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DEVICE AND METHOD FOR ASSISTING
LAPAROSCOPIC SURGERY - RULE BASED
APPROACH

FIELD OF THE INVENTION

[0001] Thepresentinvention generally relates to means and
methods for improving the interface between the surgeon and
the operating medical assistant or between the surgeon and an
endoscope system for laparoscopic surgery. Moreover, the
present invention discloses a device useful for spatially repo-
sitioning an endoscope to a specific region in the human body
during surgery.

BACKGROUND OF THE INVENTION

[0002] In laparoscopic surgery, the surgeon performs the
operation through small holes using long instruments and
observing the internal anatomy with an endoscope camera.
The endoscope is conventionally held by a human camera
assistant (i.e. operating medical assistant) since the surgeon
must perform the operation using both hands. The surgeon’s
performance is largely dependent on the camera position
relative to the instruments and on a stable image shown by the
monitor. The main problem is that it is difficult for the oper-
ating medical assistant to hold the endoscope steady, keeping
the scene upright.

[0003] 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 for the surgeon or gynecologist and the the-
atre nursing staff. The equipment is often expensive and is not
available in all hospitals.

[0004] During laparoscopic surgery, it is often required to
shift the spatial placement of the endoscope in order to
present the surgeon with an optimal view. Conventional lap-
aroscopic surgery makes use of either human assistants that
manually shift the instrumentation or, alternatively, robotic
automated assistants. Automated assistants utilize interfaces
that enable the surgeon to direct the mechanical movement of
the assistant, achieving a shift in the camera view.

[0005] 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:

[0006] a. A single directional interface that provide lim-
ited feedback to the surgeon.

[0007] b.A cumbersome serial operation for starting and
stopping movement directions that requires the sur-
geon’s constant attention, preventing the surgeon from
keeping the flow of the surgical procedure.

[0008] Research has suggested that these systems divert the
surgeon’s focus from the major task at hand. Therefore, tech-
nologies assisted by magnets and image processing have been
developed to simplify interfacing control. However, these
improved technologies still fail to address another complicat-
ing interface aspect of laparoscopic surgery, in that they do
not allow the surgeon to signal, to automated assistants or to
human assistants or to surgical colleagues, which instrument
his attention is focused on.

Jun. 12,2014

[0009] Hence, there is still a long felt need for a improving
the interface between the surgeon and an endoscope system,
surgical colleagues or human assistants for laparoscopic sur-

gery.
SUMMARY OF THE INVENTION

[0010] Ttis one object of the present invention to provide a
surgical controlling system, comprising:

[0011] a. at least one surgical tool adapted to be inserted
into a surgical environment of a human body for assist-
ing a surgical procedure;

[0012] b. at least one location estimating means adapted
to real rime locate the 3D spatial position of the at least
one surgical tool at any given time t;

[0013] c. at least one movement detection means com-
municable with a movement’s database and with said
location estimating means; said movement’s database is
adapted to store said 3D spatial position of said at least
one surgical tool at time t,and at time t,; where t>1,; said
movement detection means is adapted to detect move-
ment of said at least one surgical tool if the 3D spatial
position of said at least one surgical tool at time t,is
different than said 3D spatial position of said at least one
surgical tool at time t,; and,

[0014] d. a controller having a processing means com-
municable with a controller’s database, the controller
adapted to control the spatial position of the at least one
surgical tool; said controller’s database is in communi-
cation with said movement detection means;

[0015] wherein the controller’s database is adapted to
store a predetermined set of rules according to which
ALLOWED and RESTRICTED movements of the at
least one surgical tool are determined, such that each
detected movement by said movement detection means
of said at least one surgical tool is determined as either
an ALLOWED movement or as a RESTRICTED move-
ment according to said predetermined set of rules.

[0016] It is another object of the present invention to pro-
vide the surgical controlling system as defined above,
wherein the predetermined 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,
route rule, environmental rule, operator input rule, proximity
rule; collision prevention rule, history-based rule, tool-de-
pendent allowed and RESTRICTED movements rule, pre-
ferred volume zone rule, preferred tool rule, a movement
detection rule, tagged tool rule and any combination thereof.
[0017] Itis another object of the present invention to pro-
vide the surgical controlling system as defined above,
wherein the route rule comprises a communicable database
storing predefined route in which the at least one surgical tool
1s adapted to move within the surgical environment; the pre-
defined route comprises n 3D spatial positions of the at least
one surgical tool; n is an integer greater than or equals to 2; the
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 the
RESTRICTED movements are moverments in which the loca-
tion of the at least one surgical tool is substantially different
from the n 3D spatial positions of the predefined route.

[0018] It is another object of the present invention to pro-
vide the surgical controlling system as defined above,
wherein the environmental rule comprises a comprises a com-
municable database; the communicable database is adapted
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to received real-time image of the surgical environment and is
adapted 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 adapted to determine the ALLOWED and RESTRICTED
movements according to the hazards or obstacles in the sur-
gical environment, such that the RESTRICTED movements
are movements in which the at least one surgical tool is
located substantially in at least one of the 3D spatial positions,
and the ALLOWED movements are movements in which the
location of the at least one surgical tool is substantially dif-
ferent from the 3D spatial positions.

[0019] It is another object of the present invention to pro-
vide the surgical controlling system as defined above,
wherein the hazards or obstacles in the surgical environment
are selected from a group consisting of tissue, a surgical tool,
an organ, an endoscope and any combination thereof.
[0020] It is another object of the present invention to pro-
vide the surgical controlling system as defined above,
wherein the operator input rule comprises a communicable
database; the communicable database is adapted to receive an
input from the operator of the system regarding the
ALLOWED and RESTRICTED movements of the at least
one surgical tool.

[0021] It is another object of the present invention to pro-
vide the surgical controlling system as defined above,
wherein the input comprises n 3D spatial positions; n is an
integer greater than or equals to 2; wherein at least one of
which is defined as ALLOWED location and at least one of
which is defined as 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
n3D 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.
[0022] 1t is another object of the present invention to pro-
vide the surgical controlling system as defined above,
wherein the input comprises 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.

[0023] It is another object of the present invention to pro-
vide the surgical controlling system as defined above,
wherein the predetermined set of rules comprises at least one
rule selected from the group consisting of: most used tool,
right tool rule, left tool rule, field of view rule, no fly zone rule,
a route rule, an environmental rule, an operator input rule, a
proximity rule; a collision prevention rule, preferred volume
zone rule, movement detection rule, a history based rule, a
tool-dependent allowed and RESTRICTED movements rule,
and any combination thereof.

[0024] It is another object of the present invention to pro-
vide the surgical controlling system as defined above,
wherein the operator input rule converts an ALLOWED
movement to a RESTRICTED movement and a
RESTRICTED movement to an ALLOWED movement.
[0025] It is another object of the present invention to pro-
vide the surgical controlling system as defined above,
wherein the proximity rule is adapted to define a predeter-
mined distance between at least two surgical tools; the
ALLOWED movements are movements which are within the
range or out of the range of the predetermined distance, and
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the RESTRICTED movements which are out of the range or
within the range of the predetermined distance.

[0026] It is another object of the present invention to pro-
vide the surgical controlling system as defined above,
wherein the proximity rule is adapted to define a predeter-
mined angle between at least three surgical tools; the
ALLOWED movements are movements which are within the
range or out of the range of the predetermined angle, and the
RESTRICTED movements which are out of the range or
within the range of the predetermined angle.

[0027] Itis another object of the present invention to pro-
vide the surgical controlling system as defined above,
wherein the collision prevention rule is adapted to define a
predetermined distance between the at least one surgical tool
and an anatomical element within the surgical environment;
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.

[0028] It is another object of the present invention to pro-
vide the surgical controlling system as defined above,
wherein the anatomical element is selected from a group
consisting of tissue, organ, another surgical tool or any com-
bination thereof.

[0029] It is another object of the present invention to pro-
vide the surgical controlling system as defined above,
wherein at least one of the following is being held true (a) said
system additionally comprising an endoscope; said endo-
scope is adapted to provide real-time image of said surgical
environment; (b) at least one of said surgical tools is an
endoscope adapted to provide real-time image of said surgical
environment.

[0030] It is another object of the present invention to pro-
vide the surgical controlling system as defined above,
wherein the right tool rule is adapted to determine the
ALLOWED movement of the endoscope according to the
movement of the surgical tool positioned to right of the endo-
scope.

[0031] It is another object of the present invention to pro-
vide the surgical controlling system as defined above,
wherein the left tool rule is adapted to determine the
ALLOWED movement of the endoscope according to the
movement of the surgical tool positioned to left of the endo-
scope.

[0032] Tt is another object of the present invention to pro-
vide the surgical controlling system as defined above, said a
tagged tool rule comprises means adapted to tag at least one
surgical tool within said surgical environment and to deter-
mine said ALLOWED movement of said endoscope accord-
ing to the movement of said tagged surgical tool.

[0033] It is another object of the present invention to pro-
vide the surgical controlling system as defined above,
wherein the field of view rule comprises a communicable
database comprising n 3D spatial positions; n is an integer
greater than or equals to 2; the combination of all of the n 3D
spatial positions provides a predetermined field of view; the
field of view rule is adapted to determine the ALLOWED
movement of the endoscope 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 endo-
scopeis 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 differ-
ent from the n 3D spatial positions.
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[0034] Tt is another object of the present invention to pro-
vide the surgical controlling system as defined above,
wherein the preferred volume zone rule comprises a commu-
nicable database comprising n 3D spatial positions; n is an
integer greater than or equals to 2; the n 3D spatial positions
provides the preferred volume zone; the preferred volume
zone rule is adapted 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 loca-
tion of the endoscope is substantially different from the n 3D
spatial positions.

[0035] It is another object of the present invention to pro-
vide the surgical controlling system as defined above,
wherein the preferred tool rule comprises a communicable
database, the database stores a preferred tool; the preferred
tool rule is adapted to determine the ALLOWED movement
of the endoscope according to the movement of the preferred
tool.

[0036] It is another object of the present invention to pro-
vide the surgical controlling system as defined above,
wherein the no fly zone rule comprises a communicable data-
base comprising n 3D spatial positions; n is an integer greater
than or equals to 2; the n 3D spatial positions define a prede-
termined volume within the surgical environment; the no fly
zone rule is adapted to determine the RESTRICTED move-
ment if the movement is within the no fly zone and the
ALLOWED movement if the movement is outside the no fly
zone, such that the RESTRICTED movements are move-
ments in which the at least one of the 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 dif-
ferent from then 3D spatial positions.

[0037] It is another object of the present invention to pro-
vide the surgical controlling system as defined above,
wherein the most used tool rule comprises a communicable
database counting the amount of movement of each of the
surgical tools; the most used tool rule is adapted to constantly
position the endoscope to track the movement of the most
moved surgical tool.

[0038] It is another object of the present invention to pro-
vide the surgical controlling system as defined above,
wherein said system further comprising a maneuvering sub-
system communicable with said controller, said maneuvering
subsystem is adapted to spatially reposition said at least one
surgical tool during a surgery according to said predeter-
mined set of rules; further wherein the system is adapted to
alert the physician of a RESTRICTED movements of the at
least one surgical tool.

[0039] It is another object of the present invention to pro-
vide the surgical controlling system as defined above,
wherein the alert is selected from a group consisting of audio
signaling, voice signaling, light signaling, flashing signaling
and any combination thereof.

[0040] It is another object of the present invention to pro-
vide the surgical controlling system as defined above,
wherein the ALLOWED movement is permitted by the con-
troller and a RESTRICTED movement is denied by the con-
troller.
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[0041] Tt is another object of the present invention to pro-
vide the surgical controlling system as defined above,
wherein the history based rule comprises a communicable
database storing each 3D spatial position of each of the sur-
gical tool, such that each movement of each surgical tool is
stored; the history based rule is adapted to determine the
ALLOWED and RESTRICTED movements according to
historical movements of the at least one surgical tool, such
that the ALLOWED movements are movements in which the
atleast one surgical tool is located substantially in at least one
of the 3D spatial positions, and the RESTRICTED move-
ments are movements in which the location of the at least one
surgical tool is substantially different from the n 3D spatial
positions.

[0042] It is another object of the present invention to pro-
vide the surgical controlling system as defined above,
wherein the tool-dependent allowed and RESTRICTED
movements rule comprises a communicable database; the
communicable database is adapted to store predetermined
characteristics of at least one of the surgical tool; the tool-
dependent allowed and RESTRICTED movements rule is
adapted to determine the ALLOWED and RESTRICTED
movements according to the predetermined characteristics of
the surgical tool.

[0043] It is another object of the present invention to pro-
vide the surgical controlling system as defined above,
wherein the predetermined characteristics of the surgical tool
are selected from the group consisting of: physical dimen-
sions, structure, weight, sharpness, and any combination
thereof.

[0044] It is another object of the present invention to pro-
vide the surgical controlling system as defined above,
wherein the movement detection rule comprises a communi-
cable database comprising the real-time 3D spatial positions
of each of the surgical tool; and to detect movement of the at
least one surgical tool when a change in the 3D spatial posi-
tions is received, such that the ALLOWED movements are
movements in which the endoscope is directed to focus on the
moving surgical tool.

[0045] It is another object of the present invention to pro-
vide the surgical controlling system as defined above, further
comprising a maneuvering subsystem communicable with
the controller, the maneuvering subsystem is adapted to spa-
tially reposition the at least one surgical tool during a surgery
according to the predetermined set of rules, such that if said
movement ofsaid at least one surgical tool isa RESTRICTED
movement, said maneuvering subsystem prevents said move-
ment.

[0046] Tt is another object of the present invention to pro-
vide the surgical controlling system as defined above,
wherein the at least one location estimating means comprises
at least one endoscope adapted to acquire real-time images of
the surgical environment within the human; and at least one
surgical instrument spatial location software adapted to
receive said real-time images of said surgical environment
and to estimate said 3D spatial position of said at least one
surgical tool.

[0047] It is another object of the present invention to pro-
vide the surgical controlling system as defined above,
wherein the at least one location estimating means are com-
prises (a) at least one element selected from a group consist-
ing of optical imaging means, radio frequency transmitting
and receiving means, at least one mark on the at least one
surgical tool and any combination thereof; and, (b) at least
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one surgical instrument spatial location software adapted to
estimate said 3D spatial position of said at least one surgical
tool by means of said element.
[0048] It is another object of the present invention to pro-
vide the surgical controlling system as defined above,
wherein the at least one location estimating means are an
interface subsystem between a surgeon and the at least one
surgical tool, the interface subsystem comprises:
[0049] a. at least one array comprising N regular or pat-
tern light sources, where N is a positive integer;
[0050] b. at least one array comprising M cameras, each
of the M cameras, where M is a positive integer;

[0051] c. optional optical markers and means for attach-
ing the optical marker to the at least one surgical tool;
and;

[0052] d.acomputerized algorithm operable via the con-

troller, the computerized algorithm adapted to record
images received by each camera of each of the M cam-
eras and to calculate therefrom the position of each of the
tools, and further adapted to provide automatically the
results of the calculation to the human operator of the
interface.

[0053] It is another object of the present invention to pro-

vide a method for assisting an operator to perform a surgical

procedure, comprising steps of:

[0054] a. providing a surgical controlling system, com-
prising: (i) at least one surgical tool; (ii) at least one
location estimating means; (iii) at least one movement
detection means; and, (iv) a controller having a process-
ing means communicable with a controller’s database;

[0055] b. inserting the at least one surgical tool into a
surgical environment of a human body;

[0056] c. real-time estimating the location of the at least
one surgical tool within the surgical environment at any
given time t; and,

[0057] d. detecting if there is movement of said at least
one surgical tool if the 3D spatial position of said at least
one surgical tool at time t, i3 different than said 3D
spatial position of said at least one surgical tool at time
{3

[0058] e. controlling the spatial position of the at least
one surgical tool within the surgical environment by
means of the controller;

[0059] wherein the step of controlling is petformed by
storing a predetermined set of rules in a controller’s
database; said predetermined set of rules comprises
ALLOWED and RESTRICTED movements of the at
least one surgical tool, 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.

[0060] It is another object of the present invention to pro-
vide the method as defined above, further comprisinga step of
selecting the predetermined set of rules from the group con-
sisting of: most used tool, right tool rule, left tool rule, field of
view rule, no fly zone rule, a route rule, an environmental rule,
an operator input rule, a proximity rule; a collision prevention
rule, preferred volume zone rule, preferred tool rule, move-
ment detection rule, a history based rule, a tool-dependent
allowed and RESTRICTED movements rule, tagged tool rule
and any combination thereof.

[0061] It is another object of the present invention to pro-
vide the method as defined above, wherein the route rule
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comprises a communicable database storing predefined route
in which the at least one surgical tool is adapted to move
within the surgical environment; the predefined route com-
prises n 3D spatial positions of the at least one surgical tool;
n is an integer greater than or equals to 2; the 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 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 of the predefined route.

[0062] It is another object of the present invention to pro-
vide the method as defined above, wherein the environmental
rule comprises a comprises a communicable database; the
communicable database is adapted to received real-time
image of the surgical environment and is adapted 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 adapted to determine
the ALLOWED and RESTRICTED movements according to
the hazards or obstacles in the surgical environment, such that
the RESTRICTED movements are movements in which the
atleast one surgical tool is located substantially in at least one
of the 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 3D spatial
positions.

[0063] It is another object of the present invention to pro-
vide the method as defined above, wherein the hazards or
obstacles in the surgical environment are selected from a
group consisting of tissue, a surgical tool, an organ, an endo-
scope and any combination thereof

[0064] It is another object of the present invention to pro-
vide the method as defined above, wherein the operator input
rule comprises a communicable database; the communicable
database is adapted to receive an input from the operator of
the system regarding the ALLOWED and RESTRICTED
movements of the at least one surgical tool.

[0065] It is another object of the present invention to pro-
vide the method as defined above, wherein the input com-
prises n 3D spatial positions; n is an integer greater than or
equals to 2; wherein at least one of which is defined as
ALLOWED location and at least one of which is defined as
RESTRICTED location, such that the ALLOWED move-
ments are movements in which the at least one surgical tool is
located substantially in at least one of the n 3D spatial posi-
tions, and the RESTRICTED movements are movements in
which the location of the at least one surgical tool is substan-
tially different from the n 3D spatial positions.

[0066] It is another object of the present invention to pro-
vide the method as defined above, wherein the input com-
prises at least one predetermined 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 move-
ments.

[0067] Itis another object of the present invention to pro-
vide the method as defined above, wherein the predetermined
rules is selected from the group consisting of: most used tool,
right tool rule, left tool rule, field of view rule, no fly zone rule,
preferred volume zone rule, a route rule, an environmental
rule, an operator input rule, a proximity rule; a collision
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prevention rule, a history based rule, a tool-dependent
allowed and RESTRICTED movements rule, and any com-
bination thereof

[0068] It is another object of the present invention to pro-
vide the method as defined above, wherein the operator input
rule converts an ALLOWED movement to a RESTRICTED
movementand a RESTRICTED movement to an ALLOWED
movement.

[0069] It is another object of the present invention to pro-
vide the method as defined above, wherein the proximity rule
is adapted to define a predetermined distance between at least
two surgical tools; the ALLOWED movements are move-
ments 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 prede-
termined distance.

[0070] It is another object of the present invention to pro-
vide the method as defined above, wherein the proximity rule
is adapted to define a predetermined angle between at least
three surgical tools; the ALLOWED movements are move-
ments which are within the range or out of the range of the
predetermined angle, and the RESTRICTED movements
which are out of the range or within the range of the prede-
termined angle

[0071] It is another object of the present invention to pro-
vide the method as defined above, wherein the collision pre-
vention rule is adapted to define a predetermined distance
between the at least one surgical tool and an anatomical
element within the surgical environment; 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.

[0072] It is another object of the present invention to pro-
vide the method as defined above, wherein the anatomical
element is selected from a group consisting of tissue, organ,
another surgical tool or any combination thereof.

[0073] Tt is another object of the present invention to pro-
vide the method as defined above, wherein at least one of the
following is being held true (a) said system additionally com-
prising an endoscope; said endoscope is adapted to provide
real-time image of said surgical environment; (b) at least one
of said surgical tools is an endoscope adapted to provide
real-time image of said surgical environment.

[0074] It is another object of the present invention to pro-
vide the method as defined above, wherein the right tool rule
is adapted to determine the ALLOWED movement of the
endoscope according to the movement of the surgical tool
positioned to right of the endoscope.

[0075] It is another object of the present invention to pro-
vide the method as defined above, wherein the left tool rule is
adapted to determine the ALLOWED movement of the endo-
scope according to the movement of the surgical tool posi-
tioned to left of the endoscope.

[0076] It is another object of the present invention to pro-
vide the method as defined above, wherein said a tagged tool
rule comprises means adapted to tag at least one surgical tool
within said surgical environment and to determine said
ALLOWED movement of said endoscope according to the
movement of said tagged surgical tool.

[0077] It is another object of the present invention to pro-
vide the method as defined above, wherein the field of view
rule comprises n 3D spatial positions; n is an integer greater
than or equals to 2; the combination of all of the n 3D spatial

Jun. 12,2014

positions provides a predetermined field of view; the field of
view rule is adapted to determine the ALLOWED movement
of the endoscope 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.

[0078] It is another object of the present invention to pro-
vide the method as defined above, wherein the preferred
volume zone rule comprises a communicable database com-
prising n 3D spatial positions; n is an integer greater than or
equals to 2; the n 3D spatial positions provides the preferred
volume zone; the preferred volume zone rule is adapted to
determine the ALLOWED movement of the endoscope
within the n 3D spatial positions and RESTRICTED move-
ment 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 ofthe endoscope is substan-
tially different from the n 3D spatial positions.

[0079] It is another object of the present invention to pro-
vide the method as defined above, wherein the preferred tool
rule comprises a communicable database, the database stores
apreferred tool; the preferred tool ruleis adapted to determine
the ALLOWED movement of the endoscope according to the
movement of the preferred tool.

[0080] It is another object of the present invention to pro-
vide the method as defined above, wherein the no fly zone rule
comprises n 3D spatial positions; n is an integer greater than
or equals to 2; the n 3D spatial positions define a predeter-
mined volume within the surgical environment; the no fly
zone rule is adapted to determine the RESTRICTED move-
ment if the movement is within the no fly zone and the
ALLOWED movement if the movement is outside the no fly
zone, such that the RESTRICTED movements are move-
ments in which the at least one of the 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 dif-
ferent from the n 3D spatial positions.

[0081] It is another object of the present invention to pro-
vide the method as defined above, wherein the most used tool
rule comprises a database counting the amount of movement
of each of the surgical tools; the most used tool rule is adapted
to constantly position the endoscope to track the movement of
the most moved surgical tool.

[0082] Tt is another object of the present invention to pro-
vide the method as defined above, additionally comprising
step of alerting the physician of a RESTRICTED movements
of the at least one surgical tool.

[0083] It is another object of the present invention to pro-
vide the method as defined above, wherein the step of alerting
is performed by at least one selected from a group consisting
of audio signaling, voice signaling, light signaling, flashing
signaling and any combination thereof.

[0084] It is another object of the present invention to pro-
vide the method as defined above, wherein the ALLOWED
movement is permitted by the controller and a RESTRICTED
movement is denied by the controller.

[0085] It is another object of the present invention to pro-
vide the method as defined above, wherein the history based
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rule comprises a communicable database storing each 3D
spatial position of each of the surgical tool, such that each
movement of each surgical tool is stored; the history based
rule is adapted to determine the ALLOWED and
RESTRICTED movements according to historical move-
ments of the at least one surgical tool, such that the
ALLOWED movements are movements 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.
[0086] It is another object of the present invention to pro-
vide the method as defined above, wherein the tool-dependent
allowed and RESTRICTED movements rule comprises a
communicable database; the communicable database is
adapted to store predetermined characteristics of at least one
of the surgical tool; the tool-dependent allowed and
RESTRICTED movements rule is adapted to determine the
ALLOWED and RESTRICTED movements according to the
predetermined characteristics of the surgical tool.
[0087] It is another object of the present invention to pro-
vide the method as defined above, wherein the predetermined
characteristics of the surgical tool are selected from the group
consisting of: physical dimensions, structure, weight, sharp-
ness, and any combination thereof.
[0088] It is another object of the present invention to pro-
vide the method as defined above, wherein the movement
detection rule comprises a communicable database compris-
ing the real-time 3D spatial positions of each of the surgical
tool; and to detect movement of the at least one surgical tool
when a change in the 3D spatial positions is received, such
that the ALLOWED movements are movements in which the
endoscope is directed to focus on the moving surgical tool.
[0089] It is another object of the present invention to pro-
vide the method as defined above, further comprising a step of
providing a maneuvering subsystem communicable with the
controller, the maneuvering subsystem is adapted to spatially
reposition the at least one surgical tool during a surgery
according to the predetermined set of rules.
[0090] Tt is another object of the present invention to pro-
vide the method as defined above, wherein the at least one
location estimating means comprises at least one endoscope
adapted to acquire real-time images of a surgical environment
within the human body; and at least one surgical instrument
spatial location software adapted to receive said real-time
images of said surgical environment and to estimate said 3D
spatial position of said at least one surgical tool.
[0091] It is another object of the present invention to pro-
vide the method as defined above, wherein the at least one
location estimating means are comprises (a) at least one ele-
ment selected from a group consisting of optical imaging
means, radio frequency transmitting and receiving means, at
least one mark on the at least one surgical tool and any
combination thereof; and, (b) at least one surgical instrument
spatial location software adapted to estimate said 3D spatial
position of said at least one surgical tool by means of said
element.
[0092] It is another object of the present invention to pro-
vide the method as defined above, wherein the at least one
location estimating means are an interface subsystem
between a surgeon and the at least one surgical tool, the
interface subsystem comprises:

[0093] a. at least one array comprising N regular or pat-

tern light sources, where N is a positive integer;
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[0094] b. at least one array comprising M cameras, each
of the M cameras, where M is a positive integer;

[0095] c. optional optical markers and means for attach-
ing the optical marker to the at least one surgical tool;
and,

[0096] d.acomputerized algorithm operable via the con-

troller, the computerized algorithm adapted to record
images received by each camera of each of the M cam-
eras and to calculate therefrom the position of each of the
tools, and further adapted to provide automatically the
results of the calculation to the human operator of the
interface.
[0097] Itis another object of the present invention to pro-
vide a surgical tracking system for assisting an operator to
perform a laparoscopic surgery of a human body, the surgical
tracking system comprising:

[0098] a. at least one endoscope adapted to acquire real-
time images of'a surgical environment within the human
body;

[0099] b. a maneuvering subsystem adapted to control
the spatial position of the endo scope during the laparo-
scopic surgery; and,

[0100] c. a tracking subsystem in communication with
the maneuvering subsystem, adapted to control the
maneuvering system so as to direct and modify the spa-
tial position of the endoscope to a region of interest;

[0101] wherein the tracking subsystem comprises a data
processor; the data processor is adapted to perform real-
time image processing of the surgical environment and
to instruct the maneuvering subsystem to modify the
spatial position of the endoscope according to input
received from a maneuvering function f(t); the maneu-
vering function {{t) is adapted to (a) receive input from at
least two instructing functions g(t), whereiis 1,...,n
and n=2; where t is time; 1 and n are integers; and, to (b)
output instructions to the maneuvering subsystem based
on the input from the at least two instructing functions
g,(1), so as to spatially position the endo scope to the
region of interest.

[0102] Itis another object of the present invention to pro-
vide the surgical tracking system as defined above, wherein
each of the instructing functions g,(t) is provided with a,(t)
where11is aninteger greater than or equals to 1; where o(t) are
weighting functions of each g(t), and a n is total number of
instruction functions.

[0103] Itis another object of the present invention to pro-
vide the surgical tracking system as defined above, wherein
each of the instructing functions g,(1) is selected from a group
consisting of: most used tool function, a right tool function,
left tool function, field of view function, preferred volume
zone function, preferred tool function, no fly zone function, a
tool detection function, a movement detection function, an
organ detection function, a collision detection function, an
operator input function, a prediction function, a past statisti-
cal analysis function, proximity function, a tagged tool func-
tion, and any combination thereof.

[0104] Tt is another object of the present invention to pro-
vide the surgical tracking system as defined above, wherein
the weighting functions o,(t) are time-varying functions,
wherein the value of which is determined by the operators.
[0105] It is another object of the present invention to pro-
vide the surgical tracking system as defined above, wherein
the tool detection function is adapted to detect surgical tools
in the surgical environment and to output instruction to the
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tracking subsystem to instruct the maneuvering system to
direct the endo scope on the detected surgical tools.

[0106] It is another object of the present invention to pro-
vide the surgical tracking system as defined above, wherein
the movement detection function comprises a communicable
database comprising the real-time 3D spatial positions of
each of the surgical tool in the surgical environment; and to
detect movement of the at least one surgical tool when a
change in the 3D spatial positions is received, and to output
instructions to the tracking subsystem to instruct the maneu-
vering system to direct the endoscope on the moved surgical
tool.

[0107] It is another object of the present invention to pro-
vide the surgical tracking system as defined above, wherein
the organ detection function is adapted to detect organs in the
surgical environment and to output instructions to the track-
ing subsystem to instruct the maneuvering system to direct
the endoscope on the detected organs.

[0108] It is another object of the present invention to pro-
vide the surgical tracking system as defined above, wherein
the right tool function is adapted to detect surgical tool posi-
tioned to right of the endoscope and to output instructions to
the tracking subsystem to instruct the maneuvering system to
constantly direct the endoscope on the right tool and to track
the right tool.

[0109] It is another object of the present invention to pro-
vide the surgical tracking system as defined above, wherein
the left tool function is adapted to detect surgical tool posi-
tioned to left of the endoscope and to output instructions to the
tracking subsystem to instruct the maneuvering system to
constantly direct the endoscope on the left tool and to track
the left tool.

[0110] It is another object of the present invention to pro-
vide the surgical tracking system as defined above, wherein
the operator input function comprises a communicable data-
base; the communicable database is adapted to receive an
input from the operator of the system; the input comprising n
3D spatial positions; n is an integer greater than or equals to
2; and to output instructions to the tracking subsystem to
instruct the maneuvering system to direct the endoscope to
the at least one 3D spatial position received.

[0111] It is another object of the present invention to pro-
vide the surgical tracking system as defined above, wherein
the proximity function is adapted to define a predetermined
distance between at least two surgical tools; and to output
instructions to the tracking subsystem to instruct the maneu-
vering system to direct the endoscope to the two surgical tools
if the distance between the two surgical tools is less than the
predetermined distance.

[0112] It is another object of the present invention to pro-
vide the surgical tracking system as defined above, wherein
the proximity function is adapted to define a predetermined
angle between at least three surgical tools; and to output
instructions to the tracking subsystem to instruct the maneu-
vering system to direct the endoscope to the three surgical
tools if the angle between the two surgical tools is less than or
greater than the predetermined angle.

[0113] It is another object of the present invention to pro-
vide the surgical tracking system as defined above, wherein
the preferred volume zone function comprises communicable
database comprising n 3D spatial positions; n is an integer
greater than or equals to 2; the n 3D spatial positions provides
the preferred volume zone; the preferred volume zone func-
tion is adapted to output instructions to the tracking sub-
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system to instruct the maneuvering system to direct the endo-
scope to the preferred volume zone.

[0114] It is another object of the present invention to pro-
vide the surgical tracking system as defined above, wherein
the preferred tool function comprises a communicable data-
base, the database stores a preferred tool; the preferred tool
function is adapted to output instructions to the tracking sub-
system to instruct the maneuvering system to direct the endo-
scope to the preferred tool.

[0115] Itis another object of the present invention to pro-
vide the surgical tracking system as defined above, wherein
the collision prevention function is adapted to define a pre-
determined distance between the at least one surgical tool and
an anatomical element within the surgical environment; and
to output instructions to the tracking subsystem to instruct the
maneuvering system to direct the endoscope to the surgical
tool and the anatomical element within the surgical environ-
ment if the distance between the at least one surgical tool and
an anatomical element is less than the predetermined dis-
tance.

[0116] It is another object of the present invention to pro-
vide the surgical tracking system as defined above, wherein
the anatomical element is selected from a group consisting of
tissue, organ, another surgical tool or any combination
thereof.

[0117] It is another object of the present invention to pro-
vide the surgical tracking system as defined above, wherein
the field of view function comprises a communicable data-
base comprising n 3D spatial positions; n is an integer greater
than or equals to 2; the combination of all of the n 3D spatial
positions provides a predetermined field of view; the field of
view function is adapted to output instructions to the tracking
subsystem to instruct the maneuvering system to direct the
endo scope to at least one 3D spatial position substantially
within the n 3D spatial positions so as to maintain a constant
field of view.

[0118] Itis another object of the present invention to pro-
vide the surgical tracking system as defined above, wherein
the no fly zone function comprises a communicable database
comprising n 3D spatial positions; n is an integer greater than
or equals to 2; the n 3D spatial positions define a predeter-
mined volume within the surgical environment; the no fly
zone function is adapted to output instructions to the tracking
subsystem to instruct the maneuvering system to direct the
endoscope to at least one 3D spatial position substantially
different from all the n 3D spatial positions.

[0119] Itis another object of the present invention to pro-
vide the surgical tracking system as defined above, wherein
the most used tool function comprises a communicable data-
base counting the amount of movement of each surgical tool
located within the surgical environment; the most used tool
function is adapted to output instructions to the tracking sub-
system to instruct the maneuvering system to direct the endo-
scope to constantly position the endoscope to track the move-
ment of the most moved surgical tool.

[0120] It is another object of the present invention to pro-
vide the surgical tracking system as defined above, wherein
the prediction function comprises a communicable database
storing each 3D spatial position of each of surgical tool within
the surgical environment, such that each movement of each
surgical tool is stored; the prediction function is adapted to (a)
to predict the future 3D spatial position of each of the surgical
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tools; and, (b) to output instructions to the tracking subsystem
to instruct the maneuvering system to direct the endoscope to
the future 3D spatial position.

[0121] It is another object of the present invention to pro-
vide the surgical tracking system as defined above, wherein
the past statistical analysis function comprises a communi-
cable database storing each 3D spatial position of each of
surgical tool within the surgical environment, such that each
movement of each surgical tool is stored; the past statistical
analysis function is adapted to (a) statistical analyze the 3D
spatial positions of each of the surgical tools; and, (b) to
predict the future 3D spatial position of each of the surgical
tools; and, (c) to output instructions to the tracking subsystem
to instruct the maneuvering system to direct the endoscope to
the future 3D spatial position.

[0122] 1t is another object of the present invention to pro-
vide the surgical tracking system as defined above, wherein
the a tagged tool function comprises means adapted to tag at
least one surgical tool within the surgical environment and to
output instructions to the tracking subsystem to instruct the
maneuvering system to constantly direct the endoscope to the
tagged surgical tool.

[0123] It is another object of the present invention to pro-
vide the surgical tracking system as defined above, wherein
the means are adapted to constantly tag the at least one of
surgical tool within the surgical environment.

[0124] It is another object of the present invention to pro-
vide the surgical tracking system as defined above, wherein
means are adapted to re-tag the at least one of the surgical
tools until a desired tool is selected.

[0125] It is another object of the present invention to pro-
vide the surgical tracking system as defined above, addition-
ally comprising means adapted to toggle the surgical tools.
[0126] It is another object of the present invention to pro-
vide the surgical tracking system as defined above, wherein
the toggling is performed manually or automatically.

[0127] It is another object of the present invention to pro-
vide the surgical tracking system as defined above, wherein
the image processing is obtained by at least one algorithm
selected from the group consisting of image stabilization
algorithm, image improvement algorithm, image compilation
algorithm, image enhancement algorithm, image detection
algorithm, image classification algorithm, image correlation
with the cardiac cycle or the respiratory cycle of the human
body, smoke or vapor, steam reduction from the endoscope
and any combination thereof.

[0128] It is another object of the present invention to pro-
vide the surgical tracking system as defined above, wherein
the endoscope comprises an image acquisition device
selected from the group consisting of: a camera, a video
camera, an electromagnetic sensor, a computer tomography
imaging device, a fluoroscopic imaging device, an ultrasound
imaging device, and any combination thereof.

[0129] It is another object of the present invention to pro-
vide the surgical tracking system as defined above, further
comprising a display adapted to provide input or output to the
operator regarding the operation of the system.

[0130] It is another object of the present invention to pro-
vide the surgical tracking system as defined above, wherein
the display is used for visualizing the region of interest by the
operator.

[0131] It is another object of the present invention to pro-
vide the surgical tracking system as defined above, wherein
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the display is adapted to output the acquired real-time images
of a surgical environment with augmented reality elements.
[0132] Ttis another object of the present invention to pro-
vide the surgical tracking system as defined above, wherein
the image processing algorithm is adapted to analyze 2D or
3D representation rendered from the real-time images of the
surgical environment.
[0133] It is another object of the present invention to pro-
vide the surgical tracking system as defined above, wherein
the data processor is further adapted to operate a pattern
recognition algorithm for assisting the operation of the
instructing functions g,(t).
[0134] It is another object of the present invention to pro-
vide the surgical tracking system as defined above, addition-
ally comprising at least one location estimating means for
locating the position of at least one surgical tool in the surgical
environment.
[0135] It is another object of the present invention to pro-
vide the surgical tracking system as defined above, wherein
the at least one location estimating means are an interface
subsystem between a surgeon and the at least one surgical
tool, the interface subsystem comprises:

[0136] a. at least one array comprising N regular or pat-

tern light sources, where N is a positive integer;
[0137] b. at least one array comprising M cameras, each
of the M cameras, where M is a positive integer;

[0138] c. optional optical markers and means for attach-
ing the optical marker to the at least one surgical tool;
and,

[0139] d. acomputerized algorithm operable via the con-

troller, the computerized algorithm adapted to record
images received by each camera of each of the M cam-
eras and to calculate therefrom the position of each of the
tools, and further adapted to provide automatically the
results of the calculation to the human operator of the
interface.
[0140] It is another object of the present invention to pro-
vide a method for assisting an operator to perform a laparo-
scopic surgery of a human body, the method comprising steps
of:

[0141] a. providing a surgical tracking system, compris-
ing: (i) at least one endoscope adapted to acquire real-
time images of a surgical environment within the human
body; (il) a maneuvering subsystem in communication
with the endoscope; and, (iii) a tracking subsystem in
communication with the maneuvering subsystem, the
tracking subsystem comprises a data processor;

[0142] ©b. performing real-time image processing of the
surgical environment;

[0143] c. controlling the maneuvering system via the
tracking subsystem, thereby directing and modifying the
spatial position of the endoscope to a region of interest
according to input received from a maneuvering func-
tion f(t);

[0144] wherein the maneuvering function f(t) is adapted
to (a) receive input from at least two instructing func-
tions g,(t), whereiis 1, ..., nand n=2; where t is time;
1and n are integers; and, to (b) output instructions to the
maneuvering subsystem based on the input from the at
least two instructing functions g,(t), so as to spatially
position the endo scope to the region of interest.

[0145] It is another object of the present invention to pro-
vide the method as defined above, wherein each of the
instructing functions g(t) is provided with a(t) where 1 is an
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integer greater than or equals to 1; where a,(t) are weighting
functions of each g,(t), and a n is total number of instruction
functions.

[0146] It is another object of the present invention to pro-
vide the method as defined above, wherein each of the
instructing functions g(t) is selected from a group consisting
of: most used tool function, a right tool function, left tool
function, field of view function, preferred volume zone func-
tion, preferred tool function, no fly zone function, a tool
detection function, a movement detection function, an organ
detection function, a collision detection function, an operator
input function, a prediction function, a past statistical analysis
function, proximity function, a tagged tool function, and any
combination thereof.

[0147] It is another object of the present invention to pro-
vide the method as defined above, wherein the weighting
functions a,(t) are time-varying functions, wherein the value
of which is determined by the operators.

[0148] It is another object of the present invention to pro-
vide the method as defined above, wherein the tool detection
function is adapted to detect surgical tools in the surgical
environment and to output instructions to the tracking sub-
system to instruct the maneuvering system to direct the endo-
scope on the detected surgical tools.

[0149] It is another object of the present invention to pro-
vide the method as defined above, wherein the movement
detection function comprises a communicable database com-
prising the real-time 3D spatial positions of each of the sur-
gical tool in the surgical environment; and to detect move-
ment of the at least one surgical tool when a change in the 3D
spatial positions is received, and to output instructions to the
tracking subsystem to instruct the maneuvering system to
direct the endoscope on the moved surgical tool.

[0150] It is another object of the present invention to pro-
vide the method as defined above, wherein the organ detec-
tion function is adapted to detect organs in the surgical envi-
ronment and to output instructions to the tracking subsystem
to instruct the maneuvering system to direct the endoscope on
the detected organs.

[0151] Tt is another object of the present invention to pro-
vide the method as defined above, wherein the right tool
function is adapted to detect surgical tool positioned to right
of the endo scope and to output instructions to the tracking
subsystem to instruct the maneuvering system to constantly
direct the endo scope on the right tool and to track the right
tool.

[0152] It is another object of the present invention to pro-
vide the method as defined above, wherein the lefi tool func-
tion is adapted to detect surgical tool positioned to left of the
endoscope and to output instructions to the tracking sub-
system to instruct the maneuvering system to constantly
direct the endoscope on the left tool and to track the left tool.
[0153] It is another object of the present invention to pro-
vide the method as defined above, wherein the operator input
function comprises a communicable database; the communi-
cable database is adapted to receive an input from the operator
of the system; the input comprising n 3D spatial positions; n
is an integer greater than or equals to 2; and to output instruc-
tions to the tracking subsystem to instruct the maneuvering
system to direct the endoscope to the at least one 3D spatial
position received.

[0154] It is another object of the present invention to pro-
vide the method as defined above, wherein the proximity
function is adapted to define a predetermined distance
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between at least two surgical tools; and to output instructions
to the tracking subsystem to instruct the maneuveting system
to direct the endo scope to the two surgical tools if the distance
between the two surgical tools is less than the predetermined
distance.

[0155] Tt is another object of the present invention to pro-
vide the method as defined above, wherein the proximity
function is adapted to define a predetermined angle between
at least three surgical tools; and to output instructions to the
tracking subsystem to instruct the maneuvering system to
direct the endoscope to the three surgical tools if the angle
between the two surgical tools is less than or greater than the
predetermined angle.

[0156] It is another object of the present invention to pro-
vide the method as defined above, wherein the preferred
volume zone function comprises communicable database
comprising n 3D spatial positions; n is an integer greater than
or equals to 2; the n 3D spatial positions provides the pre-
ferred volume zone; the preferred volume zone function is
adapted to output instructions to the tracking subsystem to
instruct the maneuvering system to direct the endoscope to
the preferred volume zone.

[0157] Itis another object of the present invention to pro-
vide the method as defined above, wherein the preferred tool
function comprises a communicable database, the database
stores a preferred tool; the preferred tool function is adapted
to output instructions to the tracking subsystem to instruct the
maneuvering system to direct the endoscope to the preferred
tool.

[0158] It is another object of the present invention to pro-
vide the method as defined above, wherein the collision pre-
vention function is adapted to define a predetermined dis-
tance between the at least one surgical tool and an anatomical
element within the surgical environment; and to output
instructions to the tracking subsystem to instruct the maneu-
vering system to direct the endoscope to the surgical tool and
the anatomical element within the surgical environment if the
distance between the at least one surgical tool and an ana-
tomical element is less than the predetermined distance.

[0159] It is another object of the present invention to pro-
vide the method as defined above, wherein the anatomical
element is selected from a group consisting of tissue, organ,
another surgical tool or any combination thereof.

[0160] It is another object of the present invention to pro-
vide the method as defined above, wherein the field of view
function comprises a communicable database comprising n
3D spatial positions; n is an integer greater than or equals to
2; the combination of all of the n 3D spatial positions provides
a predetermined field of view; the field of view function is
adapted to output instructions to the tracking subsystem to
instruct the maneuvering system to direct the endoscope to at
least one 3D spatial position substantially within the n 3D
spatial positions so as to maintain a constant field of view.

[0161] Itis another object of the present invention to pro-
vide the method as defined above, wherein the no fly zone
function comprises a communicable database comprising n
3D spatial positions; n is an integer greater than or equals to
2; the n 3D spatial positions define a predetermined volume
within the surgical environment; the no fly zone function is
adapted to output instructions to the tracking subsystem to
instruct the maneuvering system to direct the endoscope to at
least one 3D spatial position substantially different from all
the n 3D spatial positions.
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[0162] Tt is another object of the present invention to pro-
vide the method as defined above, wherein the most used tool
function comprises a communicable database counting the
amount of movement of each surgical tool located within the
surgical environment; the most used tool function is adapted
to output instructions to the tracking subsystem to instruct the
maneuvering system to direct the endoscope to constantly
position the endoscope to track the movement of the most
moved surgical tool.

[0163] It is another object of the present invention to pro-
vide the method as defined above, wherein the prediction
function comprises a communicable database storing each
3D spatial position of each of surgical tool within the surgical
environment, such that each movement of each surgical tool
is stored; the prediction function is adapted to (a) to predict
the future 3D spatial position of each of the surgical tools;
and, (b) to output instructions to the tracking subsystem to
instruct the maneuvering system to direct the endoscope to
the future 3D spatial position.

[0164] It is another object of the present invention to pro-
vide the method as defined above, wherein the past statistical
analysis function comprises a communicable database stor-
ing each 3D spatial position of each of surgical tool within the
surgical environment, such that each movement of each sur-
gical tool is stored; the past statistical analysis function is
adapted to (a) statistical analyze the 3D spatial positions of
each of the surgical tools; and, (b) to predict the future 3D
spatial position of each of the surgical tools; and, (¢) to output
instructions to the tracking subsystem to instruct the maneu-
vering system to direct the endoscope to the future 3D spatial
position.

[0165] It is another object of the present invention to pro-
vide the method as defined above, wherein the a tagged tool
function comprises means adapted to tag at least one surgical
tool within the surgical environment and to output instruc-
tions to the tracking subsystem to instruct the maneuvering
system to constantly direct the endoscope to the tagged sur-
gical tool.

[0166] It is another object of the present invention to pro-
vide the method as defined above, wherein the means are
adapted to constantly tag the at least one of surgical tool
within the surgical environment.

[0167] It is another object of the present invention to pro-
vide the method as defined above, wherein means are adapted
to re-tag the at least one of the surgical tools until a desired
tool is selected.

[0168] It is another object of the present invention to pro-
vide the method as defined above, additionally comprising
step of providing means adapted to toggle the surgical tools.
[0169] It is another object of the present invention to pro-
vide the method as defined above, wherein the toggling is
performed manually or automatically.

[0170] It is another object of the present invention to pro-
vide the method as defined above, wherein the image process-
ing is obtained by at least one algorithm selected from the
group consisting of: image stabilization algorithm, image
improvement algorithm, image compilation algorithm, image
enhancement algorithm, image detection algorithm, image
classification algorithm, image correlation with the cardiac
cycle or the respiratory cycle of the human body, smoke or
vapor, steam reduction from the endo scope and any combi-
nation thereof.

[0171] It is another object of the present invention to pro-
vide the method as defined above, wherein the endoscope
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comprises an image acquisition device selected from the
group consisting of: a camera, a video camera, an electromag-
netic sensor, a computer tomography imaging device, a fluo-
roscopic imaging device, an ultrasound imaging device, and
any combination thereof.
[0172] It is another object of the present invention to pro-
vide the method as defined above, further comprising step of
providing a display adapted to provide input or output to the
operator regarding the operation of the system.
[0173] It is another object of the present invention to pro-
vide the method as defined above, wherein the display is used
for visualizing the region of interest by the operator.
[0174] It is another object of the present invention to pro-
vide the method as defined above, wherein the display is
adapted to output the acquired real-time images of a surgical
environment with augmented reality elements.
[0175] It is another object of the present invention to pro-
vide the method as defined above, wherein the image process-
ing algorithm is adapted to analyze 2D or 3D representation
rendered from the real-time images of the surgical environ-
ment.
[0176] It is another object of the present invention to pro-
vide the method as defined above, wherein the data processor
is further adapted to operate a pattern recognition algorithm
for assisting the operation of the instructing functions g(t).
[0177] Itis another object of the present invention to pro-
vide the method as defined above, additionally comprising
step of preliminary tagging at least one of the surgical tools.
[0178] It is another object of the present invention to pro-
vide the method as defined above, additionally comprising
step of constantly tagging at least one of the surgical tools.
[0179] Itis another object of the present invention to pro-
vide the method as defined above, additionally comprising
step of re-tagging the at least one of the surgical tools until a
desired tool is selected.
[0180] It is another object of the present invention to pro-
vide the method as defined above, additionally comprising
step of toggling the surgical tools.
[0181] Itis another object of the present invention to pro-
vide the method as defined above, wherein the toggling is
performed manually or automatically.
[0182] Tt is another object of the present invention to pro-
vide the method as defined above, additionally comprising
step of locating the 3D position of at least one surgical tool in
the surgical environment.
[0183] It is another object of the present invention to pro-
vide the method as defined above, wherein the step of locating
the 3D position of at least one surgical tool is provided by at
least one location estimating means; the at least one location
estimating means are an interface subsystem between a sur-
geon and the at least one surgical tool, the interface subsystem
comprises:

[0184] a. at least one array comprising N regular or pat-

tern light sources, where N is a positive integer;
[0185] b. at least one array comprising M cameras, each
of the M cameras, where M is a positive integer;

[0186] c. optional optical markers and means for attach-
ing the optical marker to the at least one surgical tool;
and,

[0187] d.acomputerized algorithm operable via the con-

troller, the computerized algorithm adapted to record
images received by each camera of each of the M cam-
eras and to calculate therefrom the position of each of the



US 2014/0163359 A1

tools, and further adapted to provide automatically the
results of the calculation to the human operator of the
interface.
[0188] It is another object of the present invention to pro-
vide a surgical controlling system, comprising;

[0189] a.atleast one endoscope adapted to provide real-
time image of surgical environment of a human body;

[0190] b. at least one processing means, adapted to real
time define n element within the real-time image of
surgical environment of a human body; each of the ele-
ments is characterized by predetermined characteristics;

[0191] c. image processing means in communication
with the endoscope, adapted to image process the real-
time image and to provide real time updates of the pre-
determined characteristics;

[0192] d. a communicable database, in communication
with the processing means and the image processing
means, adapted to store the predetermined characteris-
tics and the updated characteristics;

[0193] wherein the system is adapted to notify if the
updated characteristics are substantially different from
the predetermined characteristics.

[0194] It is another object of the present invention to pro-
vide the surgical controlling system as defined above,
wherein the predetermined characteristics are selected from a
group consisting of color of the element, 3D spatial location
of the element, contours of the element, and any combination
thereof.

[0195] It is another object of the present invention to pro-
vide the surgical controlling system as defined above, addi-
tionally comprising at least one surgical tool adapted to be
inserted into a surgical environment of a human body for
assisting a surgical procedure.

[0196] It is another object of the present invention to pro-
vide the surgical controlling system as defined above, addi-
tionally comprising (a) at least one location estimating means
adapted to real-time estimate the location of the at least one
surgical tool at any given time t; and, (b) at least one move-
ment detection means communicable with a movement’s
database and with said location estimating means; said move-
ment’s database is adapted to store said 3D spatial position of
said at least one surgical tool at time t.and at time t,; where
t>ty; said movement detection means is adapted to detect
movement of said at least one surgical tool if the 3D spatial
position of said at least one surgical tool at time t,is different
than said 3D spatial position of said at least one surgical tool
at time t,,.

[0197] It is another object of the present invention to pro-
vide the surgical controlling system as defined above, addi-
tionally comprising a controller having a processing means
communicable with a controller’s database, the controller
adapted to control the spatial position of the at least one
surgical tool.

[0198] It is another object of the present invention to pro-
vide the surgical controlling system as defined above,
wherein the controller’s database is adapted to store a prede-
termined set of rules according to which ALLOWED and
RESTRICTED movements of the at least one surgical tool are
determined, such that each detected movement by said move-
ment 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.
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[0199] Tt is another object of the present invention to pro-
vide the surgical controlling system as defined above,
wherein the predetermined set of rules comprises at least one
rule selected from the group consisting of: most used tool
rule, right tool rule, left tool rule, field of view rule, no fly zone
rule, route rule, environmental rule, operator input rule, prox-
imity rule; collision prevention rule, history based rule, tool-
dependent allowed and RESTRICTED movements rule, pre-
ferred volume zone rule, preferred tool rule, movement
detection rule, and any combination thereof.

[0200] It is another object of the present invention to pro-
vide the surgical controlling system as defined above,
wherein the route rule comprises a communicable database
storing predefined route in which the at least one surgical tool
is adapted to move within the surgical environment; the pre-
defined route comprises n 3D spatial positions of the at least
one surgical tool; nis an integer greater than or equals to 2; the
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 the
RESTRICTED movements are movements in which the loca-
tion of the at least one surgical tool is substantially different
from the n 3D spatial positions of the predefined route.
[0201] It is another object of the present invention to pro-
vide the surgical controlling system as defined above,
wherein the environmental rule comprises a comprises a com-
municable database; the communicable database is adapted
to received real-time image of the surgical environment and is
adapted to perform real-time image processing of the same
and to determined the 3D spatial position of hazards or
obstacles in the surgical environment; the environmental rule
is adapted to determine the ALLOWED and RESTRICTED
movements according to the hazards or obstacles in the sur-
gical environment, such that the RESTRICTED movements
are movements in which the at least one surgical tool is
located substantially in at least one of the 3D spatial positions,
and the ALLOWED movements are movements in which the
location of the at least one surgical tool is substantially dif-
ferent from the 3D spatial positions.

[0202] Ttis another object of the present invention to pro-
vide the surgical controlling system as defined above,
wherein the hazards or obstacles in the surgical environment
are selected from a group consisting of tissue, a surgical tool,
an organ, an endoscope and any combination thereof.

[0203] It is another object of the present invention to pro-
vide the surgical controlling system as defined above,
wherein the operator input rule comprises a communicable
database; the communicable database is adapted to receive an
input from the operator of the system regarding the
ALLOWED and RESTRICTED movements of the at least
one surgical tool.

[0204] It is another object of the present invention to pro-
vide the surgical controlling system as defined above,
wherein the input comprises n 3D spatial positions; n is an
integer greater than or equals to 2; wherein at least one of
which is defined as ALLOWED location and at least one of
which is defined as 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 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.
[0205] It is another object of the present invention to pro-
vide the surgical controlling system as defined above,



US 2014/0163359 A1

wherein the input comprises 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.

[0206] It is another object of the present invention to pro-
vide the surgical controlling system as defined above,
wherein the predetermined set of rules comprises at least one
rule selected from the group consisting of: most used tool,
right tool rule, left tool rule, field of view rule, no fly zone rule,
a route rule, an environmental rule, an operator input rule, a
proximity rule; a collision prevention rule, preferred volume
zone rule, movement detection rule, a history based rule, a
tool-dependent allowed and RESTRICTED movements rule,
and any combination thereof.

[0207] It is another object of the present invention to pro-
vide the surgical controlling system as defined above,
wherein the operator input rule converts an ALLOWED
movement to a RESTRICTED movement and a
RESTRICTED movement to an ALLOWED movement.

[0208] It is another object of the present invention to pro-
vide the surgical controlling system as defined above,
wherein the proximity rule is adapted to define a predeter-
mined distance between at least two surgical tools; 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.

[0209] It is another object of the present invention to pro-
vide the surgical controlling system as defined above,
wherein the proximity rule is adapted to define a predeter-
mined angle between at least three surgical tools; the
ALLOWED movements are movements which are within the
range or out of the range of the predetermined angle, and the
RESTRICTED movements which are out of the range or
within the range of the predetermined angle.

[0210] It is another object of the present invention to pro-
vide the surgical controlling system as defined above,
wherein the collision prevention rule is adapted to define a
predetermined distance between the at least one surgical tool
and an anatomical element within the surgical environment;
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.

[0211] It is another object of the present invention to pro-
vide the surgical controlling system as defined above,
wherein the anatomical element is selected from a group
consisting of tissue, organ, another surgical tool or any com-
bination thereof.

[0212] It is another object of the present invention to pro-
vide the surgical controlling system as defined above,
wherein at least one of the following is being held true (a) said
system additionally comprising an endoscope; said endo-
scope 1is adapted to provide real-time image of said surgical
environment; (b) at least one of said surgical tools is an
endoscope adapted to provide real-time image of said surgical
environment.

[0213] It is another object of the present invention to pro-
vide the surgical controlling system as defined above,
wherein the right tool rule is adapted to determine the
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ALLOWED movement of the endoscope according to the
movement of the surgical tool positioned to right of the endo-
scope.

[0214] It is another object of the present invention to pro-
vide the surgical controlling system as defined above,
wherein the left tool rule is adapted to determine the
ALLOWED movement of the endoscope according to the
movement of the surgical tool positioned to left of the endo-
scope.

[0215] It is another object of the present invention to pro-
vide the surgical controlling system as defined above,
wherein the field of view rule comprises a communicable
database comprising n 3D spatial positions; n is an integer
greater than or equals to 2; the combination of all of the n 3D
spatial positions provides a predetermined field of view; the
field of view rule is adapted to determine the ALLOWED
movement of the endoscope 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 endo-
scopeis 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 differ-
ent from the n 3D spatial positions.

[0216] It is another object of the present invention to pro-
vide the surgical controlling system as defined above,
wherein the preferred volume zone rule comprises a commu-
nicable database comprising n 3D spatial positions; n is an
integer greater than or equals to 2; the n 3D spatial positions
provides the preferred volume zone; the preferred volume
zone rule is adapted 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 moverents in which the loca-
tion of the endoscope is substantially different from the n 3D
spatial positions.

[0217] It is another object of the present invention to pro-
vide the surgical controlling system as defined above,
wherein the preferred tool rule comprises a communicable
database, the database stores a preferred tool; the preferred
tool rule is adapted to determine the ALLOWED movement
of the endoscope according to the movement of the preferred
tool.

[0218] It is another object of the present invention to pro-
vide the surgical controlling system as defined above,
wherein the no fly zone rule comprises a communicable data-
base comprising n 3D spatial positions; n is an integer greater
than or equals to 2; the n 3D spatial positions define a prede-
termined volume within the surgical environment; the no fly
zone rule is adapted to determine the RESTRICTED move-
ment if the movement is within the no fly zone and the
ALLOWED movement if the movement is outside the no fly
zone, such that the RESTRICTED movements are move-
ments in which the at least one of the 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 dif-
ferent from the n 3D spatial positions.

[0219] It is another object of the present invention to pro-
vide the surgical controlling system as defined above,
wherein the most used tool rule comprises a communicable
database counting the amount of movement of each of the
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surgical tools; the most used tool rule is adapted to constantly
position the endoscope to track the movement of the most
moved surgical tool.

[0220] It is another object of the present invention to pro-
vide the surgical controlling system as defined above,
wherein said system further comprising a maneuvering sub-
system communicable with said controller, said maneuvering
subsystem is adapted to spatially reposition said at least one
surgical tool during a surgery according to said predeter-
mined set of rules; further wherein the system is adapted to
alert the physician of a RESTRICTED movements of the at
least one surgical tool.

[0221] It is another object of the present invention to pro-
vide the surgical controlling system as defined above,
wherein the alert is selected from a group consisting of audio
signaling, voice signaling, light signaling, flashing signaling
and any combination thereof.

[0222] It is another object of the present invention to pro-
vide the surgical controlling system as defined above,
wherein the ALLOWED movement is permitted by the con-
troller and a RESTRICTED movement is denied by the con-
troller.

[0223] It is another object of the present invention to pro-
vide the surgical controlling system as defined above,
wherein the history based rule comprises a communicable
database storing each 3D spatial position of each of the sur-
gical tool, such that each movement of each surgical tool is
stored; the history based rule is adapted to determine the
ALLOWED and RESTRICTED movements according to
historical movements of the at least one surgical tool, such
that the ALLOWED movements are movements in which the
at least one surgical tool is located substantially in at least one
of the 3D spatial positions, and the RESTRICTED move-
ments are movements in which the location of the at least one
surgical tool is substantially different from the n 3D spatial
positions.

[0224] It is another object of the present invention to pro-
vide the surgical controlling system as defined above,
wherein the tool-dependent allowed and RESTRICTED
movements rule comprises a communicable database; the
communicable database is adapted to store predetermined
characteristics of at least one of the surgical tool; the tool-
dependent allowed and RESTRICTED movements rule is
adapted to determine the ALLOWED and RESTRICTED
movements according to the predetermined characteristics of
the surgical tool.

[0225] It is another object of the present invention to pro-
vide the surgical controlling system as defined above,
wherein the predetermined characteristics of the surgical tool
are selected from the group consisting of: physical dimen-
sions, structure, weight, sharpness, and any combination
thereof.

[0226] It is another object of the present invention to pro-
vide the surgical controlling system as defined above,
wherein the movement detection rule comprises a communi-
cable database comprising the real-time 3D spatial positions
of each of the surgical tool; and to detect movement of the at
least one surgical tool when a change in the 3D spatial posi-
tions is received, such that the ALLOWED movements are
movements in which the endoscope is directed to focus on the
moving surgical tool.

[0227] It is another object of the present invention to pro-
vide the surgical controlling system as defined above, further
comprising a maneuvering subsystem communicable with
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the controller, the maneuvering subsystem is adapted to spa-
tially reposition at least one surgical tool during a surgery
according to the predetermined set of rules, such that if said
movement of said at least one surgical tool isa RESTRICTED
movement, said maneuvering subsystem prevents said move-
ment.

[0228] Tt is another object of the present invention to pro-
vide the surgical controlling systen as defined above, further
comprising at least one location estimating means adapted to
acquire real-time images of the surgical environment within
the human body for the estimation of the 3D spatial position
of at least one surgical tool.

[0229] It is another object of the present invention to pro-
vide the surgical controlling system as defined above,
wherein the at least one location estimating means are com-
prises at least one selected from a group consisting of optical
imaging means, radio frequency transmitting and receiving
means, at least one mark on the at least one surgical tool and
any combination thereof.

[0230] It is another object of the present invention to pro-
vide a method for controlling surgical surgery, comprising
step of:

[0231] a. obtaining a system comprising:

[0232] 1. at least one endoscope adapted to provide
real-time image of surgical environment of a human
body;

[0233] ii. at least one processing means, adapted to
real time define n element within the real-time image
of surgical environment of a human body; each of the
elements is characterized by predetermined charac-
teristics;

[0234] iii. image processing means in communication
with the endoscope, adapted to image process the
real-time image and to provide real time updates of
the predetermined characteristics;

[0235] iv. a communicable database, in communica-
tion with the processing means and the image pro-
cessing means, adapted to store the predetermined
characteristics and the updated characteristics;

[0236] b. providing a real-time image of surgical envi-
ronment of a human body;

[0237] c. defining the n element;

[0238] d. characterizing each of the element with prede-
termined characteristics;

[0239] e. providing a real-time update of the predeter-
mined characteristics;

[0240] f notifying the user if the updated characteristics
are substantially different from the predetermined char-
acteristics.

[0241] It is another object of the present invention to pro-
vide the method as defined above, wherein the predetermined
characteristics are selected from a group consisting of color
of the element, 3D spatial location of the element, contours of
the element, and any combination thereof.

[0242] Tt is another object of the present invention to pro-
vide the method as defined above, additionally comprising at
least one surgical tool adapted to be inserted into a surgical
environment of a human body for assisting a surgical proce-
dure.

[0243] It is another object of the present invention to pro-
vide the method as defined above, additionally comprising (a)
at least one location estimating means adapted to real-time
estimate the location of the at least one surgical tool at any
given time t; and, (b) at least one movement detection means
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communicable with a movement’s database and with said
location estimating means; said movement’s database is
adapted to store said 3D spatial position of said at least one
surgical tool at time tand at time t,, where (>1,; said move-
ment detection means is adapted to detect movement of said
at least one surgical tool if the 3D spatial position of said at
least one surgical tool at time t,is different than said 3D spatial
position of said at least one surgical tool at time t,,.

[0244] It is another object of the present invention to pro-
vide the method as defined above, additionally comprising a
controller having a processing means communicable with a
controller’s database, the controller adapted to control the
spatial position of the at least one surgical tool.

[0245] It is another object of the present invention to pro-
vide the method as defined above, wherein the controller’s
database is adapted to store a predetermined set of rules
according to which ALLOWED and RESTRICTED move-
ments of the at least one surgical tool are determined, such
that each detected movement 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.

[0246] It is another object of the present invention to pro-
vide the method as defined above, wherein the predetermined
set of rules comprises at least one rule selected from the group
consisting of: most used tool, right tool rule, left tool rule,
field of view rule, no fly zone rule, a route rule, an environ-
mental rule, an operator input rule, a proximity rule; a colli-
sion prevention rule, preferred volume zone rule, preferred
tool rule, movement detection rule, a history based rule, a
tool-dependent allowed and RESTRICTED movements rule,
and any combination thereof.

[0247] It is another object of the present invention to pro-
vide the method as defined above, wherein the route rule
comprises a communicable database storing predefined route
in which the at least one surgical tool is adapted to move
within the surgical environment; the predefined route com-
prises 1 3D spatial positions of the at least one surgical tool,
n is an integer greater than or equals to 2; the 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 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 of the predefined route.

[0248] It is another object of the present invention to pro-
vide the method as defined above, wherein the environmental
rule comprises a comprises a communicable database; the
communicable database is adapted to received real-time
image of the surgical environment and is adapted to perform
real-time image processing of the same and to determined the
3D spatial position of hazards or obstacles in the surgical
environment; the environmental rule is adapted to determine
the ALLOWED and RESTRICTED movements according to
the hazards or obstacles in the surgical environment, such that
the RESTRICTED movements are movements in which the
at least one surgical tool is located substantially in at least one
of the 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 3D spatial
positions.

[0249] It is another object of the present invention to pro-
vide the method as defined above, wherein the hazards or
obstacles in the surgical environment are selected from a
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group consisting of tissue, a surgical tool, an organ, an endo-
scope and any combination thereof.

[0250] It is another object of the present invention to pro-
vide the method as defined above, wherein the operator input
rule comprises a communicable database; the communicable
database is adapted to receive an input from the operator of
the system regarding the ALLOWED and RESTRICTED
movements of the at least one surgical tool.

[0251] It is another object of the present invention to pro-
vide the method as defined above, wherein the input com-
prises n 3D spatial positions; n is an integer greater than or
equals to 2; wherein at least one of which is defined as
ALLOWED location and at least one of which is defined as
RESTRICTED location, such that the ALLOWED move-
ments are movements in which the at least one surgical tool is
located substantially in at least one of the n 3D spatial posi-
tions, and the RESTRICTED movements are movements in
which the location of the at least one surgical tool is substan-
tially different from the n 3D spatial positions.

[0252] It is another object of the present invention to pro-
vide the method as defined above, wherein the input com-
prises at least one predetermined 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 move-
ments.

[0253] It is another object of the present invention to pro-
vide the method as defined above, wherein the predetermined
rule is selected from the group consisting of: most used tool,
right tool rule, left tool rule, field of view rule, no fly zone rule,
a route rule, an environmental rule, an operator input rule, a
proximity rule; a collision prevention rule, preferred volume
zone rule, preferred tool rule, movement detection rule, a
history based rule, a tool-dependent allowed and
RESTRICTED movements rule, and any combination
thereof.

[0254] Tt is another object of the present invention to pro-
vide the method as defined above, wherein the operator input
rule converts an ALLOWED movement to a RESTRICTED
movement and a RESTRICTED movement to an ALLOWED
movement.

[0255] It is another object of the present invention to pro-
vide the method as defined above, wherein the proximity rule
is adapted to define a predetermined distance between at least
two surgical tools; the ALLOWED movements are move-
ments 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 prede-
termined distance.

[0256] Tt is another object of the present invention to pro-
vide the method as defined above, wherein the proximity rule
is adapted to define a predetermined angle between at least
three surgical tools; the ALLOWED movements are move-
ments which are within the range or out of the range of the
predetermined angle, and the RESTRICTED movements
which are out of the range or within the range of the prede-
termined angle.

[0257] It is another object of the present invention to pro-
vide the method as defined above, wherein the collision pre-
vention rule is adapted to define a predetermined distance
between the at least one surgical tool and an anatomical
element within the surgical environment; the ALLOWED
movements are movements which are in a range that is larger
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than the predetermined distance, and the RESTRICTED
movements are movements which is in a range that is smaller
than the predetermined distance.

[0258] It is another object of the present invention to pro-
vide the method as defined above, wherein the anatomical
element is selected from a group consisting of tissue, organ,
another surgical tool or any combination thereof.

[0259] It is another object of the present invention to pro-
vide the method as defined above, wherein at least one of the
following is being held true (a) said system additionally com-
prising an endoscope; said endoscope is adapted to provide
real-time image of said surgical environment; (b) at least one
of said surgical tools is an endoscope adapted to provide
real-time image of said surgical environment.

[0260] It is another object of the present invention to pro-
vide the method as defined above, wherein the right tool rule
is adapted to determine the ALLOWED movement of the
endoscope according to the movement of the surgical tool
positioned to right of the endoscope.

[0261] It is another object of the present invention to pro-
vide the method as defined above, wherein the left tool rule is
adapted to determine the ALLOWED movement of the endo-
scope according to the movement of the surgical tool posi-
tioned to left of the endoscope.

[0262] It is another object of the present invention to pro-
vide the method as defined above, wherein the field of view
rule comprises a communicable database comprising n 3D
spatial positions; nis an integer greater than or equals to 2; the
combination of all of the n 3D spatial positions provides a
predetermined field of view; the field of view rule is adapted
to determine the ALLOWED movement of the endoscope
within the n 3D spatial positions so as to maintain a constant
field of view, such that the ALLOWED movements are move-
ments 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 endo-
scope is substantially different from the n 3D spatial posi-
tions.

[0263] It is another object of the present invention to pro-
vide the method as defined above, wherein the preferred
volume zone rule comprises a communicable database com-
prising n 3D spatial positions; n is an integer greater than or
equals to 2; the n 3D spatial positions provides the preferred
volume zone; the preferred volume zone rule is adapted to
determine the ALLOWED movement of the endoscope
within the n 3D spatial positions and RESTRICTED move-
ment 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 endo scope is sub-
stantially different from the n 3D spatial positions.

[0264] It is another object of the present invention to pro-
vide the method as defined above, wherein the preferred tool
rule comprises a communicable database, the database stores
apreferred tool; the preferred tool ruleis adapted to determine
the ALLOWED movement of the endoscope according to the
movement of the preferred tool.

[0265] It is another object of the present invention to pro-
vide the method as defined above, wherein the no fly zone rule
comprises a communicable database comprising n 3D spatial
positions; n is an integer greater than or equals to 2; the n 3D
spatial positions define a predetermined volume within the
surgical environment; the no fly zone rule is adapted to deter-
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mine the RESTRICTED movement if the movement is within
the no fly zone and the ALLOWED movement if the move-
ment is outside the no fly zone, such that the RESTRICTED
movements are movements in which the at least one of the
surgical tool is located substantially in at least one ofthe n 3D
spatial positions, and the ALLOWED movements are move-
ments in which the location of the at least one surgical tool is
substantially different from the n 3D spatial positions.
[0266] It is another object of the present invention to pro-
vide the method as defined above, wherein the most used tool
rule comprises a communicable database counting the
amount of movement of each of the surgical tools; the most
used tool rule is adapted to constantly position the endoscope
to track the movement of the most moved surgical tool.
[0267] Itis another object of the present invention to pro-
vide the method as defined above, additionally comprising
step of alerting the physician of a RESTRICTED movement
of the at least one surgical tool.

[0268] It is another object of the present invention to pro-
vide the method as defined above, wherein the alert is selected
from a group consisting of audio signaling, voice signaling,
light signaling, flashing signaling and any combination
thereof.

[0269] It is another object of the present invention to pro-
vide the method as defined above, wherein the ALLOWED
movement is permitted by the controller and a RESTRICTED
movement is denied by the controller.

[0270] Tt is another object of the present invention to pro-
vide the method as defined above, wherein the history based
rule comprises a communicable database storing each 3D
spatial position of each of the surgical tool, such that each
movement of each surgical tool is stored; the history based
rule is adapted to determine the ALLOWED and
RESTRICTED movements according to historical move-
ments of the at least one surgical tool, such that the
ALLOWED movements are movements 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.
[0271] It is another object of the present invention to pro-
vide the method as defined above, wherein the tool-dependent
allowed and RESTRICTED movements rule comprises a
communicable database; the communicable database is
adapted to store predetermined characteristics of at least one
of the surgical tool; the tool-dependent allowed and
RESTRICTED movements rule is adapted to determine the
ALLOWED and RESTRICTED movements according to the
predetermined characteristics of the surgical tool.

[0272] It is another object of the present invention to pro-
vide the method as defined above, wherein the predetermined
characteristics of the surgical tool are selected from the group
consisting of: physical dimensions, structure, weight, sharp-
ness, and any combination thereof.

[0273] It is another object of the present invention to pro-
vide the method as defined above, wherein the movement
detection rule comprises a communicable database compris-
ing the real-time 3D spatial positions of each of the surgical
tool; and to detect movement of the at least one surgical tool
when a change in the 3D spatial positions is received, such
that the ALLOWED movements are movements in which the
endoscope is directed to focus on the moving surgical tool.
[0274] It is another object of the present invention to pro-
vide the method as defined above, further comprising step of
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proving a maneuvering subsystem communicable with the
controller, the maneuvering subsystem is adapted to spatially
reposition the at least one surgical tool during a surgery
according to the predetermined set of rules.

[0275] It is another object of the present invention to pro-
vide a surgical controlling system, comprising:

[0276] (a)atleast one surgical tool adapted to be inserted
into a surgical environment of a human body for assist-
ing a surgical procedure;

[0277] (b) at least one endoscope adapted to provide
real-time image of said surgical environment;

[0278] (c)atleast one location estimating means adapted
to real-time locate the 3D spatial position of said at least
one surgical tool at any given time t;

[0279] (d) at least one movement detection means com-
municable with a movement’s database and with said
location estimating means; said movement’s database is
adapted to store said 3D spatial position of said at least
one surgical tool at time t,and at time t,,, where t>t,; said
movement detection means is adapted to detect move-
ment of said at least one surgical tool if the 3D spatial
position of said at least one surgical tool at time 1, is
different than said 3D spatial position of said at least one
surgical tool at time t,; and,

[0280] (e) a controller having a processing means com-
municable with a controller’s database, said controller
adapted to control the spatial position of said at least one
surgical tool; said controller’s database is in communi-
cation with said movement detection means;

wherein said controller’s database comprising n 3D spatial
positions; n is an integer greater than or equal to 2; the com-
bination of all of said n 3D spatial positions provides a pre-
determined field of view; said controller is adapted to relocate
the 3D spatial positions of said endoscope if movement has
been detected by said detection means, such that said field of
view is maintained.

[0281] It is another object of the present invention to pro-
vide the surgical controlling system as defined above,
wherein controller’s database comprises n 3D spatial posi-
tions; 1 is an integer greater than or equal to 2; the combina-
tion of all of said n 3D spatial positions provides a predeter-
mined field of view; said field of view rule is adapted to
relocate said endoscope if movement of at least one of said
surgical tools has been detected by said detection means, such
that said field of view is maintained.

[0282] It is another object of the present invention to pro-
vide the method as defined above, wherein controller’s data-
base comprises n 3D spatial positions; n is 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 adapted to relocate said endoscope if movement
of at least one of said surgical tools has been detected by said
detection means, such that said field of view is maintained.
[0283] It is another object of the present invention to pro-
vide the surgical tracking system as defined above, wherein
controller’s database comprises n 3D spatial positions; n is 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 adapted to relocate said endo-
scope if movement of at least one of said surgical tools has
been detected by said detection means, such that said field of
view is maintained.

[0284] It is another object of the present invention to pro-
vide the method as defined above, wherein controller’s data-
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base comprises n 3D spatial positions; n is 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 adapted to relocate said endoscope if movement
of at least one of said surgical tools has been detected by said
detection means, such that said field of view is maintained.
[0285] Tt is another object of the present invention to pro-
vide the surgical controlling system as defined above,
wherein controller’s database comprises n 3D spatial posi-
tions; n is an integer greater than or equal to 2; the combina-
tion of all of said n 3D spatial positions provides a predeter-
mined field of view; said field of view rule is adapted to
relocate said endoscope if movement of at least one of said
surgical tools has been detected by said detection means, such
that said field of view is maintained.

[0286] It is another object of the present invention to pro-
vide the method as defined above, wherein controller’s data-
base comprises n 3D spatial positions; n is 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 adapted to relocate said endoscope if movement
of at least one of said surgical tools has been detected by said
detection means, such that said field of view is maintained.

BRIEF DESCRIPTION OF THE FIGURES

[0287] In order to understand the invention and to see how
it may be implemented in practice, and by way of non-limit-
ing example only, with reference to the accompanying draw-
ing, in which

[0288] FIGS. 1-2 illustrates one embodiment of the present
invention.
[0289] FIG. 2A shows an example of using the location

system in abdominal laparoscopic surgery;

[0290] FIG. 2B shows an example of using the location
system in knee endoscopic surgery; and,

[0291] FIG. 2C shows an example of using the location
system in shoulder endoscopic surgery.

[0292] FIG. 3 schematically illustrates operation of an
embodiment of a tracking system with collision avoidance
system.

[0293] FIG. 4 schematically illustrates operation of an
embodiment of a tracking system with no fly zone rule/func-
tion.

[0294] FIG. 5 schematically illustrates operation of an
embodiment of a tracking system with preferred volume zone
rule/function.

[0295] FIG. 6 schematically illustrates operation of an
embodiment of the organ detection function/rule.

[0296] FIG. 7 schematically illustrates operation of an
embodiment of the tool detection function/rule.

[0297] FIG. 8 schematically illustrates operation of an
embodiment of the movement detection function/rule.
[0298] FIG. 9 schematically illustrates operation of an
embodiment of the prediction function/rule.

[0299] FIG. 10 schematically illustrates operation of an
embodiment of the right tool function/rule.

[0300] FIG. 11 schematically illustrates operation of an
embodiment of the field of view function/rule.

[0301] FIG. 12 schematically illustrates operation of an
embodiment of the tagged tool function/rule.

[0302] FIG. 13 schematically illustrates operation of an
embodiment of the proximity function/rule.

[0303] FIG. 14 schematically illustrates operation of an
embodiment of the operator input function/rule.
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DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0304] Before explaining at least one embodiment of the
invention in detail, it is to be understood that the invention is
not limited inits application to the details of construction and
the arrangement of the components set forth in the following
description or illustrated in the drawings. The invention is
applicable to other embodiments or of being practiced or
carried out in various ways. Also, it is to be understood that
the phraseology and terminology employed herein is for the
purpose of description and should not be regarded as limiting.
[0305] The term ‘toggle’ refers hereinafter to switching
between one tagged surgical tool to another.

[0306] 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 parts, walls of organs, arteries, veins,
nerves, a region of interest, or any other anatomical part of the
human body.

[0307] The term ‘endoscope’ refers hereinafter to any
means adapted for looking inside the body for medical rea-
sons. This may be any instrument used to examine the interior
of a hollow organ or cavity of the body. The endoscope may
also refer to any kind of a laparascope. It should be pointed
that the following description may refer to an endoscope as a
surgical tool.

[0308] Theterm ‘region ofinterest’ 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 instru-
ment is RESTRICTED, a surgical instrument, or any other
region within the human body.

[0309] 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 ori-
entation of the endoscope, and any combination thereof).
[0310] 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.

[0311] 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.
[0312] 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 sut-
gical or endoscopic instrument, and that can in addition be
adapted to receive commands from a remote source.

[0313] The term ‘tool” or ‘surgical instrument’ refers here-
inafter to any instrument or device introducible 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. It should be further
pointed that the following description may refer to a surgical
tool/instrument as an endoscope.

[0314] 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.

[0315] Theterm ‘automatic’ or ‘automatically’ refers to any
process that proceeds without the necessity of direct interven-
tion or action on the part of a human being.
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[0316] The term ‘ALLOWED movement’ refers hereinaf-
ter to any movement of a surgical tool which is permitted
according to a predetermined set of rules.

[0317] The term ‘RESTRICTED movement’ refers herein-
after 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 an endoscope)
is a movement which maintains the surgical tool within the
favored zone; and a RESTRICTED movement of a surgical
tool (or an endoscope) is a movement which extracts (or
moves) the surgical tool outside the favored zone.

[0318] 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 pro-
cesses the data and commands and executes actions. The time
step size is the elapsed time between time steps.

[0319] Laparoscopic surgery, also called minimally inva-
sive surgery (MIS), is a modern surgical technique in which
operations in the abdomen are performed through small inci-
sions (usually 0.5-1.5 cm) as compared to larger incisions
needed in traditional surgical procedures. The key element in
laparoscopic surgery is the use of a laparoscope, which is a
device adapted for viewing the scene within the body, at the
distal end of the laparoscope. Either an imaging device is
placed at the end of the laparoscope, or a rod lens system or
fiber optic bundle is used to direct this image to the proximal
end of the laparoscope. Also attached is a light source to
illuminate the operative field, inserted through a 5 mm or 10
mm cannula or trocar to view the operative field.

[0320] 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
the abdominal wall above the internal organs like a dome.
Within this space, various medical procedures can be carried
out.

[0321] In many cases, the laparo scope cannot view the
entire working space within the body, so the laparoscope is
repositioned to allow the surgeon to view regions of interest
within the space.

[0322] The present invention discloses a surgical control-
ling system adapted to control the position of at least one
surgical tool during a surgery of the human body. The system
may perform the control by identifying the location of the
surgical tool, and provide instruction to the operator to which
direction the surgical tool may or should be directed, and to
which direction the surgical tool is RESTRICTED from
being moved to.

[0323] According to different embodiments of the present
invention, the surgical controlling system comprises the fol-
lowing components:

[0324] a. at least one surgical tool adapted to be inserted
into a surgical environment of a human body for assist-
ing a surgical procedure;

[0325] b. at least one location estimating means adapted
to real-time estimate/locate the location (i.e., the 3D
spatial position) of the at least one surgical tool at any
given time t;

[0326] c. at least one movement detection means com-
municable with a movement-database and with said
location estimating means; said movement-database is
adapted to store said 3D spatial position of said at least



US 2014/0163359 A1

one surgical tool at time t,and at time t, where t>1,; said
movement detection means is adapted to detect move-
ment of said at least one surgical tool if the 3D spatial
position of said at least one surgical tool at time 1, is
different than said 3D spatial position of'said at least one
surgical tool at time t, and,

[0327] d. a controller having a processing means com-
municable with a database, the controller adapted to
control the spatial position of the at least one surgical
tool;

[0328] Itis within the scope of the present invention that the
database is adapted to store a predetermined set of rules
according to which ALLOWED and RESTRICTED move-
ments 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. In other words, each detected
movement 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.

[0329] Thus, the present invention stores the 3D spatial
position ofeach of said surgical tools at a current at time t and
at time ty; where t>>t,. If the 3D spatial position of said at least
one surgical tool at time t,is different than said 3D spatial
position of said at least one surgical tool at time t, movement
of the tool is detected. Next the system analyses said move-
ment according to said set of rule and process whether said
movement is ALLOWED movement or RESTRICTED
movement.

[0330] According to one embodiment of the present inven-
tion, the system prevents said movement, if said movement is
a RESTRICTED movement. Said movement prevention is
obtained by controlling a maneuvering system which pre-
vents the movement of said surgical tool.

[0331] According to one embodiment of the present inven-
tion, the system does not prevent said movement, (if said
movement is a RESTRICTED movement), but merely sig-
nals/alerts the user (i.e.. the physician) of said RESTRICTED
movement.

[0332] According to another embodiment of the present
invention, said surgical tool is an endoscope.

[0333] According to different embodiments of the present
invention, the controller may provide a suggestion to the
operator as to which direction the surgical tool has to move to
or may be moved to.

[0334] Thus, according to a preferred embodiment of the
present invention, the present invention provides a predeter-
mined set of rules which define what is an “allowed move-
ment” of any surgical tool within the surgical environment
and whatisa “RESTRICTED movement” of any surgical tool
within the surgical environment.

[0335] According to some embodiments the system of the
present invention comprises a maneuvering subsystem com-
municable with the controller, the maneuvering subsystem is
adapted to spatially reposition the at least one surgical tool
during surgery according to the predetermined set of rules.
[0336] According to some embodiments, the controller
may provide instructions to a maneuvering subsystem for
spatially repositioning the location of the surgical tool.
According to these instructions, only ALLOWED move-
ments of the surgical tool will be performed. Preventing
RESTRICTED movements is performed by: detecting the
location of the surgical tool; processing all current rules;
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analyzing the movement of the surgical tool and preventing
the movement if the tool’s movement is a RESTRICTED
movement.

[0337] According to some embodiments, system merely
alerts the physician of a RESTRICTED movement of at least
one surgical tool (instead of preventing said RESTRICTED
movement).

[0338] Alerting the physician of RESTRICTED move-
ments (or, alternatively preventing a RESTRICTED move-
ment) is performed by: detecting the location of the surgical
tool; processing all current rules; analyzing the movement of
the surgical tool and informing the surgeon (the user of the
system) if the tool’s movement is an allowed movement or a
RESTRICTED movement.

[0339] Thus, according to a preferred embodiment of the
present invention, if RESTRICTED movements are pre-
vented, the same process (of detecting the location of the
surgical tool; processing all current rules and analyzing the
movement of the surgical tool) is followed except for the last
movement, where the movement is prevented if the tool’s
movement is a RESTRICTED movement. The surgeon can
also be informed that the movement is being prevented.
[0340] According to another embodiment, the above (alert-
ing the physician and/or preventing the movement) is per-
formed by detecting the location of the surgical tool and
analyzing the surgical environment of the surgical tool. Fol-
lowing analysis of the surgical environment and detection of
the location of the surgical tool, the system may assess all the
risks which may follow a movement of the surgical tool in the
predetermined direction. Therefore, each location in the sur-
gical environment has to be analyzed so that any possible
movement of the surgical tool will be classified as an
ALLOWED movement or a RESTRICTED movement.
[0341] According to one embodiment of the present inven-
tion, the location of each tool is determined using image
processing means and determining in real-time what is the 3D
spatial location of each tool. It should be understood that the
above mentioned “tool” may refer to the 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.

[0342] The predetermined set of rules which are the
essence of the present invention are adapted to take into
consideration all the possible factors which may be important
during the surgical procedure. The predetermined set of rules
may comprise the following rules or any combination thereof’

[0343] a. aroute rule;

[0344] b. an environment rule;

[0345] c. an operator input rule;

[0346] d. a proximity rule;

[0347] e. a collision prevention rule;

[0348] f. a history based rule;

[0349] g. a tool-dependent allowed and RESTRICTED

movements rule.

[0350] h. amost used tool rule;
[0351] 1. aright tool rule;
[0352] j. aleft tool rule;
[0353] k afield of view rule;
[0354] 1. ano fly zone rule;
[0355] m. an operator input rule;
[0356] n. a preferred volume zone rule;
[0357] o.apreferred tool rule;
[0358] p. a movement detection rule,
[0359] Thus, for example, the collision prevention rule

defines a minimum distance below which two or more tools
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should not be brought together (i.e., there is minimum dis-
tance between two or more tools that should be maintained).
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 controller either alerts the
user that the movement is a RESTRICTED movement or does
not permit the movement.

[0360] Tt should be emphasized that all of the above (and
the following disclosure) is enabled by constantly monitoring
the surgical environment, and identifying and locating the 3D
spatial location of each element/tool in the surgical environ-
ment.

[0361] The identification is provided by conventional
means known to any skilled in the art (e.g., image processing,
optical means etc.).

[0362] The following provides explanations for each of the
above mentioned rules and its functions:

[0363] According to some embodiments, the route rule
comprises a predefined route in which the at least one surgical
tool is adapted 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 pre-
defined route, and the RESTRICTED movements are move-
ments 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 data-
base storing at least one predefined route in which the at least
one surgical tool is adapted to move within the surgical envi-
ronment; the predefined route comprises n 3D spatial posi-
tions 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 move-
ments in which the location of the at least one surgical tool is
substantially different from the n 3D spatial positions of the
predefined route.

[0364] 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
movements 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.

[0365] According to some embodiments, the environmen-
tal rule is adapted 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
environmental rule comprises a comprises a communicable
database; the communicable database is adapted to received
real-time images of the surgical environment and is adapted
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 adapted to
determine ALLOWED and RESTRICTED movements
according 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 move-
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ments are movements in which the location of at least one
surgical tool is substantially different from the 3D spatial
positions.

[0366] 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 move-
ments 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 move-
ments 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.

[0367] 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.

[0368] According to some embodiments, the operator input
rule is adapted 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 adapted to
receive an input from the operator of the system regarding
ALLOWED and RESTRICTED movements of the at least
one surgical tool.

[0369] 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 move-
ments 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 positions.

[0370] 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.

[0371] According to other embodiments, the operator input
rule can convert an ALLOWED movement to a
RESTRICTED movement and a RESTRICTED movement
to an ALLOWED movement.

[0372] According to some embodiments, the proximity
rule is adapted to define a predetermined distance between the
atleast one surgical tool and atleast 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 adapted 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 pre-
ferred embodiment, the ALLOWED movements are move-
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ments which are out of the range of the predetermined dis-
tance, while the RESTRICTED movements are within the
range of the predetermined distance

[0373] It should be pointed out that the above mentioned
distance can be selected from the following:

[0374] (f)the distance between the tip of the first tool and
the tip of the second tool,

[0375] (g) the distance between the body of the first tool
and the tip of the second tool,

[0376] (h) the distance between the body of the first tool
and the body of the second tool;

[0377] (i) the distance between the tip of the firsttool and
the body of the second tool; and any combination
thereof.

[0378] According to another embodiment, the proximity
rule is adapted 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
predetermined angle, and RESTRICTED movements are
movements which are out of the range or within the range of
the predetermined angle.

[0379] According to some embodiments, the collision pre-
vention rule is adapted 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.
[0380] According to another embodiment, the anatomical
element is selected from a group consisting of tissue, organ,
another surgical tool or any combination thereof.

[0381] According to some embodiments, the surgical tool
is an endoscope. The endoscope is adapted to provide real-
time images of the surgical environment.

[0382] According to some embodiments, the right tool rule
is adapted 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
amovement in which the endoscope field of view is moved to
alocation substantially different from the location of the right
tool.

[0383] According to some embodiments, the left tool rule is
adapted to determine the ALLOWED movement of the endo-
scope 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
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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.

[0384] According to some embodiments, the field of view
rule is adapted 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 adapted 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 com-
prises a communicable database comprising n 3D spatial
positions; n is an integer greater than or equal to 2; the com-
bination of all of the n 3D spatial positions provides a prede-
termined field of view; the field of view rule is adapted to
determine the ALLOWED movement of the endoscope
within the n 3D spatial positions so as to maintain a constant
field of view, such that the ALLOWED movements are move-
ments 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 endo-
scope is substantially different from the n 3D spatial posi-
tions.

[0385] Thus, according to another embodiment of the field
of view rule, 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 n3D
spatial positions provides a predetermined field of view. The
field of view rule further comprises a communicable database
of m tools and the 3D spacial locations of the same, where in
is an integer greater than or equal to 1 and where atool 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 adapted to determine ALLOWED movement of the endo-
scope such that the m 3D spatial positions of the tools com-
prise 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 substan-
tially different from the n 3D spatial positions of the field of
view.

[0386] 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 adapted to
determine the ALLOWED movement of the endoscope
within the n 3D spatial positions and RESTRICTED move-
ment 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 substan-
tially different from then 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 move-
ment, according to the preferred volume zone rule, is a move-
ment in which the endoscope (or any surgical tool) is moved
to a location within the defined preferred volume. A
RESTRICTED (or any surgical tool) movement, according to
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the preferred volume zone rule, is a movement in which the
endoscope is moved to a location outside the defined pre-
ferred volume.

[0387] According to another embodiment, the preferred
tool rule comprises a communicable database, the database
stores a preferred tool; the preferred tool rule is adapted 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 preferred tool. A
RESTRICTED movement is a movement in which the endo-
scope 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 maintained on the preferred tool. It should be
noted that the user may define in said preferred tool rule to
constantly tack the tip of said preferred tool or alternatively,
the user may define in said preferred tool rule to constantly
track the body or any location on the preferred tool.

[0388] According to some embodiments, the no fly zone
rule is adapted 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 adapted to deter-
mine a RESTRICTED movement if the movement is within
the no fly zone and an ALLOWED movement if the move-
ment 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 substan-
tially different from the n 3D spatial positions.

[0389] According to another embodiment, the most used
tool function is adapted 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 adapted 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 adapted to constantly position the endoscope
to track the movement of the surgical tool with the largest
amount of movement.

[0390] According to another embodiment, the system is
adapted 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.

[0391] According to another embodiment, an ALLOWED
movement is one permitted by the controller and a
RESTRICTED movement is one denied by the controller.
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[0392] According to another embodiment, the operator
input rule function is adapted 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 instruc-
tions from the physician as to what can be regarded as
ALLOWED movements and what are RESTRICTED move-
ments. According to another embodiment, the operator input
rule is adapted to convert an ALLOWED movement to a
RESTRICTED movement and a RESTRICTED movement
to an ALLOWED movement.

[0393] According to some embodiments, the history-based
rule is adapted to determine the ALLOWED and
RESTRICTED movements according to historical move-
ments 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
movement of each surgical tool is stored; the history-based
rule is adapted to determine ALLOWED and RESTRICTED
movements according to historical movements of the at least
one surgical tool, such that the ALLOWED movements are
movements 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 loca-
tion of the at least one surgical tool is substantially different
from the n 3D spatial positions.

[0394] According to some embodiments, the tool-depen-
dent allowed and RESTRICTED movements rule is adapted
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 dimen-
sions, structure, weight, sharpness, and any combination
thereof. Thus, according to this embodiment, the tool-depen-
dent ALLOWED and RESTRICTED movements rule com-
prises a communicable database; the communicable database
is adapted to store predetermined characteristics of at least
one of the surgical tools; the tool-dependent ALLOWED and
RESTRICTED movements rule is adapted to determine
ALLOWED and RESTRICTED movements according to the
predetermined characteristics of the surgical tool.

[0395] 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.

[0396] According to this embodiment, the user can define,
e.g., the structure of the surgical tool he wishes the endoscope
to track. Thus, according to the tool-dependent allowed and
RESTRICTED movements rule the endoscope constantly
tracks the surgical tool having said predetermined character-
istics as defined by the user.

[0397] According to another embodiment of the present
invention, the movement detection rule comprises a commu-
nicable database comprising the real-time 3D spatial posi-
tions of each surgical tool. Said movement detection rule is
adapted 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 movements in which
the endoscope is re-directed to focus on the moving surgical
tool.

[0398] According to another embodiment of the present
invention, the system further comprises a maneuvering sub-
system communicable with the controller. The maneuvering
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subsystem is adapted to spatially reposition the at least one
surgical tool during a surgery according to the predetermined
set of rules.

[0399] According to some embodiments, the at least one
location estimating means is at least one endoscope adapted
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.

[0400] According to another embodiment, the location esti-
mating means comprise at least one selected from a group
consisting of optical imaging means, radio frequency trans-
mitting and receiving means, at least one mark on at least one
surgical tool and any combination thereof.

[0401] According to another embodiment, the at least one
location estimating means is an interface subsystem between
a surgeon and at least one surgical tool, the interface sub-
system comprising (a) at least one array comprising N regular
light sources or N pattern light sources, where N is a positive
integer; (b)atleastone array comprising M cameras, where M
is a positive integer; (c) 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 adapted 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 adapted to provide automatically the results of the
calculation to the human operator of the interface.

[0402] It is well known that surgery is a highly dynamic
procedure with a constantly changing environment which
depends on many variables. A non-limiting list of these vari-
ables includes, for example: the type of the surgery, the work-
ing space (e.g., with foreign objects, dynamic uncorrelated
movements, etc), the type of tools used during the surgery,
changing background, relative movements, dynamic proce-
dures, dynamic input from the operator and the history of the
patient. Therefore, there is need for a system which is able to
integrate all the variables by weighting their importance and
deciding to which spatial position the endoscope should be
relocated.

[0403] The present invention can be also utilized to
improve the interface between the operators (e.g., the sur-
geon, the operating medical assistant, the surgeon’s col-
leagues, etc.). Moreover, the present invention can be also
utilized to control and/or direct an automated maneuvering
subsystem to focus the endoscope on an instrument selected
by the surgeon, or to any other region of interest. This may be
performed in order to estimate the location of at least one
surgical tool during a surgical procedure.

[0404] The present invention also discloses a surgical
tracking system which is adapted to guide and relocate an
endoscope to a predetermined region of interest in an auto-
matic and/or a semi-automatic manner. This operation is
assisted by an image processing algorithm(s) which is
adapted to analyze the received data from the endoscope in
real time, and to assess the surgical environment of the endo-
scope.

[0405] According to an embodiment, the system comprises
a “smart” tracking subsystem, which receives instructions
from a maneuvering function f(t) (t is the time) as to where to
direct the endoscope and which instructs the maneuvering
subsystem to relocate the endoscope to the required area.
[0406] The maneuvering function f(t) receives, as input,
output from at least two instructing functions g,(t), analyses
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their output and provides instruction to the “smart” tracking
system (which eventually re-directs the endoscope).

[0407] According to some embodiments, each instructing
function g,(t) is also given a weighting function, o, (t).
[0408] The instructing functions g,(t) of the present inven-
tion are functions which are configured to assess the environ-
ment of the endoscope and the surgery, and to output data
which guides the tracking subsystem for controlling the spa-
tial position of the maneuvering subsystem and the endo-
scope. The instructing functions g,(t) may be selected from a
group consisting of:

[0409] a. a tool detection function g, (t);
[0410] b.amovement detection function g,(1);
[0411] c. an organ detection function g,(t);
[0412] d. a collision detection function g,(t);
[0413] e. an operator input function g4(t);
[0414] f. a prediction function g(t);
[0415] g. a past statistical analysis function g,(1);
[0416] h. a most used tool function gg(t);
[0417] 1. aright tool function g(t);
[0418] j. a left tool function g, (1);
[0419] k. afield of view function g, ,(t);
[0420] 1. a preferred volume zone function g;,(t);
[0421] m. a no fly zone function g5(t);
[0422] n. a proximity function g, ,(1);
[0423] o. a tagged tool function g, 4(1);
[0424] p. a preferred tool function g, 4(t).

[0425] Thus, for example, the maneuvering function f{(t)

receives input from two instructing functions: the collision
detection function g,(t) (the function providing information
whether the distance between two elements is smaller than a
predetermined distance) and from the most used tool function
2.(1) (the function counts the number of times each tool is
moved during a surgical procedure and provides information
as to whether the most moved or most used tool is currently
moving). The output given from the collision detection func-
tion g,(t) is that a surgical tool is dangerously close to an
organ in the surgical environment. The output given from the
most used tool function gg(t) is that the tool identified statis-
tically as the most moved tool is currently moving.
[0426] The maneuvering function f{t) then assigns each of
the instructing functions with weighting functions «,(t). For
example, the most used tool function gg(t) is assigned with a
greater weight than the weight assigned to the collision detec-
tion function g,(t).
[0427] After the maneuvering function f{t) analyses the
information received from the instructing functions g,(t) and
the weighting functions ¢,(t) of each, the same outputs
instructions to the maneuvering subsystem to re-direct the
endoscope (either to focus on the moving tool or on the tool
approaching dangerously close to the organ).
[0428] It should be emphasized that all of the above (and
the following disclosure) is enabled by constantly monitoring
and locating/identifying the 3D spatial location of each ele-
ment/tool in the surgical environment.
[0429] The identification is provided by conventional
means known to any skilled in the art (e.g., image processing,
optical means etc.).
[0430] According to some embodiments, the surgical
tracking subsystem comprises:

[0431] a. at least one endoscope adapted to acquire real-

time images of a surgical environment within the human
body;
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[0432] b. a maneuvering subsystem adapted to control
the spatial position of the endoscope during the laparo-
scopic surgery; and,

[0433] c. a tracking subsystem in communication with
the maneuvering subsystem, adapted to control the
maneuvering subsystem so as to direct and modify the
spatial position of the endoscope to a region of interest.

[0434] According to this embodiment, the tracking sub-
system comprises a data processor. The data processor is
adapted to perform real-time image processing of the surgical
environment and to instruct the maneuvering subsystem to
modify the spatial position of the endoscope according to
input received from a maneuvering function f(t); the maneu-
vering function {{t) is adapted to (a) receive input from at least
two instructing functions g,(t), whereiis 1,...,nandn=2 and
where t is time; 1 and n are integers; and (b) to output instruc-
tions to the maneuvering subsystem based on the input from
the at least two instructing functions g,(t). so as to spatially
position the endoscope to the region of interest.

[0435] According to one embodiment, the tool detection
function g, (t) is adapted to detect tools in the surgical envi-
ronment. According to this embodiment, the tool detection
function is adapted to detect surgical tools in the surgical
environment and to output instructions to the tracking sub-
system to instruct the maneuvering subsystem to direct the
endoscope to the detected surgical tools.

[0436] According to some embodiments, the functions g,(t)
may rank the different detected areas in the surgical environ-
ment according to a ranking scale (e.g., from 1 to 10) in which
prohibited areas (i.e., areas which are defined as area to which
the surgical tools are forbidden to ‘enter) receive the lowest
score (e.g., 1) and preferred areas (i.e., areas which are
defined as area in which the surgical tools should be main-
tained) receive the highest score (e.g., 10).

[0437] According to a preferred embodiment, one function
g, (1) is adapted to detect tools in the surgical environment and
inform the maneuvering function f{t) if they are in preferred
areas or in prohibited areas.

[0438] According to some embodiments, the movement
detection function g,(t) comprises a communicable database
comprising the real-time 3D spatial positions of each of the
surgical tools in the surgical environment; means to detect
movement of the at least one surgical tool when a change in
the 3D spatial positions is received, and means to output
instructions to the tracking subsystem to instruct the maneu-
vering subsystem to direct the endoscope to the moved sur-
gical tool.

[0439] According to some embodiments, the organ detec-
tion function g,(t) is adapted to detect physiological organs in
the surgical environment and to classify the detected organs
as prohibited areas or preferred areas. For example, if the
operator instructs the system that the specific surgery is kid-
ney surgery, the organ detection function g,(t) will classify
the kidneys (or one kidney, if the surgery is specified to be on
a single kidney) as a preferred area and other organs will be
classified as prohibited areas. According to another embodi-
ment, the organ detection function is adapted to detect organs
in the surgical environment and to output instructions to the
tracking subsystem to instruct the maneuvering subsystem to
direct the endo scope to the detected organs. According to
some embodiments, the right tool function is adapted to
detectsurgical tool positioned to right of the endoscope and to
output instructions to the tracking subsystem to instruct the
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maneuvering system to constantly direct the endoscope on
the right tool and to track the right tool.

[0440] According to another embodiment, the left tool
function is adapted to detect surgical tool positioned to left of
the endoscope and to output instructions to the tracking sub-
system to instruct the maneuvering system to constantly
direct the endoscope on the left tool and to track the left tool.
[0441] According to some embodiments, the collision
detection function g,(t) is adapted to detect prohibited areas
within the surgical environment so as to prevent collisions
between the endo scope and the prohibited areas. For
example, if the endoscope is located in a narrow area in which
a precise movement of the same is preferred, the collision
detection function g,,(t) will detect and classify different areas
(e.g., nerves, veins, walls of organs) as prohibited areas. Thus,
according to this embodiment, the collision prevention func-
tion is adapted to define a predetermined distance between the
atleast one surgical tool and an anatomical element within the
surgical environment; and to output instructions to the track-
ing subsystem to instruct the maneuvering subsystem to
direct the endoscope to the surgical tool and the anatomical
element within the surgical environment if the distance
between the at least one surgical tool and an anatomical
element is less than the predetermined distance. According to
one embodiment of the present invention the anatomical ele-
ment is selected from a group consisting of tissue, organ,
another surgical tool and any combination thereof.

[0442] According to some embodiments, the operator input
function g4(t) is adapted to receive an input from the operator.
The input can be, for example: an input regarding prohibited
areas in the surgical environment, an input regarding allowed
areas in the surgical environment, or an input regarding the
region of interest and any combination thereof. The operator
input function g,(t) can receive instructions from the operator
before or during the surgery, and respond accordingly.
According to some embodiments, the operator input function
may further comprise a selection algorithm for selection of
areas selected from a group consisting of prohibited areas,
allowed areas, regions of interest, and any combination
thereof. The selection may be performed via an input device
(e.g., a touch screen).

[0443] According to some embodiments, the operator input
function g,(t) comprises a communicable database; the com-
municable database is adapted to receive an input from the
operator of the system; the input comprising n 3D spatial
positions; n is an integer greater than or equal to 2; and to
output instructions to the tracking subsystem to instruct the
maneuvering subsystem to direct the endoscope to the at least
one 3D spatial position received.

[0444] According to some embodiments, the prediction
function g(t) is adapted to provide data regarding a surgical
environment at a time t>t,, wherein t, is the present time and
t,is a future time. The prediction function g4(t) may commu-
nicate with a database which stores data regarding the envi-
ronment of the surgery (e.g., the organs in the environment).
This data may be used by the prediction function g¢(t) for the
prediction of expected or unexpected events or expected or
unexpected objects during the operation. Thus, according to
this embodiment, the prediction function g.(t) comprises a
communicable database storing each 3D spatial position of
each of surgical tool within the surgical environment, such
that each movement of each surgical tool is stored; the pre-
diction function is adapted to (a) to predict the future 3D
spatial position of each of the surgical tools (or each object);
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and, (b) to output instructions to the tracking subsystem to
instruct the maneuvering subsystem to direct the endoscope
to the future 3D spatial position.

[0445] According to some embodiments, the past statistical
analysis function g,(t) is adapted to provide data regarding
the surgical environment or the laparoscopic surgery based on
past statistical data stored in a database. The data regarding
the surgical environment may be for example: data regarding
prohibited areas, data regarding allowed areas, data regarding
the region of interest and any combination thereof. Thus,
according to this embodiment, the past statistical analysis
function g4(t) comprises a communicable database storing
each 3D spatial position of each of surgical tool within the
surgical environment, such that each movement of each sur-
gical tool is stored; the past statistical analysis function g4(t)
is adapted to (a) perform statistical analysis on the 3D spatial
positions of each of the surgical tools in the past; and, (b) to
predict the future 3D spatial position of each of the surgical
tools; and, (c) to output instructions to the tracking subsystem
to instruct the maneuvering subsystem to direct the endo-
scope to the future 3D spatial position. Thus, according to the
past statistical analysis function g,(t), the past movements of
each tool are analyzed and, according to this analysis, a pre-
diction of the tool’s next move is provided.

[0446] According to another embodiment, the most used
tool function gg(t) comprises a communicable database
counting the amount of movement of each surgical tool
located within the surgical environment; the most used tool
function is adapted to output instructions to the tracking sub-
system to instruct the maneuvering subsystem to direct the
endoscope to constantly position the endoscope to track the
movement of the most moved surgical tool. The amount of
movement of a tool can be defined as the total number of
movements of that tool or the total distance the tool has
moved.

[0447] According to some embodiments, the right tool
function gg(t) is adapted to detect at least one surgical tool in
a specified position in relation to the endoscope, preferably
positioned to right ofthe endoscope and to output instructions
to the tracking subsystem to instruct the maneuvering sub-
system to constantly direct the endoscope to the right tool and
to track the same. According to preferred 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.

[0448] According to another embodiment, the left tool
function g, () is adapted to detect at least one surgical tool in
a specified position in relation to the endoscope, preferably
positioned to left of the endoscope and to output instructions
to the tracking subsystem to instruct the maneuvering sub-
system to constantly direct the endoscope to the left tool and
to track the same. According to preferred 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.

[0449] According to another embodiment, the field of view
function g, , (t) comprises a communicable database compris-
ing 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
function is adapted to output instructions to the tracking sub-
system to instruct the maneuvering subsystem to direct the
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endoscope to at least one 3D spatial position substantially
within the n 3D spatial positions so as to maintain a constant
field of view.

[0450] According to another embodiment, the preferred
volume zone function g, ,(t) comprises a communicable data-
base comprising n 3D spatial positions; n is an integer greater
than or equal to 2; the n 3D spatial positions provide the
preferred volume zone; the preferred volume zone function
g,,(t) is adapted to output instructions to the tracking sub-
system to instruct the maneuvering subsystem to direct the
endoscope to at least one 3D spatial position substantially
within the preferred volume zone.

[0451] According to another embodiment, the no fly zone
function g, ;(t) comprises a communicable database compris-
ing n 3D spatial positions; nis 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 function
2,5(t) is adapted to output instructions to the tracking sub-
system to instruct the maneuvering subsystem to direct the
endo scope to at least one 3D spatial position substantially
different from all the n 3D spatial positions.

[0452] According to some embodiments, the proximity
function g, (1) is adapted to define a predetermined distance
between at least two surgical tools; and to output instructions
to the tracking subsystem to instruct the maneuvering sub-
system to direct the endoscope to the two surgical tools if the
distance between the two surgical tools is less than or if it is
greater than the predetermined distance.

[0453] According to another embodiment, the proximity
function g,,(t) is adapted to define a predetermined angle
between at least three surgical tools; and to output instruc-
tions to the tracking subsystem to instruct the maneuvering
subsystem to direct the endoscope to the three surgical tools
if the angle between the two surgical tools is less than or if it
is greater than the predetermined angle.

[0454] According to another embodiment, the preferred
volume zone function comprises communicable database
comprising n 3D spatial positions; n is an integer greater than
or equals to 2; the n 3D spatial positions provides the pre-
ferred volume zone; the preferred volume zone function is
adapted to output instructions to the tracking subsystem to
instruct the maneuvering system to direct the endo scope to
the preferred volume zone.

[0455] According to another embodiment, the field of view
function comprises a communicable database comprising n
3D spatial positions; n is an integer greater than or equals to
2; the combination of all of the n 3D spatial positions provides
a predetermined field of view; the field of view function is
adapted to output instructions to the tracking subsystem to
instruct the maneuvering system to direct the endoscope to at
least one 3D spatial position substantially within the n 3D
spatial positions so as to maintain a constant field of view.
[0456] According to another embodiment, the no fly zone
function comprises a communicable database comprising n
3D spatial positions; n is an integer greater than or equals to
2; the n 3D spatial positions define a predetermined volume
within the surgical environment; the no fly zone function is
adapted to output instructions to the tracking subsystem to
instruct the maneuvering system to direct the endoscope to at
least one 3D spatial position substantially different from all
the n 3D spatial positions.

[0457] According to another embodiment, the most used
tool function comprises a communicable database counting
the amount of movement of each surgical tool located within
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the surgical environment; the most used tool function is
adapted to output instructions to the tracking subsystem to
instruct the maneuvering system to direct the endoscope to
constantly position the endo scope to track the movement of
the most moved surgical tool.

[0458] According to some embodiments, the prediction
function g(t) is adapted to provide data regarding a surgical
environment in a time t>t, wherein t is the present time and t,
is the future time. The prediction function g4(t) may commu-
nicate with a database which stores data regarding the envi-
ronment of the surgery (e.g., the organs in the environment).
This data may be used by the prediction function g¢(t) for the
prediction of expected or unexpected events or object during
the operation. Thus, according to this embodiment, the pre-
diction function comprises a communicable database storing
each 3D spatial position of each of surgical tool within the
surgical environment, such that each movement of each sur-
gical tool is stored; the prediction function is adapted to (a) to
predict the future 3D spatial position of each of the surgical
tools; and, (b) to output instructions to the tracking subsystem
to instruct the maneuvering system to direct the endoscope to
the future 3D spatial position.

[0459] According to some embodiments, the past statistical
analysis function g,(t) is adapted to provide data regarding
the surgical environment or the laparoscopic surgery based on
past statistical data stored in a database. The data regarding
the surgical environment may be for example: data regarding
prohibited areas, data regarding allowed areas, data regarding
the region of interest. Thus, according to this embodiment,
the past statistical analysis function comprises a communi-
cable database storing each 3D spatial position of each of
surgical tool within the surgical environment, such that each
movement of each surgical tool is stored; the past statistical
analysis function is adapted to (a) statistical analyze the 3D
spatial positions of each of the surgical tools in the past; and,
(b) to predict the future 3D spatial position of each of the
surgical tools; and, (c) to output instructions to the tracking
subsystem to instruct the maneuvering system to direct the
endoscope to the future 3D spatial position. Thus, according
to the past statistical analysis function g,(t), the past move-
ments of each tool are analyzed and according to this analysis
a future prediction of the tool’s next move is provided.
[0460] According to some embodiments, preferred tool
function comprises a communicable database, the database
stores a preferred tool; the preferred tool function is adapted
to output instructions to the tracking subsystem to instruct the
maneuvering system to constantly direct the endoscope to the
preferred tool, such that said endoscope constantly tracks said
preferred tool.

[0461] Thus, according to the preferred tool function the
endoscope constantly tracks the preferred tool, such that the
field of view, as seen from the endoscope, is constantly main-
tained on said preferred tool. It should be noted that the user
may define in said preferred tool function to constantly tack
the tip of said preferred tool or alternatively, the user may
define in said preferred tool function to constantly track the
body or any location on the preferred tool.

[0462] According to some embodiments, the tagged tool
function g,5(t) comprises means adapted to tag at least one
surgical tool within the surgical environment and to output
instructions to the tracking subsystem to instruct the maneu-
vering subsystem to constantly direct the endoscope to the
tagged surgical tool. Thus, according to the tagged tool func-
tion the endoscope constantly tracks the preferred (i.e.,
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tagged) tool, such that the field of view, as seen from the
endoscope, is constantly maintained on said preferred
(tagged) tool. Tt should be noted that the user may define in
said tagged tool function to constantly tack the tip of said
preferred (tagged) tool or alternatively, the user may define in
said tagged tool function to constantly track the body or any
location on the preferred (tagged) tool.

[0463] According to some embodiments, the means are
adapted to constantly tag the at least one of surgical tool
within the surgical environment.

[0464] According to some embodiments, the preferred tool
function g, 4(t) comprises a communicable database. The
database stores a preferred tool; and the preferred tool func-
tion is adapted to output instructions to the tracking sub-
system to instruct the maneuvering subsystem to direct the
endoscope to the preferred tool.

[0465] According to some embodiments, the system fur-
ther comprises means adapted to re-tag the at least one of the
surgical tools until a desired tool is selected.

[0466] According to some embodiments, the system fur-
ther comprises means adapted to toggle the surgical tools.
According to some embodiments, the toggling is performed
manually or automatically.

[0467] According to different embodiments of the present
invention, the weighting functions o(t) are time-varying
functions (or constants), the value of which is determined by
the operator or the output of the instructing functions g,(t). For
example, if a specific function g,(t) detected an important
event or object, its weighting functions o,(t) may be adjusted
in order to elevate the chances that the maneuvering function
f{t) will instruct the maneuvering subsystem to move the
endoscope towards this important event or object.

[0468] According to different embodiments of the present
invention, the tracking subsystem may implement various
image processing algorithms which may also be algorithms
that are well known in the art. The image processing algo-
rithms may be for example: image stabilization algorithms,
image improvement algorithms, image compilation algo-
rithms, image enhancement algorithms, image detection
algorithms, image classification algorithms, image correla-
tions with the cardiac cycle or the respiratory cycle of the
human body, smoke reduction algorithms, vapor reduction
algorithms, steam reduction algorithms and any combination
thereof. Smoke, vapor and steam reduction algorithms may
be needed as it is known that, under certain conditions,
smoke, vapor or steam may be emitted by or from the endo-
scope. The image processing algorithm may also be imple-
mented and used to analyze 2D or 3D representations which
may be rendered from the real-time images of the surgical
environment.

[0469] According to different embodiments, the endoscope
may comprise an image acquisition device selected from a
group consisting of: a camera, a video camera, an electromag-
netic sensor, a computer tomography imaging device, a fluo-
roscopic imaging device, an ultrasound imaging device, and
any combination thereof.

[0470] According to some embodiments, the system may
also comprise a display adapted to provide input or output to
the operator regarding the operation of the system. The dis-
play may be used to output the acquired real-time images of a
surgical environment with augmented reality elements. The
display may also be used for the definition of the region of
interest by the operator.
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[0471] According to some embodiments, the endoscope
may be controlled be an endoscope controller for performing
operations such as: acquiring the real-time images and zoom-
ing-in to a predetermined area. For example, the endoscope
controller may cause the endoscope to acquire the real-time
images in correlation with the cardiac cycle or the respiratory
cycle of a human body.

[0472] According to different embodiments, the data pro-
cessor of the present invention may operate a pattern recog-
nition algorithm for assisting the operation of the instructing
functions g,(1). The pattern recognition algorithm may be
used as part of the image processing algorithm.

[0473] It should be emphasized that all of the above (and
the following disclosure) is enabled by constantly monitoring
and locating/identifying the 3D spatial location of each ele-
ment/tool in the surgical environment.

[0474] The identification is provided by conventional
means known to any skilled in the art (e.g., image processing,
optical means etc.).

[0475] Thepresent invention further discloses a method for
assisting an operator to perform a surgical procedure, com-
prising steps of:

[0476] a. providing a surgical controlling system, com-
prising: (i) at least one surgical tool; (ii) at least one
location estimating means; and (iii) a controller having a
processing means communicable with a database;

[0477] b. inserting the at least one surgical tool into a
surgical environment of a human body;

[0478] c. estimating the location of the at least one sur-
gical tool within the surgical environment; and,

[0479] d. controlling the spatial position of the at least
one surgical tool within the surgical environment by
means of the controller; wherein the step of controlling
is performed by storing a predetermined set of rules in
the database where the predetermined set of rules com-
prises ALLOWED and RESTRICTED movements of
the at least one surgical tool, such that the spatial posi-
tion of the at least one surgical tool is controlled by the
controller according to the ALLOWED and
RESTRICTED movements.

[0480] The present invention also discloses a method for
assisting an operator to perform laparoscopic surgery on a
human body. The method comprises steps of:

[0481] a. providing a surgical tracking system, compris-
ing: (i) at least one endoscope adapted to acquire real-
time images of a surgical environment within the human
body; (ii) a maneuvering subsystem in communication
with the endoscope; and (iii) a tracking subsystem in
communication with the maneuvering subsystem, the
tracking subsystem comprising a data processor;

[0482] b. performing real-time image processing of the
surgical environment;

[0483] c. controlling the maneuvering subsystem via the
tracking subsystem, thereby directing and modifying the
spatial position of the endoscope to a region of interest
according to input received from a maneuvering func-
tion f(t);

[0484] the maneuvering function f(t) is adapted to (a)
receive input from at least two instructing functions g(t),
whereiis 1, ..., nand nz2; where t is time; 1 and n are
integers; and (b) to output instructions to the maneuver-
ing subsystem based on the input from the at least two
instructing functions g,(t), so as to spatially position the
endo scope to the region of interest.
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[0485] 1t should be emphasized that all of the above (and
the following disclosure) is enabled by constantly monitoring
and locating/identifying the 3D spatial location of each ele-
ment/tool in the surgical environment.

[0486] The identification is provided by conventional
means known to any skilled in the art (e.g., image processing,
optical means etc.).

[0487] The present invention further discloses a surgical
controlling system, comprising:

[0488] a. atleast one endoscope adapted to provide real-
time image of surgical environment of a human body;

[0489] b. at least one processing means, adapted to real
time define n element within the real-time image of
surgical environment of a human body; each of the ele-
ments is characterized by predetermined characteristics;

[0490] c. image processing means in communication
with the endoscope, adapted to image process the real-
time image and to provide real time updates of the pre-
determined characteristics;

[0491] d. a communicable database, in communication
with the processing means and the image processing
means, adapted to store the predetermined characteris-
tics and the updated characteristics;

[0492] the system is adapted to notify the operator if the
updated characteristics are substantially different from
the predetermined characteristics.

[0493] Thus, according to this embodiment, each element
in the surgical environment is characterized. The character-
istics are constantly monitored. If the characteristics change
substantially, the system notifies the user.

[0494] For example, the element that is monitored could be
an organ and the characteristic being monitored is its con-
tours. Once the contours have significantly changed (which
could imply that the organ has been e.g., carved) the system
alerts the user.

[0495] It should be emphasized that all of the above is
enabled by constantly monitoring and locating/identifying
the 3D spatial location of each element/tool in the surgical
environment.

[0496] The identification is provided by conventional
means known to any skilled in the art (e.g., image processing,
optical means etc.).

[0497] According to another embodiment, the predeter-
mined characteristics are selected from a group consisting of’
color of the element, 3D spatial location of the element,
contours of the element, and any combination thereof.
[0498] According to another embodiment, the system addi-
tionally comprises at least one surgical tool adapted to be
inserted into a surgical environment of a human body for
assisting a surgical procedure.

[0499] According to another embodiment, the system addi-
tionally comprises at least one location estimating means
adapted to estimate the location of the at least one surgical
tool.

[0500] According to another embodiment, the system addi-
tionally comprises a controller having a processing means
communicable with a database, the controller adapted to con-
trol the spatial position of the at least one surgical tool.
[0501] The present invention further provides a method for
controlling surgery, comprising steps of:

[0502] a. obtaining a system comprising:

[0503] 1. at least one endoscope adapted to provide real-
time image of a surgical environment in a human body;
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[0504] ii. at least one processing means, adapted to
define in real time n elements within the real-time image
of the surgical environment of a human body, n is an
integer greater than 0; each of the elements character-
ized by predetermined characteristics;

[0505] 1iii. image processing means in communication
with the endoscope, adapted to process the real-time
image and to provide real time updates of the predeter-
mined characteristics;

[0506] iv. a communicable database, in communication
with the processing means and the image processing
means, adapted to store the predetermined characteris-
tics and the updated characteristics;

[0507] b. providing a real-time image of a surgical environ-
ment in a human body:

[0508] c. defining the n elements;

[0509] d.characterizing each of the elements by the prede-
termined characteristics;

[0510] e.providing areal-time update of the predetermined
characteristics;

[0511] f.notifying the user if the updated characteristics are
substantially different from the predetermined character-
istics.

[0512] According to another embodiment, the predeter-
mined characteristics are selected from a group consisting of:
color of the element, 3D spatial location of the element,
contours of the element and any combination thereof.
[0513] According to another embodiment, the method
additionally comprises a step of providing at least one surgi-
cal tool adapted to be inserted into a surgical environment of
a human body for assisting a surgical procedure.
[0514] According to another embodiment, the method
additionally comprises a step of providing at least one loca-
tion estimating means adapted to estimate the location of the
at least one surgical tool.
[0515] According to another embodiment, the method
additionally comprises a step of providing a controller having
a processing means communicable with a database, the con-
troller adapted to control the spatial position of the at least one
surgical tool.
[0516] According to another embodiment, the system of
the present invention additionally comprises an image pro-
cessing unit. According to another embodiment, the image
processing unit is adapted to reduce ‘noise’ from the received
image by reducing the visibility in the image of the smoke
caused by e.g., coagulation. According to another embodi-
ment, the image processing unit is adapted to reduce ‘noise’
from the received image by reducing the visibility in the
image of vapor or steam accumulated on the endoscope.

[0517] According to another embodiment, the right tool

function is adapted to instruct the maneuvering subsystem to

constantly position the endoscope to track the movement of
the right tool (i.e., the tool positioned to the right of the
endoscope).

[0518] According to another embodiment, the left tool

function is adapted to instruct the maneuvering subsystem to

constantly position the endoscope to track the movement of
the left tool (i.e., the tool positioned to the left of the endo-
scope).

[0519] According to another embodiment, the field of view

function is adapted to instruct the maneuvering subsystem to

constantly position the endoscope so as to maintain a constant
field of view.
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[0520] According to another embodiment, the no fly zone
function is adapted to define (either real-time, during the
procedure or prior to the procedure) a no fly zone and to
instruct the maneuvering subsystem to restrict entrance of the
endoscope to the no fly zone.

[0521] According to another embodiment, the most used
tool function is adapted 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
the most-used tool.

[0522] The following figures provide examples of several
of the above mentioned rules and functions.

[0523] Reference is made now to FIG. 1, which is a general
schematic view of a specific embodiment of a surgical track-
ing system 100. In this figure are illustrated surgical instru-
ments 176 and 17¢ and an endoscope 21 which may be
maneuvered by means of maneuvering subsystem 19 accord-
ing to the instructions received from a tracking subsystem
operable by computer 15.

[0524] According to one embodiment of the present inven-
tion as defined in the above, the user may define the field of
view function as constantly monitoring at least one of surgical
instruments 175 and 17¢.

[0525] According to this embodiment, the surgical tracking
system 100 may also comprise one or more button operated
wireless transmitters 12a, which transmit, upon activation, a
single code wave 14 through aerial 13 to connected receiver
11 that produces a signal processed by computer 15, thereby
directing and modifying the spatial position of endoscope 21
to the region of interest, as defined by the field of view
function.

[0526] Alternatively, according to the proximity rule, if the
distance between the surgical instruments 176 and 17¢ is
smaller than a predetermined distance (as defined by the
collision prevention rule), the system alerts the user that any
movement of either one of the surgical instruments 175 and
17¢ that will reduce the distance is a RESTRICTED move-
ment.

[0527] Reference is made now to FIG. 2, which schemati-
cally illustrates the operation of the present invention.
According to this figure, the system of the present invention
comprises a display 30 in which the overall procedure is
presented to the operator. In this figure an endoscope is auto-
matically spatially repositioned towards a region of interest
38.

[0528] The region of interest to which the endoscope is
repositioned comprises tools 375 and 37¢, which are auto-
matically detected by the tracking subsystem (not shown) of
computer 15. According to different embodiments, the repo-
sitioning of the endoscope may be automatic or semi-auto-
matic. For example, according to FIG. 2, a light depression of
the button on generic code-emitting wireless transmitter 124
causes transmission of a code that is received by receiver
aerial 13 communicated through connected receiver 11 to
computer 15. This operation causes the endoscope of the
present invention to be spatially repositioned to the pre-
defined region of interest (e.g., the location in which the
working tools are located). According to this embodiment of
the present invention, the operator may define the region of
interest as the region in which a tip 355 of tool 375 is found.
[0529] According to another embodiment, the operator can
define one of the surgical instruments 175 and 17¢ as a pre-
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ferred tool. Thus, according to the preferred tool rule, the
endoscope will constantly monitor and track the body of the
selected tool. According to another embodiment, the user can
define the preferred tool rule to constantly reposition the
endoscope on the tip of the same (see tip 354 in FIG. 2).

[0530] According to the embodiment illustrated in FIG. 2,
the activation of the system is provided by a button that
signals to the system that it is to be activated.

[0531] According to another embodiment of the present
invention, the button can be coupled to the desired tool to be
monitored, such that the endoscope will monitor the tool to
which the button is coupled (and from which signal 124 is
emitted).

[0532] Referring again to FIG. 2, once a region of interest
has been defined, the tracking subsystem is adapted to look
for tip 356 within the region of interest by performing image
processing. When tip 350 is not detected by the tracking
subsystem, the system can move the endoscope in a forward
direction along a predefined track. When tip 355 is detected
by the tracking subsystem, the endoscope automatically
focuses of the region of interest.

[0533] While performing the surgery, the surgeon often
changes the position of his tools and even their insertion
point. In order to realize a position and range system, many
well-known technologies may be used. For example, the tools
may be equipped with switches. If the switches emit wireless
signals, then an array of antennas may be used to compare the
power of the signal received at each antenna in order to
determine the angle of the switch and its approximate range to
the camera holder mechanism. If the switch emits ultrasound
then ultrasound-sensitive microphones can be used to trian-
gulate the position of the switch. The same is true for a
light-emitting switch. In a preferred embodiment of the
invention, a single wireless emission code is utilized and
choice is achieved by a visible graphic representation on a
conventional viewing screen.

[0534] In another preferred embodiment, each instrument
is fitted with a unique code wireless transmitter, and selection
is achieved by depressing its button.

[0535] According to different embodiments, the tracking
subsystem of the present invention may be used in any con-
ventional camera-assisted laparoscopic surgery system
which comprises an endoscope. Upon depression of at least
one button on a transmitter for activating the tracking sub-
system, either a generic or a unique code is transmitted to a
receiving device connected to a computer that instructs the
maneuvering subsystem to reposition the endoscope to a
region of interest.

[0536] For example, the system of the present invention
may be used to allow an operator (e.g., a surgeon) to present
the surgical instrument to surgical colleagues and staff. By
identifying the surgical instrument via the tracking sub-
system, the endoscope directs the view to the predefined
region of interest.

[0537] According to some embodiments, the tracking sub-
system may identify a surgical tool after characterization of
the same prior to the surgery. The characteristics of the sur-
gical tool may be stored in a database for further use in the
image processing algorithm. Upon depression of at least one
button, the tracking subsystem may instruct the maneuvering
subsystem to move the endoscope so as to achieve the desired
focus on a specific region of interest.
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[0538] The device of the present invention has many tech-

nological advantages, among them:

[0539] Simplifying the communication
between surgeon and mechanical assistants.

[0540] Seamless interaction with conventional comput-
erized automated endoscope systems.

[0541] Simplicity of construction and reliability.

[0542] User-friendliness.

[0543] Additional features and advantages of the invention

will become apparent from the following drawings and

description.

[0544] To improve the control of the endoscope, the system

of the present invention comprises a maneuvering subsystem.

Many maneuvering systems are known in the art and many of

them have several degrees of freedom:

[0545] (a) one degree of freedom enables the system to
move the endoscope or laparoscope forward and back-
wards;

[0546] (b) another degree of freedom enables the system to
move the endoscope or laparoscope in a zoom movement
i.e.inand out of the patient’s body through the penetration
point;

[0547] (c) another degree of freedom enables the system to
move the endoscope or laparoscope to the right and left;
[0548] (d) another degree of freedom enables the system to
fine tune endoscope or laparoscope movements to the right

and to the left;

[0549] (e) another degree of freedom enables the system to
fine tune endoscope or laparoscope movements forward
and backwards;

[0550] (f) another degree of freedom enables the system to
rotate the camera with respect to the endoscope’s long axis.
This degree of freedom is necessary to keep the horizon of
the image from changing when using an endoscope with
“angled edge”.

[0551] Such maneuvering systems are utilized by the
present invention so as to reposition the endo scope to the
desired location.
[0552] The present invention is utilized to improve upon the
interface between surgeon and automated assistants by com-
municating the surgeon’s current instrument of choice, sup-
plying location data to the image processing computing soft-
ware, thereby directing the endoscope to focus on that choice.
The technology relies on marrying a conventional laparo-
scopic system with data obtained from e.g., small RF trans-
mitters attached to a surgical tool or, alternatively, data
obtained from light emitters (e.g., LED bulbs) attached to a
surgical tool.
[0553] Ttwill be apparent to one skilled in the art that there
are several embodiments of the invention that differ in details
of construction, without affecting the essential nature thereof,
and therefore the invention is not limited by that which is
illustrated in the figures and described in the specification, but
only as indicated in the accompanying claims, with the proper
scope determined only by the broadest interpretation of the
claims.

[0554] FIG. 2a shows an example of using the system of the

present invention in abdominal laparoscopic surgery.

[0555] FIG. 26 shows an example of using the system of the

present invention in knee endoscopic surgery.

[0556] Lastly, FIG. 2¢ shows an example of using the sys-

tem of the present invention in shoulder endoscopic surgery.

EXAMPLES

[0557] Examples are given in order to prove the embodi-
ments claimed in the present invention. The example, which

interface
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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.

[0558] In the examples below, similar numbers refer to
similar parts in all of the figures.

Example 1

Tracking System with Collision Avoidance System

[0559] One embodiment of such a rule-based system will
comprise the following set of commands:

Detection (denoted by Gd):

Gd1 Tool location detection function

(Gd2 Organ (e.g. Liver) detection function

Gd3 Movement (vector) calculation and estimation function
Gd4 Collision probability detection function

Tool Instructions (denoted Gt):

Gtl Move according to manual command

Gt2 Stop movement

[0560] The scenario—manual move command by the sur-
geon: Locations Gd1(t) and Gd2(t) are calculated in real time
at each time step (from an image or location marker).

[0561] Tool movement vector Gd3(t) is calculated from
Gd1(t) as the difference between the current location and at
least one previous location (probably also taking into account
previous movement vectors).

[0562] The probability of collision—Gd4(t)}—is calcu-
lated, for example, from the difference between location Gd1
and location Gd2 (the smaller the distance, the closer the
proximity and the higher the probability of collision), from
movement vector Gd3(t) indicating a collision, etc.

[0563] Tool Instructions Gtl Weight function a,(t)=1 If
Gtl(t)<a predetermined threshold and O otherwise

[0564] Tool Instructions Gt2 Weight function a,(t)=1 If
Gt2(t)>a predetermined threshold and O otherwise

Tool Instructions=a; (£)* Grl+a,(1)*Gr2(1);

[0565] In reference to FIG. 3, which shows, in a non-lim-
iting manner, an embodiment of a tracking system and colli-
sion 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. 3a and 36 show how the behavior of the system
depends on the distance 330 between the tool 310 and the liver
320, while FIGS. 3¢ and 3d show how movement of the tool
310 affects the behavior. In FIG. 34, 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. 35, the
distance 330 between the tool 310 and the liver 320 is small
enough that a collision is likely. In the embodiment illus-
trated, 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 embodiments, the tool 310 will remain ¢lose 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.

[0566] FIGS. 3cand 3dillustrate schematically the effect of
the movement of tool 310 on the collision avoidance system.
In FIGS. 3¢ and 3d, the tool 310 is close enough to the liver
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320 that a collision between the two is possible. If 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. 3¢ 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.

[0567] InFIG. 3d, tool 310 is the same distance from liver
320 as in FIG. 3¢. However, in FIG. 34, 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
movement 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.

[0568] 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

[0569] One embodiment of such rule-based system com-
prises the following set of commands:

Detection (denoted by Gd):

Main Tool location detection function (denoted by GAM);
Gd-tooll-K—Tool location detection function;
Gd-organ2-I1.—Organ (e.g. Liver) detection function;

Gd3 Main Tool Movement (vector) calculation and estima-
tion function;

Gd4 Proximity probability detection function;

Tool Instructions (denoted Gt):

Gtl Movement vector (direction and speed) according to
manual command

[0570] The scenario—manual move command by the sur-
geon:
[0571] Locations GAM(t), Gd-tool1-K(t) and Gd-organ2-1.

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

[0572] Main Tool Movement Vector Gd3(t) is calculated
per GAM (t) as the difference between the current location and
at least one previous location (probably also taking into
account previous movement vectors)

[0573] The proximity of the main tool to other tools—Gd4
(t)—is calculated, for example, as the smallest of the differ-
ences between the main tool location and the other tools’
locations.

[0574] Tool Instructions Gt Weight function a.(t) is pro-
portional to tool proximity function Gd4(t), the closer the tool
the slower the movement so that, for example
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0, (1) =Gd4/maximum(Gd4)
or

oy ()=log(Gd4/maximum(Gd4))

where maximum(Gd4) 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=c,(¢)* Gt1.

Example 3

Tracking System with No-Fly Rule/Function

[0575] In reference to FIG. 4, which shows, in a non-lim-
iting manner, an embodiment of a tracking system with no-fly
rule. The system tracks a tool 310 with respect to ano-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.

[0576] FIGS. 4a and 4b show how the behavior of the
system depends on the location of the tool tip with respect to
the no-fly zone, while FIGS. 4¢ and 4d show how movement
of the tool affects the behavior.

[0577] In FIG. 4a, the tool 310 is outside the no-fly zone
rule/function 460 and no movement of the tool is com-
manded. In FIG. 4b, the tool 310 is inside the no-fly zone 460.
[0578] The no-fly zone rule/function performs as follows:

[0579] 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 FI1G.
4c¢), but does not command movement 340; in such embodi-
ments, the tool 310 will remain close to the no-fly zone 460.
[0580] Inyet other embodiments, the system warns/signals
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 warn-
ing/signaling can be visual or aural, using any of the methods
known in the art.

[0581] FIGS.dcandddillustrate schematically the effect of
the tool’s movement on operation of the no-fly zone rule/
function. In FIGS. 4¢ and 44, 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. F1G. 4¢ illustrates the effect of a movement 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.

[0582] InFIG. 4d, tool 310 is the same distance from no-fly
zone 460 as in FIG. 4¢. However, in FIG. 4d, 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 embodi-
ments, the system warns/signals the operator that the move is
RESTRICTED, but does not restrict movement 340 or com-
mand 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.
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Example 4

Tracking System with Preferred Volume Zone
Rule/Function

[0583] In reference to FIG. §, which shows, in a non-lim-
iting manner, an embodiment of a tracking system with a
preferred volume zone function/rule.

[0584] The system tracks a tool 310 with respect to a pre-
ferred volume zone (570), in order to determine whether the
tool willleave the preferred volume (570) within the next time
step.

[0585] In this example, the preferred volume zone 570
extends over the right lobe of the liver. FIGS. 54 and 55 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. 5¢ and 54 show how movement of the tool affects the
behavior (i.e., the preferred volume zone rule/function).
[0586] In FIG. 5a, the tool 310 is inside the preferred vol-
ume zone 570 and no movement of the tool is commanded. In
FIG. 5b, the tool 310 is outside the preferred volume zone
570.

[0587] 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 prevents
movement 340; in such embodiments, the tool 310 will
remain close to the preferred volume zone 570. In vet 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.
[0588] FIGS.5candSdillustrate schematically the effect of
the tool’s movement on operation of the preferred volume
rule/function. In FIGS. Scand 54, 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.

[0589] FIG. 5cillustrates 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,
said movement is an allowed movement.

[0590] InFIG. 54, the movement 350 of the tool is outofthe
preferred volume 570, making it possible for tool 310 to leave
preferred volume 570.

[0591] According to one embodiment illustrated, a move-
ment 340 is commanded to move the tool 310 into the pre-
ferred 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 com-
mand 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

[0592] In reference to FIG. 6, which shows, in a non-lim-
iting manner, an embodiment of an organ detection system
(however, it should be noted that the same is provided for
detection of tools, instead of organs).

[0593] For each organ, the 3D spatial positions of the
organs stored in a database. In FIG. 6, the perimeter of each
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organ is marked, to indicate the edge of the volume of 3D
spatial locations stored in the database.

[0594] InFIG. 6, 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.

[0595] In some embodiments, a label or tag visible to the
operator is also presented. Any method of displaying identi-
fying markers known in the art can be used. For non-limiting
example, in an enhanced display, colored or patterned mark-
ers 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

[0596] In reference to FIG. 7, which shows, in a non-lim-
iting manner, an embodiment of a tool detection function. For
each tool, the 3D spatial positions of the tools stored in a
database. In FIG. 7, the perimeter of each tool is marked, to
indicate the edge of the volume of 3D spatial locations stored
in the database. In FIG. 7, the left tool is labeled with a dashed
line while the right tool is labeled with a dotted line.

[0597] In some embodiments, a label or tag visible to the
operator is also presented. Any method of displaying identi-
fying markers known in the art can be used. For non-limiting
example, in an enhanced display, colored or patterned mark-
ers 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

[0598] In reference to FIG. 8, which shows, in a non-lim-
iting manner, an embodiment of a movement detection func-
tion/rule. FIG. 8a schematically illustrates a liver 810, a left
tool 820 and a right tool 830 ata time t. FIG. 85 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.

[0599] The system has detected movement of left tool 820
and labels it. This is illustrated schematically in FIG. 85 by a
dashed line around left tool 820.

Example 8

Prediction Function

[0600] In reference to FIG. 9, which shows, in a non-lim-
iting manner, an embodiment of the above discussed predic-
tion function.

[0601] FIG. 9a shows a left tool 920 and a right tool 930 at
atimet.
[0602] FIG. 95 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
leftand upward. Ifthe motion continues (shown by the dashed
line in FIG. 9¢), 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. 9c.
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[0603] 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.

[0604] 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.
[0605] 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

[0606] In reference to FIG. 10, which shows, in a non-
limiting manner, an embodiment of a right tool function. FIG.
10 schematically illustrates a liver 1010, a left tool 1020 and
aright tool 1030. The right tool, illustrated schematically by
the dashed line 1040, is labeled and its 3D spacial 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.

[0607] It should be pointed out that the same rule/function
applies for the left tool (the left tool function/rule).

Example 10

Field of View Function/Rule

[0608] In reference to FIG. 11, which shows, in a non-
limiting manner, an embodiment of a field of view function/
rule.

[0609] FIG. 11a 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. 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 1s moving to the
right, as indicated by arrow 1170.

[0610] FIG. 115 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 is visible, while more
of right tool 1160 has entered the field of view.

[0611] The field of view function/rule can be setto follow a
selected 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.

[0612] 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 said n 3D spatial positions pro-
vides a predetermined field of view.

[0613] Each movement of the endoscope or the surgical
tool within said n 3D spatial positions is an allowed move-
ment and any movement of the endoscope or the surgical tool
outside said n 3D spatial positions is a restricted movement.
[0614] Alternatively, said the field of view function/rule
defines n 3D spatial positions; n is an integer greater than or
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equal to 2; the combination of all of said n 3D spatial positions
provides a predetermined field of view.

[0615] According to the field of view function/rule, the
endoscope is relocated if movement has been detected by said
detection means, such that said field of view is maintained.

Example 11

Tagged Tool Function/Rule (or Alternatively the
Preferred Tool Rule)

[0616] In reference to FIG. 12, which shows, in a non-
limiting manner, an embodiment of a tagged tool function/
rule.

[0617] FIG. 12 shows three tools (1220, 1230 and 1240) in
proximity to the organ of interest, in this example, the liver
1210.

[0618] Thetool most of interest to the surgeon, at this point
during the operation, is tool 1240. Tool 1240 has been tagged
(dotted line 1250); the 3D spacial location of tool 1240 is
constantly stored in a database and this spacial location has
been labeled as one of interest.

[0619] 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 said tagged tool 1250 and so on.

[0620] It should 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

[0621] In reference to FIG. 13, which shows, in a non-
limiting manner, an embodiment of a proximity function/
rule.

[0622] FIG. 13a schematically illustrates two tools (1310
and 1320) separated by a distance 1330 which is greater than
apredefined proximity distance. Since tool 1310 is not within
proximity of tool 1320, the field of view (1380) does not
move.

[0623] FIG. 135 schematically illustrates two tools (1310
and 1320) separated by a distance 1330 which is less than a
predefined proximity distance.

[0624] Since tool 1310 is within proximity oftool 1320, the
field of view 1380 moves upward, illustrated schematically
by arrow 1340, until the tips of tool 1310 and tool 1320 are in
the center of field of view 1380 (FIG. 13¢).

[0625] 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 said proximity (which
mightlead to a collision between the two tools). Alternatively,
the system moves orne of the tools away from the other one.

Example 13

Operator Input Function/Rule

[0626] In reference to FIG. 14, 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.
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[0627] In the following example, the input received from
the operator is which tool to track.

[0628] FIG. 14a 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.

[0629] As illustrated in FIG. 145, 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.
[0630] Another example of the operator input function/rule
is the following:

[0631] Ifa tool has been moved closely 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.
[0632] According to one embodiment of the present inven-
tion, once the surgical tool has been stopped. any movement
of said tool in the direction is interpreted as input from the
operatorto continue the movement of said surgical tool in said
direction.

[0633] Thus, according to this embodiment, the operator
input function/rule receives input from the operator (i.e., phy-
sician) to continue the move of said surgical tool (even though
it is “against” the collision prevention rule). Said input is
simply in the form of the continued movement of the surgical
tool (after the alert of the system or after the movement
prevention by the system)

[0634] In 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 variations
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 modifi-
cations 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 inter-
preted in accordance with the breadth they are fairly, legally,
and equitably entitled.

1-77. (canceled)

78. A surgical tracking system for assisting an operator to
perform alaparoscopic surgery of a human body, said surgical
tracking system comprising;

a. at least one endoscope adapted to acquire real-time
images of a surgical environment within said human
body;

b. a maneuvering subsystem adapted to control the spatial
position of said endoscope during said laparoscopic sur-
gery; and,

c. a tracking subsystem in communication with said
maneuvering subsystem, adapted to control the maneu-
vering system so as to direct and modify the spatial
position of said endoscope to a region of interest;

wherein said tracking subsystem comprises a data proces-
sor; said data processor is adapted to perform real-time
image processing of said surgical environment and to
instruct said maneuvering subsystem to modify the spa-
tial position of said endoscope according to input
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received from a maneuvering function f{t); said maneu-
vering function {{t) is adapted to (a) receive input from at
least two instructing functions g,(t), whereiis 1,...,n
and n=2; where t is time; i and n are integers; and, to (b)
output instructions to said maneuvering subsystem
based on said input from said at least two instructing
functions g,(t), so as to spatially position said endoscope
to said region of interest; wherein each of said instruct-
ing functions g,(t) is provided with a,(t) where i is an
integer greater than or equal to 1; where o,(t) are weight-
ing functions of each g,(t), and a n is total number of
instruction functions; further wherein said weighting
functions . (t) are time-varying functions, wherein the
value of which is determined by said operators.

79. The surgical tracking system of claim 78, wherein each
of said instructing functions g(t) is selected from a group
consisting of: most used tool function, a right tool function,
left tool function, field of view function, preferred volume
zone function, preferred tool function, no fly zone function, a
tool detection function, a movement detection function, an
organ detection function, a collision detection function, an
operator input function, a prediction function, a past statisti-
cal analysis function, proximity function, a tagged tool func-
tion, and any combination thereof.

80. The surgical tracking system of claim 79, wherein said
tool detection function is adapted to detect surgical tools in
said surgical environment and to output instruction to said
tracking subsystem to instruct said maneuvering system to
direct said endoscope on said detected surgical tools.

81. The surgical tracking system of claim 79, wherein said
movement detection function comprises a communicable
database comprising the real-time 3D spatial positions of
each of the surgical tool in said surgical environment; and to
detect movement of said at least one surgical tool when a
change in said 3D spatial positions is received, and to output
instructions to said tracking subsystem to instruct said
maneuvering system to direct said endoscope on said moved
surgical tool.

82. The surgical tracking system of claim 79, wherein said
organ detection function is adapted to detect organs in said
surgical environment and to output instructions to said track-
ing subsystem to instruct said maneuvering system to direct
said endoscope on said detected organs.

83. The surgical tracking system of claim 79, wherein said
right tool functionis adapted to detect surgical tool positioned
to right of said endoscope and to output instructions to said
tracking subsystem to instruct said maneuvering system to
constantly direct said endoscope on said right tool and to track
said right tool.

84. The surgical tracking system of claim 79, wherein said
left tool function is adapted to detect surgical tool positioned
to left of said endoscope and to output instructions to said
tracking subsystem to instruct said maneuvering system to
constantly direct said endoscope on said left tool and to track
said left tool.

85. The surgical tracking system of claim 79, wherein said
operator input function comprises acommunicable database;
said communicable database is adapted to receive an input
from said operator of said system; said input comprising n 3D
spatial positions; 11 is an integer greater than or equal to 2; and
to output instructions to said tracking subsystem to instruct
said maneuvering system to direct said endoscope to said at
least one 3D spatial position received.
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86. The surgical tracking system of claim 79, wherein said
proximity function is adapted to define a predetermined dis-
tance between at least two surgical tools; and to output
instructions to said tracking subsystem to instruct said
maneuvering system to direct said endoscope to said two
surgical tools if the distance between said two surgical tools is
less than said predetermined distance.

87. The surgical tracking system of claim 79, wherein said
proximity function is adapted to define a predetermined angle
between at least three surgical tools; and to output instruc-
tions to said tracking subsystem to instruct said maneuvering
system to direct said endoscope to said three surgical tools if
the angle between said two surgical tools is less than or
greater than said predetermined angle.

88. The surgical tracking system of claim 79, wherein said
preferred volume zone function comprises 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 preferred volume zone func-
tion is adapted to output instructions to said tracking sub-
system to instruct said maneuvering system to direct said
endoscope to said preferred volume zone.

89. The surgical tracking system of claim 79, wherein said
preferred tool function comprises a communicable database,
said database stores a preferred tool; said preferred tool func-
tion is adapted to output instructions to said tracking sub-
system to instruct said maneuvering system to constantly
direct said endoscope to said preferred tool, such that said
endoscope constantly tracks said preferred tool.

90. The surgical tracking system of claim 79, wherein said
collision prevention function is adapted to define a predeter-
mined distance between said at least one surgical tool and an
anatomical element within said surgical environment; and to
output instructions to said tracking subsystem to instruct said
maneuvering system to direct said endoscope to said surgical
tool and said anatomical element within said surgical envi-
ronment if the distance between said at least one surgical tool
and an anatomical element is less than said predetermined
distance; wherein said anatomical element is selected from a
group consisting of tissue, organ, another surgical tool and
any combination thereof.

91. The surgical tracking system of claim 79, wherein said
field of view function comprises a communicable database
comprising n 3D spatial positions; n is 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 function is adapted to output instructions to said track-
ing subsystem to instruct said maneuvering system to direct
said endoscope to at least one 3D spatial position substan-
tially within said n 3D spatial positions so as to maintain a
constant field of view.

92. The surgical tracking system of claim 79, wherein said
no fly zone function comprises a communicable database
comprising n 3D spatial positions; n is an integer greater than
or equal to 2; said n 3D spatial positions define a predeter-
mined volume within said surgical environment; said no fly
zone function is adapted to output instructions to said track-
ing subsystem to instruct said maneuvering system to direct
said endoscope to at least one 3D spatial position substan-
tially different from all said n 3D spatial positions.

93. The surgical tracking system of claim 79, wherein said
most used tool function comprises a communicable database
counting the amount of movement of each surgical tool
located within said surgical environment; said most used tool



US 2014/0163359 A1

function is adapted to output instructions to said tracking
subsystem to instruct said maneuvering system to direct said
endoscope to constantly position said endoscope to track the
movement of the most moved surgical tool.

94. The surgical tracking system of claim 79, wherein said
prediction function comprises acommunicable database stor-
ing each 3D spatial position of each of surgical tool within
said surgical environment, such that each movement of each
surgical tool is stored; said prediction function is adapted to
(a) to predict the future 3D spatial position of each of said
surgical tools; and, (b) to output instructions to said tracking
subsystem to instruct said maneuvering system to direct said
endoscope to said future 3D spatial position.

95. The surgical tracking system of claim 79, wherein said
past statistical analysis function comprises a communicable
database storing each 3D spatial position of each of surgical
tool within said surgical environment, such that each move-
ment of each surgical tool is stored; said past statistical analy-
sis function is adapted to (a) statistical analyze said 3D spatial
positions of each of said surgical tools; and, (b) to predict the
future 3D spatial position of each of said surgical tools; and,
(c) to output instructions to said tracking subsystem to
instruct said maneuvering system to direct said endoscope to
said future 3D spatial position.

96. The surgical tracking system of claim 79, wherein said
atagged tool function comprises means adapted to tag at least
one surgical tool within said surgical environment and to
output instructions to said tracking subsystem to instruct said
maneuvering system to constantly direct said endoscope to
said tagged surgical tool; further wherein said means are
adapted to constantly tag said at least one of surgical tool
within said surgical environment.

97. The surgical tracking system of claim 78, wherein at
least one of the following is being held true (a) said image
processing is obtained by at least one algorithm selected from
a group consisting of: image stabilization algorithm, image
improvement algorithm, image compilation algorithm, image
enhancement algorithm, image detection algorithm, image
classification algorithm, image correlation with the cardiac
cycle or the respiratory cycle of said human body, smoke or
vapor, steam reduction from said endoscope and any combi-
nation thereof; (b) said endoscope comprises an image acqui-
sition device selected from a group consisting of> a camera, a
video camera, an electromagnetic sensor, a computer tomog-
raphy imaging device, a fluoroscopic imaging device, an
ultrasound imaging device, and any combination thereof; (c)
said surgical tracking system further comprising a display
adapted to provide input or output to said operator regarding
the operation of said system; said display is used for visual-
izing said region of interest by said operator and further said
display is adapted to output said acquired real-time images of
a surgical environment with augmented reality elements; (d)
said image processing algorithm is adapted to analyze 2D or
3D representation rendered from said real-time images of the
surgical environment; (e) said data processor is further
adapted to operate a pattern recognition algorithm for assist-
ing the operation of said instructing functions g,(t); (f) said
surgical tracking system additionally comprising at least one
location estimating means for locating the position of at least
one surgical tool in said surgical environment; and any com-
bination thereof.

98. The surgical tracking system of claim 97, wherein said
at least one location estimating means are an interface sub-
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system between a surgeon and the at least one surgical tool,
the interface subsystem comprises:

a. at least one array comprising N regular or pattern light
sources, where N is a positive integer;

b. at least one array comprising M cameras, each of the M
cameras, where M is a positive integer;

¢. optional optical markers and means for attaching the
optical marker to the at least one surgical tool; and,

d. acomputerized algorithm operable via the controller, the
computerized algorithm adapted 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 adapted to provide automatically the results of
the calculation to the human operator of the interface.

99. A method for assisting an operator to perform a laparo-
scopic surgery of a human body, method comprising steps of:
a. providing a surgical tracking system, comprising: (i) at
least one endoscope adapted to acquire real-time images
of a surgical environment within said human body; (ii) a
maneuvering subsystem in communication with said
endoscope; and, (iii) a tracking subsystem in communi-
cation with said maneuvering subsystem, said tracking
subsystem comprises a data processor;

b. performing real-time image processing of said surgical
environment;

c. controlling said maneuvering system via said tracking
subsystem, thereby directing and modifying the spatial
position of said endoscope to a region of interest accord-
ing to input received from a maneuvering function f(t);

wherein said maneuvering function f(t) is adapted to (a)
receive input from at least two instructing functions g,(t),
whereiis 1, ..., nand nz2; where t is time; i and n are
integers; and, to (b) output instructions to said maneu-
vering subsystem based on said input from said at least
two instructing functions g,(t), so as to spatially position
said endoscope to said region of interest; wherein each
of said instructing functions g,(t) is provided with c.(t)
where 1 is an integer greater than or equal to 1; where
o,(t) are weighting functions of each g,(t), and an is total
number of instruction functions; further wherein said
weighting functions o.(t) are time-varying functions,
wherein the value of which is determined by said opera-
tors.

100. The method of claim 99, wherein each of said instruct-
ing functions g,(t) is selected from a group consisting of: most
used tool function, right tool function, left tool function, field
of view function, preferred volume zone function, preferred
tool function, no fly zone function, tool detection function,
movement detection function, organ detection function, col-
lision detection function, operator input function, prediction
function, past statistical analysis function, proximity func-
tion, tagged tool function, and any combination thereof.

101. The method of claim 100, wherein said tool detection
function is adapted to detect surgical tools in said surgical
environment and to output instructions to said tracking sub-
system to instruct said maneuvering system to direct said
endoscope on said detected surgical tools.

102. The method of claim 100, wherein said movement
detection function comprises a communicable database com-
prising real-time 3D spatial positions of each said surgical
tool in said surgical environment; and to detect movement of
said at least one surgical tool when a change in said 3D spatial
positions is received, and to output instructions to said track-
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ing subsystem to instruct said maneuvering system to direct
said endoscope on said moved surgical tool.

103. The method of claim 100, wherein said organ detec-
tion function is adapted to detect organs in said surgical
environment and to output instructions to said tracking sub-
system to instruct said maneuvering system to direct said
endoscope on said detected organs.

104. The method of claim 100, wherein said right tool
function is adapted to detect surgical tool positioned to right
of said endoscope and to output instructions to said tracking
subsystem to instruct said maneuvering system to constantly
direct said endoscope on said right tool and to track said right
tool.

105. The method of claim 100, wherein said left tool func-
tion is adapted to detect surgical tool positioned to left of said
endoscope and to output instructions to said tracking sub-
system to instruct said maneuvering system to constantly
direct said endoscope on said left tool and to track said left
tool.

106. The method of claim 100, wherein said operator input
function comprises a communicable database; said commu-
nicable database is adapted to receive an input from said
operator of said system; said input comprising n 3D spatial
positions; n is an integer greater than or equal to 2; and to
output instructions to said tracking subsystem to instruct said
maneuvering system to direct said endoscope to said at least
one 3D spatial position received.

107. The method of claim 100, wherein said proximity
function is adapted to define a predetermined distance
between at least two surgical tools; and to output instructions
to said tracking subsystem to instruct said maneuvering sys-
tem to direct said endoscope to said two surgical tools if the
distance between said two surgical tools is less than said
predetermined distance.

108. The method of claim 100, wherein said proximity
function is adapted to define a predetermined angle between
at least three surgical tools; and to output instructions to said
tracking subsystem to instruct said maneuvering system to
direct said endoscope to said three surgical tools if the angle
between said two surgical tools is less than or greater than said
predetermined angle.

109. The method of claim 100, wherein said preferred
volume zone function comprises communicable database
comprising n 3D spatial positions; n is an integer greater than
or equal to 2; said n 3D spatial positions provides said pre-
ferred volume zone; said preferred volume zone function is
adapted to output instructions to said tracking subsystem to
instruct said maneuvering system to direct said endoscope to
said preferred volume zone.

110. The method of claim 100, wherein said preferred tool
function comprises a communicable database, said database
stores a preferred tool; said preferred tool function is adapted
to output instructions to said tracking subsystem to instruct
said maneuvering system to constantly direct said endoscope
to said preferred tool, such that said endoscope constantly
tracks said preferred tool.

111. The method of claim 100, wherein said collision pre-
vention function is adapted to define a predetermined dis-
tance between said at least one surgical tool and an anatomi-
cal element within said surgical environment; and to output
instructions to said tracking subsystem to instruct said
maneuvering system to direct said endoscope to said surgical
tool and said anatomical element within said surgical envi-
ronment if the distance between said at least one surgical tool
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and an anatomical element is less than said predetermined
distance; wherein said anatomical element is selected from a
group consisting of tissue, organ, another surgical tool and
any combination thereof.

112. The method of claim 100, wherein said field of view
function comprises a communicable database comprising n
3D spatial positions; n is 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 function is
adapted to output instructions to said tracking subsystem to
instruct said maneuvering system to direct said endoscope to
at least one 3D spatial position substantially within said n 3D
spatial positions so as to maintain a constant field of view.

113. The method of claim 100, wherein said no fly zone
function comprises a communicable database comprising 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 function is
adapted to output instructions to said tracking subsystem to
instruct said maneuvering system to direct said endoscope to
atleast one 3D spatial position substantially different from all
said n 3D spatial positions.

114. The method of claim 100, wherein said most used tool
function comprises a communicable database counting the
amount of movement of each surgical tool located within said
surgical environment; said most used tool function is adapted
to output instructions to said tracking subsystem to instruct
said maneuvering system to direct said endoscope to con-
stantly position said endoscope to track the movement of the
most moved surgical tool.

115. The method of claim 100, wherein said prediction
function comprises a communicable database storing each
3D spatial position of each of surgical tool within said surgi-
cal environment, such that each movement of each surgical
tool is stored; said prediction function is adapted to (a) to
predict the future 3D spatial position of each of said surgical
tools; and, (b) to output instructions to said tracking sub-
system to instruct said maneuvering system to direct said
endoscope to said future 3D spatial position.

116. The method of claim 100, wherein past statistical
analysis function comprises a communicable database stor-
ing each 3D spatial position of each of surgical tool within
said surgical environment, such that each movement of each
surgical tool is stored; said past statistical analysis function is
adapted to (a) statistical analyze said 3D spatial positions of
each of said surgical tools; and, (b) to predict the future 3D
spatial position of each of said surgical tools; and, (¢) to
output instructions to said tracking subsystem to instruct said
maneuvering system to direct said endoscope to said future
3D spatial position.

117. The method of claim 100, wherein said a tagged tool
function comprises means adapted to tag at least one surgical
tool within said surgical environment and to output instruc-
tions to said tracking subsystem to instruct said maneuvering
system to constantly direct said endoscope to said tagged
surgical tool; wherein said means are adapted to constantly
tag said at least one of surgical tool within said surgical
environment.

118. The method of claim 100, wherein at least one of the
following is being held true (a) said image processing is
obtained by at least one algorithm selected from a group
consisting of: image stabilization algorithm, image improve-
ment algorithm, image compilation algorithm, image
enhancement algorithm, image detection algorithm, image
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classification algorithm, image correlation with the cardiac
cycle or the respiratory cycle of said human body, smoke or
vapor, steam reduction from said endoscope and any combi-
nation thereof; (b) said endoscope comprises an image acqui-
sition device selected from a group consisting of> a camera, a
video camera, an electromagnetic sensor, a computer tomog-
raphy imaging device, a fluoroscopic imaging device, an
ultrasound imaging device, and any combination thereof; (c)
said method further comprising step of providing a display
adapted to provide input or output to said operator regarding
the operation of said system; said display is used for visual-
izing said region of interest by said operator; (d) said image
processing algorithm is adapted to analyze 2D or 3D repre-
sentation rendered from said real-time images of the surgical
environment; (e) said data processor is further adapted to
operate a pattern recognition algorithm for assisting the
operation of said instructing functions g,(t); and any combi-
nation thereof.

119. The method of claim 99, additionally comprising at
least one step selected from a group consisting of (a) prelimi-
nary tagging at least one of said surgical tools; (b) toggling
said surgical tools; (c) re-tagging said at least one of said
surgical tools until a desired tool is selected; and any combi-
nation thereof.

120. The method of claim 99, additionally comprising step
of locating the 3D position of at least one surgical tool in said
surgical environment, wherein said step of locating the 3D
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position ofat least one surgical tool is provided by at least one
location estimating means; said at least one location estimat-
ing means are an interface subsystem between a surgeon and
the at least one surgical tool, the interface subsystem com-
prises:

a. at least one array comprising N regular or pattern light
sources, where N is a positive integer;

b. at least one array comprising M cameras, each of the M
cameras, where M is a positive integer;

c. optional optical markers and means for attaching the
optical marker to the at least one surgical tool; and,

d. acomputerized algorithm operable via the controller, the
computerized algorithm adapted 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 adapted to provide automatically the results of
the calculation to the human operator of the interface.

121. The surgical tracking system of claim 79, wherein

controller’s database comprises 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 adapted to relocate said endo-
scope if movement of at least one of said surgical tools has
been detected by said detection means, such that said field of
view is maintained.
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