endoscope in at least a portion of an oval, moving
said at least one endoscope in at least a portion of an ellipse,
moving said at least one endoscope in a straight line, moving
said at least one endoscope in a zigzag, and any combination
thereof.

575. The system of claim 573, additionally comprising an
input protocol selected from a group consisting of: at least
a portion of at least one said surgical tool is positioned in a
predetermined region of said field of view; at least a portion
of at least one said surgical tool is positioned less than a
predetermined distance from an edge of said field of view;
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at least a portion of at least one said surgical tool is oriented
at a predetermined angle in said field of view; there exists a
predetermined relationship between at least two articles in
said field of view and any combination thereof.

576. The system of claim 573, additionally comprising an
output protocol selected from a group consisting of: zoom-
ing at least one said endoscope inward, zooming at least one
said endoscope outward, tagging at least one said tool,
activating at least one tagged tool, deactivating at least one
tagged tool, rotating a display image, moving a center of a
field of view, saving at least one said image, storing at least
one said image, augmenting at least one said image, select-
ing at least one said image with which to augment said
display image, establishing a predetermined relationship
between at least two articles in said field of view, maneu-
vering said at least one endoscope such that at least one said
surgical tool remains within said field of view, maneuvering
said at least one endoscope such that at least one said
surgical tool is at a center of said field of view, maneuvering
maneuvering said at least one endoscope such that at least
one said surgical tool is more than a predetermined distance
from said edge of said field of view, maneuvering said at
least one endoscope such that at least one said surgical tool
is between said edge of said field of view and said prede-
termined distance from aid edge of said field of view,
altering zoom of said at least one endoscope until said at
least one surgical tool at a distance from said edge of said
field of view than said predetermined distance from said
edge of said field of view and any combination thereof. The
system of claim 2, wherein said predetermined portion of
said field of view is selected from: an edge of said field of
view, a predetermined region within said field of view and
any combination thereof.

577. The system of claim 573, wherein said activation is
selected from a group consisting of: opening said at least one
surgical tool, closing said at least one surgical tool, causing
said at least one surgical tool to function, stopping said at
least one surgical tool from functioning, introducing at least
one said surgical tool to the surgical environment, removing
at least one said surgical tool from the surgical environment,
introducing at least one said endoscope to a surgical envi-
ronment, removing at least one said endoscope from a
surgical environment and any combination thereof.

578. The system of claim 573, wherein said maneuvering
mechanism can maneuver said surgical tool in at least three
dimensions.

579. The system of claim 573, wherein a relationship
between magnitude of an output movement and magnitude
of said sensor-indicated movement is selected from a group
consisting of: the magnitude of said output movement is
proportional to the magnitude of said detected; the magni-
tude of said output movement is substantially identical to the
magnitude of said detected movement; the magnitude of said
output movement is independent of the magnitude of said
detected movement and any combination thereof.

580. The system of claim 573, wherein at least one said
input movement protocol comprises an unwanted move-
ment; wherein said unwanted movement is selected from a
group consisting of® involuntary movement of a body part,
saccadic movement of an eye, winking an eye, blinking an
eye, tremor of a body part, a tic in a body part, myoclonus
of a body part, dystonia, and any combination thereof.

581. The system of claim 580, wherein said predeter-
mined output protocol, upon detection of at least one said
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unwanted movement, is that movement of said surgical tool
is unaffected by said detection of said at least one unwanted
movement.

582. The system of claim 573, additionally comprising
either a wired or wireless communicable database for storing
at least one selected from a group consisting of said prede-
termined protocol of input movement; said predetermined
protocol of output movement; and any combination thereof.

583. The system of claim 573, additionally comprising at
least one sensor, configured to indicate at least one move-
ment of at least one moving element.

584. The system of claim 573, wherein said moving
element is selected from a group consisting of movement of
at least a portion of at least one said surgical tool, of
movement of the distal end of at least one said surgical tool,
movement of a portion of a body of at least one operator, at
least one brain signal indicating a command to move at least
a portion of said body of said at least one operator, at least
one brain signal indicating future movement of at least a
portion of said body of said at least one operator, at least one
brain signal of said at least one operator indicating at least
one predefined future development, a sound signal, and any
combination thereof.

585. The system of claim 573, wherein said sensor
indicates movement of said moving element if a current 3D
position or current signal, 3D____ is substantially different
from a previous 3D position or previous signal of the same,
3D, evious: Turther wherein said at least one movement
results in an input movement protocol.

586. The system of claim 585, wherein said computer
program is configured to instruct said maneuvering mecha-
nism, upon detection of said input movement protocol, to
move a member of a group consisting of said at least one
endoscope, said at least one surgical tool and any combina-
tion thereof according to a predetermined protocol for
movement.

587. The system of claim 573, wherein said body portion
is selected from a group consisting of: at least a portion of
an arm; at least a portion of a hand; at least a portion of a
finger; at least a portion of a wrist; at least a portion of a
forearm; at least a portion of an elbow; at least a portion of
a shoulder; at least a portion of a toe; at least a portion of a
foot; at least a portion of a leg; at least a portion of a neck;
at least a portion of a chest; at least a portion of an abdomen;
at least a portion of a trunk; at least a portion of a head, an
eye; at least a portion of a mouth; at least a portion of a brain;
at least a portion of a face and any combination thereof.

588. The system of claim 573, wherein said maneuvering
mechanism can maneuver a member of a group consisting of
said at least one endoscope, said at least one surgical tool
and any combination thereof in at least three dimensions.

589. The system of claim 588, wherein each member of
a group consisting of an allowed output movement protocol,
a restricted output movement protocol and any combination
thereof of a member of a maneuverable object group con-
sisting of said at least one endoscope, said at least one
surgical tool and any combination thereof is determinable
from input movement protocols comprising historical move-
ments of said member of said maneuverable object group
according with historical movement patterns of said member
of said maneuverable object group in at least one previous
surgery.

590. The system of claim 589, wherein each member of
a group consisting of an allowed input movement protocol,
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a restricted input movement protocol and any combination
thereof comprises, stored in said communicable database,
each 3D spatial position of said member of said maneuver-
able object group according with at least two 3D spatial
positions of said member of said maneuverable object
group, such that each movement pattern of said member of
said maneuverable object group and each 3D position of said
member of said maneuverable object group according with
the same is stored; in said associated allowed output proto-
col, said allowed movements of said member of said maneu-
verable object group are movements in which the same is
located substantially in at least one of the endoscope 3D
spatial positions according with at least one said 3D move-
ment pattern, and said restricted movements are movements
in which the location of said member of said maneuverable
object group is substantially different from the n 3D spatial
positions of the same according with the n movement
patterns.

591. The system of claim 589, wherein each member of
a group consisting of an allowed output movement protocol,
a restricted output movement protocol and any combination
thereof comprises at least one rule according to which
allowed and restricted movements of said at least one
surgical tool are determined, such that each detected move-
ment by said movement detection means of said at least one
surgical tool is determined as either an allowed movement or
as a restricted movement according to said predetermined
set of rules.

592. The system of claim 591, wherein said allowed
movement is permitted by said controller and said restricted
movement is denied by said controller.

593. The system of claim 591, wherein said predeter-
mined set of rules comprises at least one rule selected from
a group consisting of: most used tool rule, right tool rule, left
tool rule, field of view rule, no fly zone rule, a route rule,
environmental rule, operator input rule, proximity rule;
collision prevention rule, history-based rule, tool-dependent
allowed and restricted movements rule, preferred volume
zone rule, preferred tool rule, movement detection rule,
tagged tool rule, change of speed rule and any combination
thereof.

594. The system of claim 591, wherein at least one of the
following is being held true (a) said route rule comprises a
communicable database storing predefined route in which
said at least one surgical tool is configured to move within
said surgical environment; said predefined route comprises
n 3D spatial positions of said at least one surgical tool; n is
an integer greater than or equal to 2; said allowed move-
ments are movements in which said at least one surgical tool
is located substantially in at least one of said n 3D spatial
positions of said predefined route, and said restricted move-
ments are movements in which said location of said at least
one surgical tool is substantially different from said n 3D
spatial positions of said predefined route; (b) said environ-
mental rule comprises a communicable database; said com-
municable database configured to receive at least one real-
time image of said surgical environment and is configured to
perform real-time image processing of the same and to
determine the 3D spatial position of hazards or obstacles in
said surgical environment; said environmental rule is con-
figured to determine said allowed and restricted movements
according to said hazards or obstacles in said surgical
environment, such that said restricted movements are move-
ments in which said at least one surgical tool is located
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substantially in at least one of said 3D spatial positions, and
said allowed movements are movements in which the loca-
tion of said at least one surgical tool is substantially different
from said 3D spatial positions; said hazards or obstacles in
said surgical environment are selected from a group con-
sisting of tissue, a surgical tool, an organ, an endoscope and
any combination thereof; (c) said operator input rule com-
prises a communicable database; said communicable data-
base is configured to receive an input from the operator of
said system regarding said allowed and restricted move-
ments of said at least one surgical tool; (d) said proximity
rule is configured to define a predetermined distance
between at least two surgical tools; said allowed movements
are movements which are within the range or out of the
range of said predetermined distance, and said restricted
movements which are out of the range or within the range of
said predetermined distance; (e) said proximity rule is
configured to define a predetermined angle between at least
three surgical tools; said allowed movements are movements
which are within the range or out of the range of said
predetermined angle, and said restricted movements which
are out of the range or within the range of said predeter-
mined angle; (f) said collision prevention rule is configured
to define a predetermined distance between said at least one
surgical tool and an anatomical element within said surgical
environment; said allowed movements are movements
which are in a range that is larger than said predetermined
distance, and said restricted movements are movements
which is in a range that is smaller than said predetermined
distance; (g) said right tool rule is configured to determine
said allowed movement of said endoscope according to the
movement of the surgical tool positioned to right of said
endoscope; further wherein said left tool rule is configured
to determine said allowed movement of said endoscope
according to the movement of the surgical tool positioned to
left of said endoscope; (h) said tagged tool rule comprises
means configured to tag at least one surgical tool within said
surgical environment and to determine said allowed move-
ment of said endoscope to constantly track the movement of
said tagged surgical tool; (i) said field of view rule comprises
a communicable database comprising n 3D spatial positions;
nis an integer greater than or equal to 2; the combination of
all of said n 3D spatial positions provides a predetermined
field of view; said field of view rule is configured to
determine said allowed movement of said endoscope within
said n 3D spatial positions so as to maintain a constant field
of view, such that said allowed movements are movements
in which said endoscope is located substantially in at least
one of said n 3D spatial positions, and said restricted
movements are movements in which the location of said
endoscope is substantially different from said n 3D spatial
positions; (j) said preferred volume zone rule comprises a
communicable database comprising n 3D spatial positions;
n is an integer greater than or equal to 2; said n 3D spatial
positions provides said preferred volume zone; said pre-
ferred volume zone rule is configured to determine said
allowed movement of said endoscope within said n 3D
spatial positions and restricted movement of said endoscope
outside said n 3D spatial positions, such that said allowed
movements are movements in which said endoscope is
located substantially in at least one of said n 3D spatial
positions, and said restricted movements are movements in
which the location of said endoscope is substantially differ-
ent from said n 3D spatial positions; (k) preferred tool rule
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comprises a communicable database, said database stores a
preferred tool; said preferred tool rule is configured to
determine said allowed movement of said endoscope to
constantly track the movement of said preferred tool; (1) said
no fly zone rule comprises a communicable database com-
prising n 3D spatial positions; n is an integer greater than or
equal to 2; said n 3D spatial positions define a predetermined
volume within said surgical environment; said no fly zone
rule is configured to determine said restricted movement if
said movement is within said no fly zone and allowed
movement if said movement is outside said no fly zone, such
that said restricted movements are movements in which said
at least one of said surgical tool is located substantially in at
least one of said n 3D spatial positions, and said allowed
movements are movements in which the location of said at
least one surgical tool is substantially different from said n
3D spatial positions; (m) said most used tool rule comprises
a communicable database counting the amount of movement
of each of said surgical tools; said most used tool rule is
configured to constantly position said endoscope to track the
movement of the most moved surgical tool; (n) said history-
based rule comprises a communicable database storing each
3D spatial position of each of said surgical tool, such that
each movement of each surgical tool is stored; said history-
based rule is configured to determine said allowed and
restricted movements according to historical movements of
said at least one surgical tool, such that said allowed
movements are movements in which said at least one
surgical tool is located substantially in at least one of said 3D
spatial positions, and said restricted movements are move-
ments in which the location of said at least one surgical tool
is substantially different from said n 3D spatial positions; (0)
said tool-dependent allowed and restricted movements rule
comprises a communicable database; said communicable
database is configured to store predetermined characteristics
of at least one of said surgical tool; said tool-dependent
allowed and restricted movements rule is configured to
determine said allowed and restricted movements according
to said predetermined characteristics of said surgical tool;
such that allowed movements as movements of said endo-
scope which tracks said surgical tool having said predeter-
mined characteristics; (p) said movement detection rule
comprises a communicable database comprising the real-
time 3D spatial positions of each of said surgical tool; said
movement detection rule is configured to detect movement
of said at least one surgical tool when a change in said 3D
spatial positions is received, such that said allowed move-
ments are movements in which said endoscope is re-directed
to focus on the moving surgical tool; and any combination
thereof.

595. The system of claim 594, wherein said system is
configured to provide an alert for said restricted movement
of said at least one surgical tool; wherein said alert is
selected from a group consisting of audio signaling, voice
signaling, light signaling, flashing signaling and any com-
bination thereof.

596. The system of claim 573, additionally comprising a
second imaging modality, configured to generate at least one
second modality image.

597. The system of claim 596, wherein said computer
program, when executed by said data processor, is config-
ured to generate an augmented reality image comprising a
rendered superposition of at least a portion of said image and
at least a portion of said at least one second modality image.
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598. The system of claim 597, wherein said second
imaging modality is selected from a group consisting of:
MRI, CT, PET, ultrasound, IR imaging, heat imaging, a still
camera, a videocamera, image-generation software, image-
manipulation software, display of stored images and any
combination thereof.

599. The system of claim 596, wherein said at least one
second modality image is provided in a manner selected
from a group consisting of: said second modality image is
real-time generated, said second modality image is a stored
image and any combination thereof.

600. The system of claim 596, wherein said second
modality image is selected from a group consisting of: a 2D
image, a 3D image and any combination thereof.

601. The system of claim 596, wherein said stored second
modality image is storable in a database in communication
with said computer program.

602. The system of claim 573, wherein said computer
program, when executed by said data processor, is config-
ured to real time generate a display image by at least one of
a group consisting of: (a) generating at least one virtual
marker at at least one predetermined position within at least
a portion of said image; (b) rendered superimposing of at
least a portion of said image and at least a portion of a
second imaging modality.

603. The system of claim 602, wherein said virtual marker
provides information selected from a group consisting of: a
distance between predetermined points, an orientation rela-
tive to a predetermined direction, an identifier, and any
combination thereof.

604. The system of claim 603, wherein said identifier
identifies a member of a group consisting of: at least one
portion of tissue of a predetermined type, a predetermined
location, a tool, and any combination thereof.

605. The system of claim 602, wherein said tissue of a
predetermined type is selected from a group consisting of:
an organ, a blood vessel, a bone, a nerve, a ligament,
abnormal tissue and any combination thereof.

606. The system of claim 573, wherein said identifier
comprises a mark of predetermined shape.

607. The system of claim 606, wherein said predeter-
mined shape is selected from a group consisting of: a word,
a geometric shape, an outline of a predetermined area, a
patch covering said predetermined area, an outline of pre-
determined shape, a patch of said predetermined shape, and
any combination thereof.

608. The system of claim 573, wherein said endoscope
further comprises a wide-angle lens at the distal end of the
same; wherein said wide-angle lens is selected from a group
consisting of: a fish-eye lens, an omnidirectional lens, and
any combination thereof.

609. The system of claim 608, additionally comprising a
light source configured to illuminate at least a portion of said
field of view and software which, when executed by said
data processor, is configured to control said light source;
further wherein said controlled light source emits a pattern
comprising a structured light pattern.

610. The system of claim 609, additionally comprising
software which, when executed by said data processor, is
configured to generate, real time, a 3D image from at least
a portion of at least one camera image generated by said
structured light pattern.

611. The system of claim 573, wherein said computer
program additionally comprises software which, when
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executed by said data processor, removes fog from at least
a portion of at least one said image.

612. The system of claim 573, wherein said computer
program additionally comprises software which, when
executed by said data processor, visually enhances at least
one of: at least a portion of a limb, at least a portion of a
blood vessel, at least a portion of an organ, at least a portion
of a bone, at least a portion of a nerve, at least a portion of
a ligament, at least a portion of abnormal tissue and any
combination thereof.

613. A system for maneuvering a surgical tool, compris-
ing:

a. at least one surgical tool,

b. at least one endoscope;

c. at least one maneuvering mechanism in active commu-
nication with said at least one surgical tool and said at
least one endoscope; said maneuvering mechanism is
configured to maneuver at least one selected from a
group consisting of said at least one surgical tool, said
at least one endoscope and any combination thereof in
at least two dimensions;

d. at least one sensor configured to indicate at least one
movement of at least one moving element;
said sensor indicates movement of said moving element

if a current 3D position or current signal, 3D, ...,
1s substantially different from a previous 3D position
or previous signal of the same, 3D, 0.

e. either a wired or wireless communicable database for
consecutively storing said 3D,,,,.,, and said 3D,
of each of said moving element; and

f. a data processor comprising a computer program in
communication with said at least one surgical tool and
said at least one maneuvering mechanism; said pro-
gram, when executed by said data processor is config-
ured to identify if said movement of said moving
element is within a predetermined protocol of input
movement;

wherein, if said detected movement of said moving ele-
ment is within said predetermined protocol of input
movement or said detected position of said moving
element is within a predetermined protocol of input
positions, then at least one of the following is being
held true:

(a) said endoscope is maneuvered by means of said
maneuvering mechanism according to a predetermined
protocol of output movement;

(b) said at least one surgical tool is maneuvered by means
of said maneuvering mechanism according to a prede-
termined protocol of output movement; and

(c) said at least one surgical tool is activated;

(d) a second surgical tool is maneuvered by means of said
maneuvering mechanism according to said at least one
output protocol;

(e) a second surgical tool is activated according to said at
least one output protocol; and,

(D any combination thereof.

614. The system of claim 613, wherein at least one of a
group consisting of said movement of said moving element,
said signal of said moving element and any combination
thereof is selected from a group consisting of: movement of
at least a portion of at least one said surgical tool, of
movement of the distal end of at least one said surgical tool,
movement of a portion of a body of at least one operator, at
least one brain signal indicating a command to move at least
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a portion of said body of said at least one operator, at least
one brain signal indicating future movement of at least a
portion of said body of said at least one operator, at least one
brain signal of said at least one operator indicating at least
one predefined future development, a sound signal, and any
combination thereof.

615. The system of claim 613, wherein said body portion
is selected from a group consisting of: at least a portion of
an arm; at least a portion of a hand; at least a portion of a
finger; at least a portion of a wrist; at least a portion of a
forearm; at least a portion of an elbow; at least a portion of
a shoulder; at least a portion of a toe; at least a portion of a
foot; at least a portion of a leg; at least a portion of a neck;
at least a portion of a chest; at least a portion of an abdomen;
at least a portion of a trunk; at least a portion of a head, an
eye; at least a portion of a mouth; at least a portion of a brain;
at least a portion of a face, and any combination thereof.

616. The system of claim 613, wherein said input move-
ment protocol is selected from a group consisting of: moving
said at least one surgical tool parallel to the X axis; moving
said at least one surgical tool parallel to the Y axis; moving
said at least one surgical tool parallel to the Z-axis; rotational
movement of said at least one surgical tool around an axis
parallel to the X axis; rotational movement of said at least
one surgical tool around an axis parallel to the Y axis;
rotational movement of said at least one surgical tool around
an axis parallel to the 7 axis; shaking said at least one
surgical tool, moving said at least one surgical tool in at least
a portion of a circle, moving said at least one surgical tool
in at least a portion of an oval, moving said at least one
surgical tool in at least a portion of an ellipse, moving said
at least one surgical tool in a straight line, moving said at
least one surgical tool in a zigzag, moving said at least one
endoscope parallel to the X axis; moving said at least one
endoscope parallel to the Y axis; moving said at least one
endoscope parallel to the Z-axis; rotational movement of
said at least one endoscope around an axis parallel to the X
axis; rotational movement of said at least one endoscope
around an axis parallel to the Y axis; rotational movement of
said at least one endoscope around an axis parallel to the 7
axis; shaking said at least one endoscope, moving said at
least one endoscope in at least a portion of a circle, moving
said at least one endoscope in at least a portion of an oval,
moving said at least one endoscope in at least a portion of
an ellipse, moving said at least one endoscope in a straight
line, moving said at least one endoscope in a zigzag, and any
combination thereof.

617. The system of claim 613, additionally comprising an
input protocol selected from a group consisting of: at least
a portion of at least one said surgical tool is positioned in a
predetermined region of said field of view; at least a portion
of at least one said surgical tool is positioned less than a
predetermined distance from an edge of said field of view;
at least a portion of at least one said surgical tool is oriented
at a predetermined angle in said field of view; there exists a
predetermined relationship between at least two articles in
said field of view and any combination thereof.

618. The system of claim 613, additionally comprising an
output protocol selected from a group consisting of: zoom-
ing at least one said endoscope inward, zooming at least one
said endoscope outward, tagging at least one said tool,
activating at least one tagged tool, deactivating at least one
tagged tool, rotating a display image, moving a center of a
field of view, saving at least one said image, storing at least
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one said image, augmenting at least one said image, select-
ing at least one said image with which to augment said
display image, establishing a predetermined relationship
between at least two articles in said field of view, maneu-
vering said at least one endoscope such that at least one said
surgical tool remains within said field of view, maneuvering
said at least one endoscope such that at least one said
surgical tool is at a center of said field of view, maneuvering
said at least one endoscope such that at least one said
surgical tool is more than a predetermined distance from said
edge of said field of view, maneuvering said at least one
endoscope such that at least one said surgical tool is between
said edge of said field of view and said predetermined
distance from aid edge of said field of view, altering zoom
of said at least one endoscope until said at least one surgical
tool at a distance from said edge of said field of view than
said predetermined distance from said edge of said field of
view and any combination thereof.

619. The system of claim 618, wherein said activation is
selected from a group consisting of: opening said at least one
surgical tool, closing said at least one surgical tool, causing
said at least one surgical tool to function, stopping said at
least one surgical tool from functioning, introducing at least
one said surgical tool to the surgical environment, removing
at least one said surgical tool from the surgical environment,
introducing at least one said endoscope to a surgical envi-
ronment, removing at least one said endoscope from a
surgical environment and any combination thereof.

620. The system of claim 613, wherein said maneuvering
mechanism can maneuver said surgical tool in at least three
dimensions.

621. The system of claim 613, wherein a relationship
between magnitude of an output movement and magnitude
of said sensor-indicated movement is selected from a group
consisting of: the magnitude of said output movement is
proportional to the magnitude of said detected; the magni-
tude of said output movement is substantially identical to the
magnitude of said detected movement; the magnitude of said
output movement is independent of the magnitude of said
detected movement and any combination thereof.

622. The system of claim 613, wherein at least one said
input movement protocol comprises an unwanted move-
ment; wherein said unwanted movement is selected from a
group consisting of: involuntary movement of a body part,
saccadic movement of an eye, winking an eye, blinking an
eye, tremor of a body part, a tic in a body part, myoclonus
of a body part, dystonia, and any combination thereof.

623. The system of claim 613, wherein said predeter-
mined output protocol, upon detection of at least one said
unwanted movement, is that movement of said surgical tool
is unaffected by said detection of said at least one unwanted
movement.

624. The system of claim 613, wherein said sensor is
selected from a group consisting of: an ultrasound sensor, an
IR sensor, a heat sensor, a pressure sensor, a current sensor,
an accelerometer, a tilt sensor, a movement sensor, a gyro-
scope, an inertial sensor, a goniometer, a magnetometer, a
thermometer, a humidity sensor, a strain sensor, a position
sensor configured to determine position of said at least one
portion of said human body; a speed sensor configured to
determine velocity of said at least one portion of said human
body; an accelerometer configured to determine acceleration
of said at least one portion of said human body; a camera and
image detection software configured to determine at least
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one of position, velocity and acceleration of said at least one
portion of said human body; an RF sensor and RF emitter
coupleable to said at least one portion of said human body
configured to determine at least one of position, velocity and
acceleration of said at least one portion of said human body;
a sound sensor and sound emitter coupleable to said at least
one portion of said human body configured to determine at
least one of position, velocity and acceleration of said at
least one portion of said human body; an electroencephalo-
graphic sensor configured to determine, from at least one
electroencephalographic pattern, at least one parameter
associated with at least one of position, velocity and accel-
eration of said at least one portion of said human body, a
sensor configured to determine, from at least one electrical
pattern in at least one muscle, at least one parameter
associated with at least one of position, velocity and accel-
eration of said at least one portion of said human body and
any combination thereof.

625. The system of claim 613, wherein said sensor is
wearable on said body; wherein said wearable sensor is
worn on a part of the body elected from a group consisting
of: at least a portion of an arm; at least a portion of a hand,
at least a portion of a finger; at least a portion of a wrist; at
least a portion of a forearm; at least a portion of an elbow;
at least a portion of a shoulder; at least a portion of a toe; at
least a portion of a foot; at least a portion of a leg;

at least a portion of a neck; at least a portion of a chest;

at least a portion of an abdomen; at least a portion of a
trunk; at least a portion of a head, an eye; at least a
portion of a mouth; at least a portion of a brain; at least
a portion of a face, and any combination thereof.

626. The system of claim 625, wherein the means of
wearing said sensor is selected from a group consisting of:
aband, a harness, a ring, a bracelet, a necklace, a belt, an arm
ring, a glove, a fingerless glove, a sleeve, a shirt, a vest, a
helmet, a collar, a headband and any combination thereof.

627. The system of claim 625, additionally comprising a
second imaging modality configured to generate at least one
second modality image.

628. The system of claim 627, wherein said computer
program, when executed by said data processor, is config-
ured to generate an augmented reality image comprising a
rendered superposition of at least a portion of said image and
at least a portion of said at least one second imaging
modality image.

629. The system of claim 627, wherein said second
imaging modality is selected from a group consisting of:
MRI, CT, PET, ultrasound, IR imaging, heat imaging, a still
camera, a videocamera, image-generation software, image-
manipulation software, display of stored images, and any
combination thereof.

630. The system of claim 627, wherein said at least one
second modality image is provided in a manner selected
from a group consisting of: said second modality image is
real-time generated, said second modality image is a stored
image and any combination thereof.

631. The system of claim 627, wherein said at least one
second modality image is a 2D image, a 3D image and any
combination thereof.

632. The system of claim 627, wherein said computer
program, when executed by said data processor, is addition-
ally configured to real time generate a display image by at
least one of a group consisting of: (a) generating at least one
virtual marker at at least one predetermined position within
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at least a portion of said image; (b) rendered superimposing

of at least a portion of said image and at least a portion of

a second imaging modality.

633. The system of claim 632, wherein said virtual marker
provides information selected from a group consisting of: a
distance between predetermined points, an orientation rela-
tive to a predetermined direction, an identifier, and any
combination thereof.

634. The system of claim 632, wherein said identifier
identifies a member of a group consisting of: at least one
portion of tissue of a predetermined type, a predetermined
location, a tool, and any combination thereof.

635. A maneuvering system, comprising:

a. at least one endoscope adapted to real-time provide at

least one image of a field of view;

b. at least one surgical tool;

c. at least one maneuvering mechanism in active commu-
nication with at least one selected from a group con-
sisting of said at least one endoscope, said at least one
surgical tool and any combination thereof;
said maneuvering mechanism is configured to maneu-

ver at least one selected from a group consisting of
said at least one endoscope, said at least one surgical
tool and any combination thereof; in at least two
dimensions;

d. a computer program which, when executed by a data
processor, is in communication with a member of a
group consisting of said at least one endoscope, said at
least one surgical tool and any combination thereof;
said program, when executed by a data processor is

configured to determine, from said image of said
field of view, an input protocol;

wherein, if said input protocol is within a predetermined
input command, at least one output command is being
activated.

636. The system of claim 635, wherein said input com-

mand is selected from a group consisting of:

a. at least one said surgical tool is maneuvered according
to an input movement protocol;

b. at least a portion of at least one said surgical tool is
positioned in a predetermined region of said field of
view;

. at least a portion of at least one said surgical tool is

positioned less than a predetermined distance from an

edge of said field of view;

at least a portion of at least one said surgical tool is

oriented at a predetermined angle in said field of view;

at least one said surgical tool is activated,

at least one said surgical tool is deactivated;

at least one said surgical tool is articulated,

. at least one said endoscope is maneuvered according to

an input movement protocol;

1. at least one said endoscope is articulated,;

J- at least one said endoscope is zoomed;

k. at least one said endoscope is activated;

1. at least one said endoscope is deactivated,

m. at least a portion of a second endoscope is positioned
in a predetermined region of said field of view;

n. at least a portion of a second endoscope is positioned
less than a predetermined distance from an edge of said
field of view;

0. at least a portion of a second endoscope is oriented at

a predetermined angle in said field of view;
. a relationship between at least two articles; and
q. any combination thereof.
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637. The system of claim 636, wherein said input move-
ment protocol is selected from a group consisting of: moving
said at least one surgical tool parallel to the X axis; moving
said at least one surgical tool parallel to the Y axis; moving
said at least one surgical tool parallel to the Z-axis; rotational
movement of said at least one surgical tool around an axis
parallel to the X axis; rotational movement of said at least
one surgical tool around an axis parallel to the Y axis;
rotational movement of said at least one surgical tool around
an axis parallel to the Z axis; shaking said at least one
surgical tool, moving said at least one surgical tool in at least
a portion of a circle, moving said at least one surgical tool
in at least a portion of an oval, moving said at least one
surgical tool in at least a portion of an ellipse, moving said
at least one surgical tool in a straight line, moving said at
least one surgical tool in a zigzag, moving said at least one
endoscope parallel to the X axis; moving said at least one
endoscope parallel to the Y axis; moving said at least one
endoscope parallel to the Z-axis; rotational movement of
said at least one endoscope around an axis parallel to the X
axis; rotational movement of said at least one endoscope
around an axis parallel to the Y axis; rotational movement of
said at least one endoscope around an axis parallel to the 7
axis; shaking said surgical tool, moving said at least one
endoscope in at least a portion of a circle, moving said at
least one endoscope in at least a portion of an oval, moving
said at least one endoscope in at least a portion of an ellipse,
moving said at least one endoscope in a straight line, moving
said at least one endoscope in a zigzag, and any combination
thereof.

638. The system of claim 636, wherein said activation is
selected from a group consisting of: opening said at least one
surgical tool, closing said at least one surgical tool, causing
said at least one surgical tool to function, stopping said at
least one surgical tool from functioning, introducing at least
one said surgical tool to the surgical environment, removing
at least one said surgical tool from the surgical environment,
introducing at least one said endoscope to a surgical envi-
ronment, removing at least one said endoscope from a
surgical environment and any combination thereof.

639. The system of claim 635, wherein said output
command is selected from a group consisting of:

a. said at least one surgical tool is maneuvered according

to an output movement protocol;

b. at least a portion of at least one said surgical tool is
repositioned to a predetermined region of said field of
view;

. at least a portion of at least one said surgical tool is

oriented at a predetermined angle in said field of view;

said at least one surgical tool is activated;

at least one said surgical tool is deactivated;

in at least one said surgical tool, at least one of a group

consisting of an articulation angle, an articulation

length and any combination thereof is altered,

g. at least one said surgical tool is tagged;

h. at least one said surgical tool is tracked,

1. a second surgical tool is maneuvered according to said
at least one output protocol;

j- a second surgical tool is activated;
k. a second surgical tool is deactivated,

l. in a second surgical tool, at least one of a group
consisting of an articulation angle, an articulation
length and any combination thereof is altered,
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m. at least one said endoscope is maneuvered according
to an output movement protocol;

n. in at least one said endoscope, at least one of a group
consisting of an articulation angle, an articulation
length and any combination thereof is altered,

0. at least one said endoscope is zoomed;

p. at least one said endoscope is activated,

q. at least one said endoscope is deactivated;

r. at least a portion of a second endoscope is positioned in
a predetermined region of said field of view;

s. at least a portion of of a second endoscope is positioned
less than a predetermined distance from an edge of said
field of view;

t. a second endoscope is tagged;

u. a second endoscope is tracked;

v. at least a portion of an organ is tagged;

w. at least a portion of a body structure is tagged;

x. a relationship between at least two articles; and

y. any combination thereof.

640. The system of claim 639, wherein said output
movement protocol is selected from a group consisting of:
moving said at least one surgical tool parallel to the X axis;
moving said at least one surgical tool parallel to the Y axis;
moving said at least one surgical tool parallel to the Z-axis;
rotational movement of said at least one surgical tool around
an axis parallel to the X axis; rotational movement of said at
least one surgical tool around an axis parallel to the Y axis;
rotational movement of said at least one surgical tool around
an axis parallel to the 7 axis; shaking said at least one
surgical tool, moving said at least one surgical tool in at least
a portion of a circle, moving said at least one surgical tool
in at least a portion of an oval, moving said at least one
surgical tool in at least a portion of an ellipse, moving said
at least one surgical tool in a straight line, moving said at
least one surgical tool in a zigzag, moving said endoscope
parallel to the X axis; moving said endoscope parallel to the
Y axis; moving said endoscope parallel to the Z-axis;
rotational movement of said endoscope around an axis
parallel to the X axis; rotational movement of said endo-
scope around an axis parallel to the Y axis; rotational
movement of said endoscope around an axis parallel to the
7, axis; shaking said at least one surgical tool, moving said
endoscope in at least a portion of a circle, moving said
endoscope in at least a portion of an oval, moving said
endoscope in at least a portion of an ellipse, moving said
endoscope in a straight line, moving said endoscope in a
zigzag, an allowed movement, a restricted movement and
any combination thereof.

641. The system of claim 639, wherein said output
protocol is selected from a group consisting of: said at least
one endoscope is maneuvered such that at least one said
surgical tool remains within said field of view, said at least
one endoscope is maneuvered such that at least one said
surgical tool is at a center of said field of view, said at least
one endoscope is maneuvered such that at least one said
surgical tool is more than a predetermined distance from said
edge of said field of view, said at least one endoscope is
maneuvered such that at least one said surgical tool is
between said edge of said field of view and said predeter-
mined distance from aid edge of said field of view, zoom of
said at least one endoscope is altered until said at least one
surgical tool at a distance from said edge of said field of view
than said predetermined distance from said edge of said field
of view and any combination thereof.
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642. The system of claim 641, wherein said activation of
said at least one surgical tool is selected from a group
consisting of: opening said at least one surgical tool, closing
said at least one surgical tool, causing said at least one
surgical tool to said surgical, stopping said at least one
surgical tool from functioning and any combination thereof.
643. A system for maneuvering a surgical tool, compris-
ing:
a. at least one surgical tool;
b. at least one endoscope;
c. at least one maneuvering mechanism in active commu-
nication with said at least one surgical tool and said at
least one endoscope; said maneuvering mechanism is
configured to maneuver said at least one surgical tool in
at least two dimensions;
. at least one sensor configured to indicate a member of
a group consisting of: movement of at least one moving
element, position of at least one moving element, and
any combination thereof;
said sensor indicates said position of said moving
element via a current 3D position or current signal,
SDCHVVE"[; and

said sensor indicates said movement of said moving
element if said current 3D position or current signal,
3D, 0 18 substantially different from at least one
previous 3D position or previous signal of the same,
3Dprevious;

. either a wired or wireless communicable database for
storing said 3D_,,,,.,,, for each said moving element,
and, to indicate movement, consecutively storing said
3D, en, @nd said 3D, of each of said moving
element; and

. a data processor comprising a computer program in
communication with said at least one surgical tool and
said at least one maneuvering mechanism; said pro-
gram, when executed by said data processor is config-
ured to identify at least one of a group consisting of:
said movement of said moving element is within a
predetermined input protocol; said position of said
moving element is within a predetermined input pro-
tocol and any combination thereof;

wherein, if said input command is within a predetermined

input protocol, at least one output command is being
activated.

644. The system of claim 643, wherein said input com-
mand is selected from a group consisting of:

a. at least one said surgical tool is maneuvered according
to an input movement protocol;
at least a portion of at least one said surgical tool is
positioned in a predetermined region of said field of
view;

. at least a portion of at least one said surgical tool is

positioned less than a predetermined distance from an

edge of said field of view;

at least a portion of at least one said surgical tool is

oriented at a predetermined angle in said field of view;

at least one said surgical tool is activated;

at least one said surgical tool is deactivated;
at least one said surgical tool is articulated;

at least one said endoscope is maneuvered according to

an input movement protocol;

1. at least one said endoscope is articulated:

j. at least one said endoscope is zoomed,

k. at least one said endoscope is activated;

b.
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1. at least one said endoscope is deactivated;

m. at least a portion of a second endoscope is positioned

in a predetermined region of said field of view;

at least a portion of a second endoscope is positioned

less than a predetermined distance from an edge of said

field of view;

. at least a portion of a second endoscope is oriented at
a predetermined angle in said field of view;

p. a relationship between at least two articles; and

q. any combination thereof.

645. The system of claim 644, wherein said input move-
ment protocol is selected from a group consisting of: moving
said at least one surgical tool parallel to the X axis; moving
said at least one surgical tool parallel to the Y axis; moving
said at least one surgical tool parallel to the Z-axis; rotational
movement of said at least one surgical tool around an axis
parallel to the X axis; rotational movement of said at least
one surgical tool around an axis parallel to the Y axis;
rotational movement of said at least one surgical tool around
an axis parallel to the 7 axis; shaking said at least one
surgical tool, moving said at least one surgical tool in at least
a portion of a circle, moving said at least one surgical tool
in at least a portion of an oval, moving said at least one
surgical tool in at least a portion of an ellipse, moving said
at least one surgical tool in a straight line, moving said at
least one surgical tool in a zigzag, moving said at least one
endoscope parallel to the X axis; moving said at least one
endoscope parallel to the Y axis; moving said at least one
endoscope parallel to the Z-axis; rotational movement of
said at least one endoscope around an axis parallel to the X
axis; rotational movement of said at least one endoscope
around an axis parallel to the Y axis; rotational movement of
said at least one endoscope around an axis parallel to the Z
axis; shaking said surgical tool, moving said at least one
endoscope in at least a portion of a circle, moving said at
least one endoscope in at least a portion of an oval, moving
said at least one endoscope in at least a portion of an ellipse,
moving said at least one endoscope in a straight line, moving
said at least one endoscope in a zigzag, and any combination
thereof.

646. The system of claim 643, wherein said activation is
selected from a group consisting of: opening said at least one
surgical tool, closing said at least one surgical tool, causing
said at least one surgical tool to function, stopping said at
least one surgical tool from functioning, introducing at least
one said surgical tool to the surgical environment, removing
at least one said surgical tool from the surgical environment,
introducing at least one said endoscope to a surgical envi-
ronment, removing at least one said endoscope from a
surgical environment and any combination thereof.

647. The system of claim 644, wherein said output
command is selected from a group consisting of:

a. said at least one surgical tool is maneuvered according

to an output movement protocol;

b. at least a portion of at least one said surgical tool is
repositioned to a predetermined region of said field of
view;

c. at least a portion of at least one said surgical tool is
oriented at a predetermined angle in said field of view;

d. said at least one surgical tool is activated,

e. at least one said surgical tool is deactivated;

f. in at least one said surgical tool, at least one of a group
consisting of an articulation angle, an articulation
length and any combination thereof is altered,

n.
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g. at least one said surgical tool is tagged,

h. at least one said surgical tool is tracked,;

i. a second surgical tool is maneuvered according to said
at least one output protocol;

j- a second surgical tool is activated;

k. a second surgical tool is deactivated;

1. in a second surgical tool, at least one of a group
consisting of an articulation angle, an articulation
length and any combination thereof is altered,

m. at least one said endoscope is maneuvered according
to an output movement protocol;

n. in at least one said endoscope, at least one of a group
consisting of an articulation angle, an articulation
length and any combination thereof is altered,

0. at least one said endoscope is zoomed,

p. at least one said endoscope is activated;

q. at least one said endoscope is deactivated;

r. at least a portion of a second endoscope is positioned in
a predetermined region of said field of view;

s. at least a portion of of a second endoscope is positioned
less than a predetermined distance from an edge of said
field of view;

t. a second endoscope is tagged;

u. a second endoscope is tracked;

v. at least a portion of an organ is tagged,

w. at least a portion of a body structure is tagged;

x. a relationship between at least two articles; and

y. any combination thereof.

648. The system of claim 647, wherein said output
movement protocol is selected from a group consisting of:
moving said at least one surgical tool parallel to the X axis;
moving said at least one surgical tool parallel to the Y axis;
moving said at least one surgical tool parallel to the Z-axis;
rotational movement of said at least one surgical tool around
an axis parallel to the X axis; rotational movement of said at
least one surgical tool around an axis parallel to the Y axis;
rotational movement of said at least one surgical tool around
an axis parallel to the 7 axis; shaking said at least one
surgical tool, moving said at least one surgical tool in at least
a portion of a circle, moving said at least one surgical tool
in at least a portion of an oval, moving said at least one
surgical tool in at least a portion of an ellipse, moving said
at least one surgical tool in a straight line, moving said at
least one surgical tool in a zigzag, moving said endoscope
parallel to the X axis; moving said endoscope parallel to the
Y axis; moving said endoscope parallel to the Z-axis;
rotational movement of said endoscope around an axis
parallel to the X axis; rotational movement of said endo-
scope around an axis parallel to the Y axis; rotational
movement of said endoscope around an axis parallel to the
7 axis; shaking said at least one surgical tool, moving said
endoscope in at least a portion of a circle, moving said
endoscope in at least a portion of an oval, moving said
endoscope in at least a portion of an ellipse, moving said
endoscope in a straight line, moving said endoscope in a
zigzag, an allowed movement, a restricted movement and
any combination thereof.

649. The system of claim 648, wherein said output
protocol is selected from a group consisting of: said at least
one endoscope is maneuvered such that at least one said
surgical tool remains within said field of view, said at least
one endoscope is maneuvered such that at least one said
surgical tool is at a center of said field of view, said at least
one endoscope is maneuvered such that at least one said
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surgical tool is more than a predetermined distance from said
edge of said field of view, said at least one endoscope is
maneuvered such that at least one said surgical tool is
between said edge of said field of view and said predeter-
mined distance from aid edge of said field of view, zoom of
said at least one endoscope is altered until said at least one
surgical tool at a distance from said edge of said field of view
than said predetermined distance from said edge of said field
of view and any combination thereof.

650. The system of claim 647, wherein said activation of
said at least one surgical tool is selected from a group
consisting of: opening said at least one surgical tool, closing
said at least one surgical tool, causing said at least one
surgical tool to said surgical, stopping said at least one
surgical tool from functioning and any combination thereof.

651. The system of claim 650, wherein movement of said
at least one moving element is indicatable by a member of
a group consisting of: movement of at least a portion of at
least one said surgical tool, movement of the distal end of at
least one said surgical tool, movement of at least a portion
of at least one said endoscope; movement of a portion of a
body of at least one operator, at least one brain signal
indicating movement of at least a portion of said body of
said at least one operator, at least one brain signal indicating
future movement of at least a portion of said body of said at
least one operator, at least one brain signal of said at least
one operator indicating at least one predefined future devel-
opment, a sound signal resulting from movement of at least
a portion of said body of said at least one operator, and any
combination thereof.

652. The system of claim 651, wherein said body portion
is selected from a group consisting of: at least a portion of
an arm; at least a portion of a hand; at least a portion of a
finger; at least a portion of a wrist; at least a portion of a
forearm; at least a portion of an elbow; at least a portion of
a shoulder; at least a portion of a toe; at least a portion of a
foot; at least a portion of a leg; at least a portion of a neck;
at least a portion of a chest; at least a portion of an abdomen;
at least a portion of a trunk; at least a portion of a head, an
eye; at least a portion of a mouth; at least a portion of a brain;
at least a portion of a face and any combination thereof.
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653. The system of claim 643, additionally comprising a
second imaging modality, configured to generate at least one
second modality image.

654. The system of claim 653, wherein said computer
program, when executed by said data processor, is config-
ured to generate an augmented reality image comprising a
rendered superposition of at least a portion of said image and
at least a portion of said at least one second modality image.

655. The system of claim 653, wherein said second
imaging modality is selected from a group consisting of:
MRI, CT, PET, ultrasound, IR imaging, heat imaging, a still
camera, a videocamera, image-generation software, image-
manipulation software, display of stored images and any
combination thereof.

656. The system of claim 653, wherein said at least one
second modality image is provided in a manner selected
from a group consisting of: said second modality image is
real-time generated, said second modality image is a stored
image and any combination thereof.

657. The system of claim 653, wherein said second
modality image is selected from a group consisting of: a 2D
image, a 3D image and any combination thereof.

658. The system of claim 643, wherein said computer
program, when executed by said data processor, is config-
ured to real time generate a display image by at least one of
a group consisting of: (a) generating at least one virtual
marker at at least one predetermined position within at least
a portion of said image; (b) rendered superimposing of at
least a portion of said image and at least a portion of a
second imaging modality.

659. The system of claim 658, wherein said virtual marker
provides information selected from a group consisting of: a
distance between predetermined points, an orientation rela-
tive to a predetermined direction, an identifier, and any
combination thereof.

660. The system of claim 659, wherein said identifier
identifies a member of a group consisting of: at least one
portion of tissue of a predetermined type, a predetermined
location, a tool, and any combination thereof.
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