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Description

FIELD OF THE INVENTION

[0001] The present invention 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. More-
over, the present invention discloses a device useful for spatially repositioning 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 operating 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
theatre 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 laparoscopic surgery makes use of either human assistants
that manually shift the instrumentation or, alternatively, robotic automated assistants. Automated assistants utilize in-
terfaces that enable the surgeon to direct the mechanical movement of the assistant, achieving a shift in the camera view.
[0005] US patent 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
following drawbacks:

a. A single directional interface that provide limited feedback to the surgeon.

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

[0006] Research has suggested that these systems divert the surgeon’s focus from the major task at hand. Therefore,
technologies assisted by magnets and image processing have been developed to simplify interfacing control. However,
these improved technologies still fail to address another complicating interface aspect of laparoscopic surgery, in that
they do not allow the surgeon to signal, to automated assistants or to human assistants or to surgical colleagues, which
instrument his attention is focused on.
[0007] Hence, there is still a long felt need for improving the interface between the surgeon and an endoscope system,
surgical colleagues or human assistants for laparoscopic surgery.

SUMMARY OF THE INVENTION

[0008] It is one object of the present invention to provide a surgical tracking system in accordance with claim 1.
[0009] Preferred embodiments are subject of the dependent claims.
[0010] An embodiment consists in a controlling system, comprising:

a. at least one surgical tool adapted to be inserted into a surgical environment of a human body for assisting a
surgical procedure;

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;

c. at least one movement detection means 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 tf and at time to; where tf > to ; said movement detection means is adapted to detect movement of said
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at least one surgical tool if the 3D spatial position of said at least one surgical tool at time tf is different than said 3D
spatial position of said at least one surgical tool at time to; and,

d. 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; said controller’s database is in communication with said
movement detection means;

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 movement according to said predetermined set of rules.
[0011] An object of an embodiment is to provide the surgical controlling system as defined above, wherein the prede-
termined 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-dependent allowed and RESTRICTED movements rule, preferred volume zone
rule, preferred tool rule, a movement detection rule, tagged tool rule and any combination thereof.
[0012] An object of an embodiment is to provide 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 predefined 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 RE-
STRICTED 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.
[0013] An object of an embodiment is to provide the surgical controlling system as defined above, wherein the envi-
ronmental 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 envi-
ronment, 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.
[0014] An object of an embodiment is to provide 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.
[0015] An object of an embodiment is to provide 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.
[0016] An object of an embodiment is to provide 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.
[0017] An object of an embodiment is to provide 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.
[0018] An object of an embodiment is to provide the surgical controlling system as defined above, wherein the prede-
termined 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.
[0019] An object of an embodiment is to provide 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.
[0020] An object of an embodiment is to provide the surgical controlling system as defined above, wherein the proximity
rule is adapted to define a predetermined 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 move-
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ments which are out of the range or within the range of the predetermined distance.
[0021] An object of an embodiment is to provide the surgical controlling system as defined above, wherein the proximity
rule is adapted to define a predetermined 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.
[0022] An object of an embodiment is to provide 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.
[0023] An object of an embodiment is to provide the surgical controlling system as defined above, wherein the ana-
tomical element is selected from a group consisting of tissue, organ, another surgical tool or any combination thereof.
[0024] An object of an embodiment is to provide 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 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.
[0025] An object of an embodiment is to provide 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 endoscope.
[0026] An object of an embodiment is to provide 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 endoscope.
[0027] An object of an embodiment is to provide 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 determine said
ALLOWED movement of said endoscope according to the movement of said tagged surgical tool.
[0028] An object of an embodiment is to provide 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 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.
[0029] An object of an embodiment is to provide the surgical controlling system as defined above, wherein the preferred
volume 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 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 location of the endoscope is substantially different from the n 3D spatial positions.
[0030] An object of an embodiment is to provide 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.
[0031] An object of an embodiment is to provide the surgical controlling system 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 determine the RESTRICTED movement 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 movements 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 different from the n 3D spatial positions.
[0032] An object of an embodiment is to provide 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.
[0033] An object of an embodiment is to provide the surgical controlling system as defined above, wherein said system
further comprising a maneuvering subsystem communicable with said controller, said maneuvering subsystem is adapted
to spatially reposition said at least one surgical tool during a surgery according to said predetermined set of rules; further
wherein the system is adapted to alert the physician of a RESTRICTED movements of the at least one surgical tool.
[0034] An object of an embodiment is to provide 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 com-
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bination thereof.
[0035] An object of an embodiment is to provide the surgical controlling system as defined above, wherein the AL-
LOWED movement is permitted by the controller and a RESTRICTED movement is denied by the controller.
[0036] An object of an embodiment is to provide 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 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 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 location of the at least one surgical tool is
substantially different from the n 3D spatial positions.
[0037] An object of an embodiment is to provide the surgical controlling system as defined above, wherein the tool-
dependent allowed and RESTRICTED movements rule comprises a communicable database; the communicable data-
base 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.
[0038] An object of an embodiment is to provide the surgical controlling system as defined above, wherein the prede-
termined characteristics of the surgical tool are selected from the group consisting of: physical dimensions, structure,
weight, sharpness, and any combination thereof.
[0039] An object of an embodiment is to provide the surgical controlling system as defined above, wherein the movement
detection rule comprises a communicable 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 positions is received, such
that the ALLOWED movements are movements in which the endoscope is directed to focus on the moving surgical tool.
[0040] An object of an embodiment is to provide the surgical controlling system as defined above, further comprising
a maneuvering subsystem communicable with the controller, the maneuvering subsystem is adapted to spatially repo-
sition the 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 is a RESTRICTED movement, said maneuvering subsystem prevents said movement.
[0041] An object of an embodiment is to provide 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.
[0042] An object of an embodiment is to provide the surgical controlling system as defined above, wherein the at least
one location estimating means are comprises (a) at least one element 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.
[0043] An object of an embodiment is to provide 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:

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. 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.

[0044] An object of an embodiment which is not claimed is to provide a method for assisting an operator to perform
a surgical procedure, comprising steps of:

a. providing a surgical controlling system, comprising: (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 processing means communicable
with a controller’s database;

b. inserting the at least one surgical tool into a surgical environment of a human body;
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c. real-time estimating the location of the at least one surgical tool within the surgical environment at any given time
t; and,

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 tf is different than said 3D spatial position of said at least one surgical tool at time to;

e. 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 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 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.
[0045] An object of an embodiment which is not claimed is to provide the method as defined above, further comprising
a step of selecting the predetermined set of rules 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, tagged tool rule and any combination thereof.
[0046] An object of an embodiment which is not claimed is to provide 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 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 RE-
STRICTED 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.
[0047] An object of an embodiment which is not claimed is to provide 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 envi-
ronment, 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.
[0048] An object of an embodiment which is not claimed is to provide 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 endoscope and any combination thereof
An object of an embodiment which is not claimed is to provide 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.
[0049] An object of an embodiment which is not claimed is to provide the method 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.
[0050] An object of an embodiment which is not claimed is to provide the method as defined above, wherein the input
comprises 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 movements.
[0051] An object of an embodiment which is not claimed is to provide 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 prevention rule, a history based rule, a tool-dependent allowed and RESTRICTED movements rule, and
any combination thereof
[0052] An object of an embodiment which is not claimed is to provide 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.
[0053] An object of an embodiment which is not claimed is to provide the method as defined above, wherein the
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proximity rule is adapted to define a predetermined distance between at least two surgical tools; the ALLOWED move-
ments 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.
[0054] An object of an embodiment which is not claimed is to provide 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 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
[0055] An object of an embodiment which is not claimed is to provide the method 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.
[0056] An object of an embodiment which is not claimed is to provide 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.
[0057] An object of an embodiment which is not claimed is to provide the method as defined above, wherein at least
one of the following is being held true (a) said system additionally comprising 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.
[0058] An object of an embodiment which is not claimed is to provide 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.
[0059] An object of an embodiment which is not claimed is to provide the method 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 endoscope.
[0060] An object of an embodiment which is not claimed is to provide 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.
[0061] An object of an embodiment which is not claimed is to provide 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 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.
[0062] An object of an embodiment which is not claimed is to provide the method as defined above, wherein the
preferred volume 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 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 RE-
STRICTED 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 RE-
STRICTED movements are movements in which the location of the endoscope is substantially different from the n 3D
spatial positions.
[0063] An object of an embodiment which is not claimed is to provide the method 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.
[0064] An object of an embodiment which is not claimed is to provide 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 predetermined volume within the surgical environment; the no fly zone rule is adapted to determine the RE-
STRICTED movement 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 movements 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 different from the n 3D spatial positions.
[0065] An object of an embodiment which is not claimed is to provide 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.
[0066] An object of an embodiment which is not claimed is to provide the method as defined above, additionally
comprising step of alerting the physician of a RESTRICTED movements of the at least one surgical tool.
[0067] An object of an embodiment which is not claimed is to provide the method as defined above, wherein the step
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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.
[0068] An object of an embodiment which is not claimed is to provide the method as defined above, wherein the
ALLOWED movement is permitted by the controller and a RESTRICTED movement is denied by the controller.
[0069] An object of an embodiment which is not claimed is to provide 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 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 location of the at least one surgical tool is
substantially different from the n 3D spatial positions.
[0070] An object of an embodiment which is not claimed is to provide the method as defined above, wherein the tool-
dependent allowed and RESTRICTED movements rule comprises a communicable database; the communicable data-
base 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.
[0071] An object of an embodiment which is not claimed is to provide the method as defined above, wherein the
predetermined characteristics of the surgical tool are selected from the group consisting of: physical dimensions, structure,
weight, sharpness, and any combination thereof.
[0072] An object of an embodiment which is not claimed is to provide the method as defined above, wherein the
movement detection rule comprises a communicable 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 positions is
received, such that the ALLOWED movements are movements in which the endoscope is directed to focus on the moving
surgical tool.
[0073] An object of an embodiment which is not claimed is to provide 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.
[0074] An object of an embodiment which is not claimed is to provide 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.
[0075] An object of an embodiment which is not claimed is to provide the method as defined above, wherein the at
least one location estimating means are comprises (a) at least one element 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.
[0076] An object of an embodiment which is not claimed is to provide 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:

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. 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.

[0077] It is an object of the present invention to provide a surgical tracking system for assisting an operator to perform
a laparoscopic surgery of a human body, the surgical tracking system comprising:

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

b. a maneuvering subsystem adapted to control the spatial position of the endoscope during the laparoscopic surgery;
and,

c. a tracking subsystem in communication with the maneuvering subsystem, adapted to control the maneuvering
system so as to direct and modify the spatial position of the endoscope to a region of interest;
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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 maneuvering function f(t) is adapted to (a)
receive input from at least two instructing functions gi(t), where i is 1,...,n and n ≥ 2; where t is time; i and n are integers;
and, to (b) output instructions to the maneuvering subsystem based on the input from the at least two instructing functions
gi(t), so as to spatially position the endoscope to the region of interest.
[0078] According to the invention, each of the instructing functions gi(t) is provided with αi(t) where i is an integer
greater than or equals to 1; where αi(t) are weighting functions of each gi(t), and a n is total number of instruction functions.
[0079] An object of an embodiment is to provide the surgical tracking system as defined above, wherein each of the
instructing functions gi(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 statistical analysis function, proximity function, a tagged tool function, and any
combination thereof.
[0080] An object of an embodiment is to provide the surgical tracking system as defined above, wherein the weighting
functions αi(t) are time-varying functions, wherein the value of which is determined by the operators.
[0081] An object of an embodiment is to provide 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 tracking
subsystem to instruct the maneuvering system to direct the endoscope on the detected surgical tools..
[0082] An object of an embodiment is to provide 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 maneuvering system
to direct the endoscope on the moved surgical tool.
[0083] An object of an embodiment is to provide 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 tracking
subsystem to instruct the maneuvering system to direct the endoscope on the detected organs.
[0084] An object of an embodiment is to provide the surgical tracking system as defined above, wherein the right tool
function is adapted to detect surgical tool positioned 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.
[0085] An object of an embodiment is to provide the surgical tracking system as defined above, wherein the left tool
function is adapted to detect surgical tool positioned 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.
[0086] An object of an embodiment is to provide the surgical tracking system as defined above, wherein the operator
input function comprises a communicable database; 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.
[0087] An object of an embodiment is to provide 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 maneuvering system to direct the endoscope to the two surgical tools if the distance
between the two surgical tools is less than the predetermined distance.
[0088] An object of an embodiment is to provide 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 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.
[0089] An object of an embodiment is to provide 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 function is
adapted to output instructions to the tracking subsystem to instruct the maneuvering system to direct the endoscope to
the preferred volume zone.
[0090] An object of an embodiment is to provide the surgical tracking system 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.
[0091] An object of an embodiment is to provide the surgical tracking system as defined above, wherein the collision
prevention function is adapted to define a predetermined 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
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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 anatomical element is less than the predetermined distance.
[0092] An object of an embodiment is to provide 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.
[0093] An object of an embodiment is to provide the surgical tracking system 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.
[0094] An object of an embodiment is to provide 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 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.
[0095] An object of an embodiment is to provide the surgical tracking system 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.
[0096] An object of an embodiment is to provide 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 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.
[0097] An object of an embodiment is to provide the surgical tracking system as defined above, wherein the past
statistical analysis 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 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.
[0098] An object of an embodiment is to provide the surgical tracking system as defined above, wherein the 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.
[0099] An object of an embodiment is to provide 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.
[0100] An object of an embodiment is to provide 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.
[0101] An object of an embodiment is to provide the surgical tracking system as defined above, additionally comprising
means adapted to toggle the surgical tools.
[0102] An object of an embodiment is to provide the surgical tracking system as defined above, wherein the toggling
is performed manually or automatically.
[0103] An object of an embodiment is to provide 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.
[0104] An object of an embodiment is to provide 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 electro-
magnetic sensor, a computer tomography imaging device, a fluoroscopic imaging device, an ultrasound imaging device,
and any combination thereof.
[0105] An object of an embodiment is to provide 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.
[0106] An object of an embodiment is to provide the surgical tracking system as defined above, wherein the display
is used for visualizing the region of interest by the operator.
[0107] An object of an embodiment is to provide the surgical tracking system as defined above, wherein the display
is adapted to output the acquired real-time images of a surgical environment with augmented reality elements.
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[0108] An object of an embodiment is to provide 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.
[0109] An object of an embodiment is to provide 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 gi(t).
[0110] An object of an embodiment is to provide the surgical tracking system as defined above, additionally comprising
at least one location estimating means for locating the position of at least one surgical tool in the surgical environment.
[0111] An object of an embodiment is to provide 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:

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. 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.

[0112] An object of an embodiment not part of the invention is to provide a method for assisting an operator to perform
a laparoscopic surgery of a human body, the 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 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 comprises
a data processor;

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

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 function f(t);

wherein the maneuvering function f(t) is adapted to (a) receive input from at least two instructing functions gi(t), where
i is 1,...,n and n ≥ 2; where t is time; i and n are integers; and, to (b) output instructions to the maneuvering subsystem
based on the input from the at least two instructing functions gi(t), so as to spatially position the endoscope to the region
of interest.
[0113] An object of an embodiment not part of the invention is to provide the method as defined above, wherein each
of the instructing functions gi(t) is provided with αi(t) where i is an integer greater than or equals to 1; where αi(t) are
weighting functions of each gi(t), and a n is total number of instruction functions.
[0114] An object of an embodiment not part of the invention is to provide the method as defined above, wherein each
of the instructing functions gi(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 statistical analysis function, proximity function, a tagged tool function, and
any combination thereof.
[0115] An object of an embodiment not part of the invention is to provide the method as defined above, wherein the
weighting functions αi(t) are time-varying functions, wherein the value of which is determined by the operators.
[0116] An object of an embodiment not part of the invention is to provide 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 subsystem to instruct the maneuvering system to direct the endoscope on the detected surgical tools..
[0117] An object of an embodiment not part of the invention is to provide the method 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 maneuvering
system to direct the endoscope on the moved surgical tool..
[0118] An object of an embodiment not part of the invention is to provide the method as defined above, wherein 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 system to direct the endoscope on the detected organs.
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[0119] An object of an embodiment not part of the invention is to provide the method as defined above, wherein the
right tool function is adapted to detect surgical tool positioned 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.
[0120] An object of an embodiment not part of the invention is to provide the method as defined above, wherein the
left tool function is adapted to detect surgical tool positioned 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.
[0121] An object of an embodiment not part of the invention is to provide the method as defined above, wherein the
operator input function comprises a communicable database; 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.
[0122] An object of an embodiment not part of the invention is to provide the method 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 maneuvering system to direct the endoscope to the two surgical
tools if the distance between the two surgical tools is less than the predetermined distance.
[0123] An object of an embodiment not part of the invention is to provide 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.
[0124] An object of an embodiment not part of the invention is to provide 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 preferred 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.
[0125] An object of an embodiment not part of the invention is to provide 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.
[0126] An object of an embodiment not part of the invention is to provide the method as defined above, wherein the
collision prevention function is adapted to define a predetermined 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
environment if the distance between the at least one surgical tool and an anatomical element is less than the predeter-
mined distance.
[0127] An object of an embodiment not part of the invention is to provide 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.
[0128] An object of an embodiment not part of the invention is to provide 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.
[0129] An object of an embodiment not part of the invention is to provide 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.
[0130] An object of an embodiment not part of the invention is to provide 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.
[0131] An object of an embodiment not part of the invention is to provide 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
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subsystem to instruct the maneuvering system to direct the endoscope to the future 3D spatial position.
[0132] An object of an embodiment not part of the invention is to provide the method as defined above, wherein the
past statistical analysis 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 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.
[0133] An object of an embodiment not part of the invention is to provide the method as defined above, wherein the
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.
[0134] An object of an embodiment not part of the invention is to provide the method as defined above, wherein the
means are adapted to constantly tag the at least one of surgical tool within the surgical environment.
[0135] An object of an embodiment not part of the invention is to provide 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.
[0136] An object of an embodiment not part of the invention is to provide the method as defined above, additionally
comprising step of providing means adapted to toggle the surgical tools.
[0137] An object of an embodiment not part of the invention is to provide the method as defined above, wherein the
toggling is performed manually or automatically.
[0138] An object of an embodiment not part of the invention is to provide the method 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.
[0139] An object of an embodiment not part of the invention is to provide the method 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.
[0140] An object of an embodiment not part of the invention is to provide 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.
[0141] An object of an embodiment not part of the invention is to provide the method as defined above, wherein the
display is used for visualizing the region of interest by the operator.
[0142] An object of an embodiment not part of the invention is to provide 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.
[0143] An object of an embodiment not part of the invention is to provide the method 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.
[0144] An object of an embodiment not part of the invention is to provide 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 gi(t).
[0145] An object of an embodiment not part of the invention is to provide the method as defined above, additionally
comprising step of preliminary tagging at least one of the surgical tools.
[0146] An object of an embodiment not part of the invention is to provide the method as defined above, additionally
comprising step of constantly tagging at least one of the surgical tools.
[0147] An object of an embodiment not part of the invention is to provide 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.
[0148] An object of an embodiment not part of the invention is to provide the method as defined above, additionally
comprising step of toggling the surgical tools.
[0149] An object of an embodiment not part of the invention is to provide the method as defined above, wherein the
toggling is performed manually or automatically.
[0150] An object of an embodiment not part of the invention is to provide the method as defined above, additionally
comprising step of locating the 3D position of at least one surgical tool in the surgical environment.
[0151] An object of an embodiment not part of the invention is to provide 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 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;
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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. 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.

[0152] An object of an embodiment is to provide a surgical controlling system, comprising:

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

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 elements is characterized by predetermined characteristics;

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 predetermined characteristics;

d. a communicable database, in communication with the processing means and the image processing means,
adapted to store the predetermined characteristics and the updated characteristics;

wherein the system is adapted to notify if the updated characteristics are substantially different from the predetermined
characteristics.
[0153] An object of an embodiment is to provide the surgical controlling system as defined above, wherein the prede-
termined 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.
[0154] An object of an embodiment is to provide the surgical controlling system as defined above, additionally com-
prising at least one surgical tool adapted to be inserted into a surgical environment of a human body for assisting a
surgical procedure.
[0155] An object of an embodiment is to provide the surgical controlling system as defined above, additionally com-
prising (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 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 tf and at time to; where tf > to ; 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 tf is different
than said 3D spatial position of said at least one surgical tool at time to.
[0156] An object of an embodiment is to provide the surgical controlling system as defined above, additionally com-
prising 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.
[0157] An object of an embodiment is to provide the surgical controlling system as defined above, wherein the con-
troller’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
movement according to said predetermined set of rules.
[0158] An object of an embodiment is to provide the surgical controlling system as defined above, wherein the prede-
termined 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, proximity rule;
collision prevention rule, history based rule, tool-dependent allowed and RESTRICTED movements rule, preferred
volume zone rule, preferred tool rule, movement detection rule, and any combination thereof.
[0159] An object of an embodiment is to provide 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 predefined 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 RE-
STRICTED 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.
[0160] An object of an embodiment is to provide the surgical controlling system as defined above, wherein the envi-
ronmental 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
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to determine the ALLOWED and RESTRICTED movements according to the hazards or obstacles in the surgical envi-
ronment, 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.
[0161] An object of an embodiment is to provide 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.
[0162] An object of an embodiment is to provide 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.
[0163] An object of an embodiment is to provide 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.
[0164] An object of an embodiment is to provide 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.
[0165] An object of an embodiment is to provide the surgical controlling system as defined above, wherein the prede-
termined 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.
[0166] An object of an embodiment is to provide 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.
[0167] An object of an embodiment is to provide the surgical controlling system as defined above, wherein the proximity
rule is adapted to define a predetermined 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 move-
ments which are out of the range or within the range of the predetermined distance.
[0168] An object of an embodiment is to provide the surgical controlling system as defined above, wherein the proximity
rule is adapted to define a predetermined 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.
[0169] An object of an embodiment is to provide 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.
[0170] An object of an embodiment is to provide the surgical controlling system as defined above, wherein the ana-
tomical element is selected from a group consisting of tissue, organ, another surgical tool or any combination thereof.
[0171] An object of an embodiment is to provide 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 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.
[0172] An object of an embodiment is to provide 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 endoscope.
[0173] An object of an embodiment is to provide 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 endoscope.
[0174] An object of an embodiment is to provide 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 endoscope is located substantially
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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.
[0175] An object of an embodiment is to provide the surgical controlling system as defined above, wherein the preferred
volume 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 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 location of the endoscope is substantially different from the n 3D spatial positions.
[0176] An object of an embodiment is to provide 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.
[0177] An object of an embodiment is to provide the surgical controlling system 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 determine the RESTRICTED movement 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 movements 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 different from the n 3D spatial positions.
[0178] An object of an embodiment is to provide 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.
[0179] An object of an embodiment is to provide the surgical controlling system as defined above, wherein said system
further comprising a maneuvering subsystem communicable with said controller, said maneuvering subsystem is adapted
to spatially reposition said at least one surgical tool during a surgery according to said predetermined set of rules; further
wherein the system is adapted to alert the physician of a RESTRICTED movements of the at least one surgical tool.
[0180] An object of an embodiment is to provide 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 com-
bination thereof.
[0181] An object of an embodiment is to provide the surgical controlling system as defined above, wherein the AL-
LOWED movement is permitted by the controller and a RESTRICTED movement is denied by the controller.
[0182] An object of an embodiment is to provide 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 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 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 location of the at least one surgical tool is
substantially different from the n 3D spatial positions.
[0183] An object of an embodiment is to provide the surgical controlling system as defined above, wherein the tool-
dependent allowed and RESTRICTED movements rule comprises a communicable database; the communicable data-
base 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 the ALLOWED and RESTRICTED movements according
to the predetermined characteristics of the surgical tool.
[0184] An object of an embodiment is to provide the surgical controlling system as defined above, wherein the prede-
termined characteristics of the surgical tool are selected from the group consisting of: physical dimensions, structure,
weight, sharpness, and any combination thereof.
[0185] An object of an embodiment is to provide the surgical controlling system as defined above, wherein the movement
detection rule comprises a communicable 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 positions is received, such
that the ALLOWED movements are movements in which the endoscope is directed to focus on the moving surgical tool.
[0186] An object of an embodiment is to provide the surgical controlling system as defined above, further comprising
a maneuvering subsystem communicable with the controller, the maneuvering subsystem is adapted to spatially repo-
sition 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 is a RESTRICTED movement, said maneuvering subsystem prevents said movement.
[0187] An object of an embodiment is to provide the surgical controlling system 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.
[0188] An object of an embodiment is to provide the surgical controlling system as defined above, wherein the at least
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one location estimating means are comprises 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.
[0189] An object of an embodiment is to provide a method for controlling surgical surgery, comprising step of:

a. obtaining a system comprising:

i. at least one endoscope adapted to provide real-time image of surgical environment of a human body;

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 characteristics;

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;

iv. a communicable database, in communication with the processing means and the image processing means,
adapted to store the predetermined characteristics and the updated characteristics;

b. providing a real-time image of surgical environment of a human body;

c. defining the n element;

d. characterizing each of the element with predetermined characteristics;

e. providing a real-time update of the predetermined characteristics;

f. notifying the user if the updated characteristics are substantially different from the predetermined characteristics.

[0190] An object of an embodiment not part of the invention is to provide 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.
[0191] An object of an embodiment not part of the invention is to provide 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 procedure.
[0192] An object of an embodiment not part of the invention is to provide 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 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 tf and at time to; where tf > to ; 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 tf is
different than said 3D spatial position of said at least one surgical tool at time to.
[0193] An object of an embodiment not part of the invention is to provide 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.
[0194] An object of an embodiment not part of the invention is to provide 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
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
movement according to said predetermined set of rules.
[0195] An object of an embodiment not part of the invention is to provide 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 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.
[0196] An object of an embodiment not part of the invention is to provide 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 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
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surgical tool is located substantially in at least one of the n 3D spatial positions of the predefined route, and the RE-
STRICTED 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.
[0197] An object of an embodiment not part of the invention is to provide 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 envi-
ronment, 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.
[0198] An object of an embodiment not part of the invention is to provide 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 endoscope and any combination thereof.
[0199] An object of an embodiment not part of the invention is to provide 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.
[0200] An object of an embodiment not part of the invention is to provide the method 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.
[0201] An object of an embodiment not part of the invention is to provide the method as defined above, wherein the
input comprises 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 movements.
[0202] An object of an embodiment not part of the invention is to provide 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.
[0203] An object of an embodiment not part of the invention is to provide 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.
[0204] An object of an embodiment not part of the invention is to provide the method as defined above, wherein the
proximity rule is adapted to define a predetermined distance between at least two surgical tools; the ALLOWED move-
ments 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.
[0205] An object of an embodiment not part of the invention is to provide 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 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.
[0206] An object of an embodiment not part of the invention is to provide the method 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.
[0207] An object of an embodiment not part of the invention is to provide 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.
[0208] An object of an embodiment not part of the invention is to provide the method as defined above, wherein at
least one of the following is being held true (a) said system additionally comprising 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.
[0209] An object of an embodiment not part of the invention is to provide 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.
[0210] An object of an embodiment not part of the invention is to provide the method as defined above, wherein the
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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 endoscope.
[0211] An object of an embodiment not part of the invention is to provide the method 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 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.
[0212] An object of an embodiment not part of the invention is to provide the method as defined above, wherein the
preferred volume 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 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 RE-
STRICTED 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 RE-
STRICTED movements are movements in which the location of the endoscope is substantially different from the n 3D
spatial positions.
[0213] An object of an embodiment not part of the invention is to provide the method 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.
[0214] An object of an embodiment not part of the invention is to provide 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 determine the RESTRICTED movement 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 movements 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 different from the n 3D
spatial positions.
[0215] An object of an embodiment not part of the invention is to provide 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.
[0216] An object of an embodiment not part of the invention is to provide the method as defined above, additionally
comprising step of alerting the physician of a RESTRICTED movement of the at least one surgical tool.
[0217] An object of an embodiment not part of the invention is to provide 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.
[0218] An object of an embodiment not part of the invention is to provide the method as defined above, wherein the
ALLOWED movement is permitted by the controller and a RESTRICTED movement is denied by the controller.
[0219] An object of an embodiment not part of the invention is to provide 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 movements of the at least one surgical tool, such that the AL-
LOWED 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.
[0220] An object of an embodiment not part of the invention is to provide 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 tools; 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.
[0221] An object of an embodiment not part of the invention is to provide the method as defined above, wherein the
predetermined characteristics of the surgical tool are selected from the group consisting of: physical dimensions, structure,
weight, sharpness, and any combination thereof.
[0222] An object of an embodiment not part of the invention is to provide the method as defined above, wherein the
movement detection rule comprises a communicable 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 positions is
received, such that the ALLOWED movements are movements in which the endoscope is directed to focus on the moving
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surgical tool.
[0223] An object of an embodiment not part of the invention is to provide the method as defined above, further comprising
step of 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.
[0224] An object of an embodiment is to provide a surgical controlling system, comprising:

(a) at least one surgical tool adapted to be inserted into a surgical environment of a human body for assisting a
surgical procedure;

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

(c) at least 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;

(d) at least one movement detection means 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 tf and at time t0; where tf > t0 ; 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 tf is different than said 3D
spatial position of said at least one surgical tool at time to; and,

(e) a controller having a processing means communicable 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 communication 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
combination of all of said n 3D spatial positions provides a predetermined 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.
[0225] An object of an embodiment is to provide the surgical controlling 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 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.
[0226] An object of an embodiment not part of the invention is to provide the method 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
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.
[0227] An object of an embodiment is to provide 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 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.
[0228] An object of an embodiment not part of the invention is to provide the method 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
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.
[0229] An object of an embodiment is to provide the surgical controlling 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 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.
[0230] An object of an embodiment not part of the invention is to provide the method 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
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.
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BRIEF DESCRIPTION OF THE FIGURES

[0231] In order to understand the invention and to see how it may be implemented in practice, and by way of non-
limiting example only, with reference to the accompanying drawing, in which

FIGs. 1-2 illustrates one embodiment of the present invention.

Fig 2A shows an example of using the location system in abdominal laparoscopic surgery;

Fig 2B shows an example of using the location system in knee endoscopic surgery; and,

Fig 2C shows an example of using the location system in shoulder endoscopic surgery.

Fig. 3 schematically illustrates operation of an embodiment of a tracking system with collision avoidance system.

Fig. 4 schematically illustrates operation of an embodiment of a tracking system with no fly zone rule/function.

Fig. 5 schematically illustrates operation of an embodiment of a tracking system with preferred volume zone rule/func-
tion.

Fig. 6 schematically illustrates operation of an embodiment of the organ detection function/rule.

Fig. 7 schematically illustrates operation of an embodiment of the tool detection function/rule.

Fig. 8 schematically illustrates operation of an embodiment of the movement detection function/rule.

Fig. 9 schematically illustrates operation of an embodiment of the prediction function/rule.

Fig. 10 schematically illustrates operation of an embodiment of the right tool function/rule.

Fig. 11 schematically illustrates operation of an embodiment of the field of view function/rule.

Fig. 12 schematically illustrates operation of an embodiment of the tagged tool function/rule.

Fig. 13 schematically illustrates operation of an embodiment of the proximity function/rule.

Fig. 14 schematically illustrates operation of an embodiment of the operator input function/rule.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0232] Before explaining at least one embodiment of the invention in detail, it is to be understood that the invention is
not limited in its application to the details of construction and the arrangement of the components set forth in the following
description or illustrated in the drawings. The invention is applicable to other embodiments or of being practiced or carried
out in various ways and is only limited by the claims. 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.
[0233] The term ’toggle’ refers hereinafter to switching between one tagged surgical tool to another.
[0234] 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.
[0235] The term ’endoscope’ refers hereinafter to any means adapted for looking inside the body for medical reasons.
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.
[0236] The term ’region of interest’ refers hereinafter to any region within the human body which may be of interest
to the operator of the system of the present invention. The region of interest may be, for example, an organ to be operated
on, a RESTRICTED area to which approach of a surgical instrument is RESTRICTED, a surgical instrument, or any
other region within the human body.
[0237] The term ’spatial position’ refers hereinafter to a predetermined spatial location and/or orientation of an object
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(e.g., the spatial location of the endoscope, the angular orientation of the endoscope, and any combination thereof).
[0238] 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.
[0239] The term ’preferred area’ refers hereinafter to predetermined area to which a surgical tool (e.g., an endoscope)
is allowed and/or preferred to be spatially positioned in.
[0240] The term ’automated assistant’ refers hereinafter to any mechanical device (including but not limited to a
robotic device) that can maneuver and control the position of a surgical or endoscopic instrument, and that can in addition
be adapted to receive commands from a remote source.
[0241] The term ’tool’ or ’surgical instrument’ refers hereinafter 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.
[0242] 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.
[0243] The term ’automatic’ or ’automatically’ refers to any process that proceeds without the necessity of direct
intervention or action on the part of a human being.
[0244] The term ’ALLOWED movement’ refers hereinafter to any movement of a surgical tool which is permitted
according to a predetermined set of rules.
[0245] The term ’RESTRICTED movement’ refers hereinafter to any movement of a surgical tool which is forbidden
according to a predetermined set of rules. For example, one rule, according to the present invention, provides a preferred
volume zone rule which defines a favored zone within the surgical environment. Thus, according to the present invention
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.
[0246] The term ’time step’ refers hereinafter to the working time of the system. At each time step, the system receives
data from sensors and commands from operators and processes the data and commands and executes actions. The
time step size is the elapsed time between time steps.
[0247] Laparoscopic surgery, also called minimally invasive surgery (MIS), is a modern surgical technique in which
operations in the abdomen are performed through small incisions (usually 0.5-1.5cm) 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.
[0248] The abdomen is usually injected with carbon dioxide 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.
[0249] In many cases, the laparoscope 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.
[0250] The present invention discloses a surgical controlling 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.
[0251] According to different embodiments, the surgical controlling system comprises the following components:

a. at least one surgical tool adapted to be inserted into a surgical environment of a human body for assisting a
surgical procedure;

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;

c. at least one movement detection means communicable with a movement-database and with said location esti-
mating means; said movement-database is adapted to store said 3D spatial position of said at least one surgical
tool at time tf and at time to; where tf > to ; 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 tf is different than said 3D
spatial position of said at least one surgical tool at time to; and,
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d. a controller having a processing means communicable with a database, the controller adapted to control the
spatial position of the at least one surgical tool;

[0252] The database may be adapted to store a predetermined set of rules according to which ALLOWED and RE-
STRICTED 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. 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.
[0253] Thus, the present embodiment stores the 3D spatial position of each of said surgical tools at a current at time
tf and at time t0; where tf > t0. If the 3D spatial position of said at least one surgical tool at time tf is different than said
3D spatial position of said at least one surgical tool at time to movement of the tool is detected. Next the system analyses
said movement according to said set of rule and process whether said movement is ALLOWED movement or RESTRICT-
ED movement.
[0254] According to one embodiment, the system prevents said movement, if said movement is a RESTRICTED
movement. Said movement prevention is obtained by controlling a maneuvering system which prevents the movement
of said surgical tool.
[0255] According to one embodiment, the system does not prevent said movement, (if said movement is a RESTRICT-
ED movement), but merely signals/alerts the user (i.e., the physician) of said RESTRICTED movement.
[0256] According to another embodiment, said surgical tool is an endoscope.
[0257] According to different embodiments, 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.
[0258] Thus, according to a preferred embodiment, the present invention provides a predetermined set of rules which
define what is an "allowed movement" of any surgical tool within the surgical environment and what is a "RESTRICTED
movement" of any surgical tool within the surgical environment.
[0259] According to some embodiments the system comprises a maneuvering subsystem communicable 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.
[0260] 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 movements of
the surgical tool will be performed. Preventing RESTRICTED movements is performed by: detecting the location of the
surgical tool; processing all current rules; analyzing the movement of the surgical tool and preventing the movement if
the tool’s movement is a RESTRICTED movement.
[0261] 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).
[0262] Alerting the physician of RESTRICTED movements (or, alternatively preventing a RESTRICTED movement)
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.
[0263] Thus, according to a preferred embodiment, if RESTRICTED movements are prevented, 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.
[0264] According to another embodiment, the above (alerting 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. Following
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
surgical 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.
[0265] According to one embodiment, 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.
[0266] The predetermined set of rules 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 com-
bination thereof:

a. a route rule;
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b. an environment rule;

c. an operator input rule;

d. a proximity rule;

e. a collision prevention rule;

f. a history based rule;

g. a tool-dependent allowed and RESTRICTED movements rule.

h. a most used tool rule;

i. a right tool rule;

j. a left tool rule;

k. a field of view rule;

l. a no-fly zone rule;

m. an operator input rule;

n. a preferred volume zone rule;

o. a preferred tool rule;

p. a movement detection rule,

[0267] Thus, for example, the collision prevention rule defines a minimum distance below which two or more tools
should not be brought together (i.e., there is minimum distance between two or more tools that should be 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.
[0268] It 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 envi-
ronment.
[0269] The identification is provided by conventional means known to any skilled in the art (e.g., image processing,
optical means etc.).
[0270] The following provides explanations for each of the above-mentioned rules and its functions:
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 predefined route, and the RESTRICTED movements are movements
in which the at least one surgical tool is located out of the borders of the predefined route. Thus, according to this
embodiment, the route rule comprises a communicable database storing at least one predefined route in which the at
least one surgical tool is adapted to move within the surgical environment; the predefined route comprises n 3D spatial
positions of the at least one surgical tool in the route; n is an integer greater than or equal to 2; ALLOWED movements
are movements in which the at least one surgical tool is located substantially in at least one of the n 3D spatial positions
of the predefined route, and RESTRICTED movements are movements in which the location of the at least one surgical
tool is substantially different from the n 3D spatial positions of the predefined route.
[0271] In other words, according to the route rule, each of the surgical tool’s courses (and path in any surgical procedure)
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.
[0272] According to some embodiments, the environmental 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
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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 movements are movements in which the location of at least one surgical tool is substantially different from
the 3D spatial positions.
[0273] In other words, according to the environment rule, each element in the surgical environment is identified so as
to establish which is a hazard or obstacle (and a path in any surgical procedure) and each hazard and obstacle (and
path) is stored in a communicable database. RESTRICTED movements are defined as movements in which the at least
one surgical tool is located substantially in the same location as that of the hazards or obstacles; and the ALLOWED
movements are movements in which the location of the at least one surgical tool is substantially different from that of
all of the hazards or obstacles.
[0274] According to other embodiments, hazards and obstacles in the surgical environment are selected from a group
consisting of tissues, surgical tools, organs, endoscopes and any combination thereof.
[0275] 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 movements of the at least one surgical tool. Thus, according
to this embodiment, the operator input rule comprises a communicable 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.
[0276] According to other embodiments, the input comprises n 3D spatial positions; n is an integer greater than or
equal to 2; wherein at least one of which is defined as an ALLOWED location and at least one of which is defined as a
RESTRICTED location, such that the ALLOWED movements are movements in which the at least one surgical tool is
located substantially in at least one of the n 3D ALLOWED spatial positions, and the RESTRICTED movements are
movements in which the location of the at least one surgical tool is substantially different from the n 3D ALLOWED
spatial positions.
[0277] According to other embodiments, 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.
[0278] According to other embodiments, the operator input rule can convert an ALLOWED movement to a RESTRICT-
ED movement and a RESTRICTED movement to an ALLOWED movement.
[0279] According to some embodiments, the proximity rule is adapted to define a predetermined distance between
the at least one surgical tool and at least one another surgical tool; the ALLOWED movements are movements which
are within the range or out of the range of the predetermined distance, and the RESTRICTED movements which are
out of the range or within the range of the predetermined distance; the ALLOWED movements and the RESTRICTED
movements are defined according to different ranges. Thus, according to this embodiment, the proximity rule is 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 move-
ments which are out of the range of the predetermined distance. In another preferred embodiment, the ALLOWED
movements are movements which are out of the range of the predetermined distance, while the RESTRICTED move-
ments are within the range of the predetermined distance
[0280] It should be pointed out that the above-mentioned distance can be selected from the following:

(f) the distance between the tip of the first tool and the tip of the second tool;

(g) the distance between the body of the first tool and the tip of the second tool;

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

(i) the distance between the tip of the first tool and the body of the second tool; and any combination thereof.

[0281] According to another embodiment, the proximity rule is adapted to define a predetermined angle between at
least three surgical tools; ALLOWED movements are movements 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.
[0282] According to some embodiments, 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 (e.g. tissue, organ,
another surgical tool or any combination thereof); the ALLOWED movements are movements which are in a range that
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is larger than the predetermined distance, and the RESTRICTED movements are movements which is in a range that
is smaller than the predetermined distance.
[0283] According to another embodiment, the anatomical element is selected from a group consisting of tissue, organ,
another surgical tool or any combination thereof.
[0284] According to some embodiments, the surgical tool is an endoscope. The endoscope is adapted to provide real-
time images of the surgical environment.
[0285] 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 a movement in which the endoscope field of view is moved to a location substantially different from the location
of the right tool.
[0286] According to some embodiments, the left 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 left of the same. According to this rule, the tool which is defined as the left tool is constantly tracked by the
endoscope. According to some embodiments, the left tool is defined as the tool positioned to the left of the endoscope;
according to other embodiments, any tool can be defined as the left tool. An allowed movement, according to the left
tool rule, is a movement in which the endoscope field of view is moved to a location substantially the same as the location
of the left tool. A RESTRICTED movement, according to the left tool rule, is a movement in which the endoscope field
of view is moved to a location substantially different from the location of the left tool.
[0287] 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
comprises a communicable database comprising n 3D spatial positions; n is an integer greater than or equal to 2; the
combination of all of the n 3D spatial positions provides a predetermined field of view; the field of view rule is 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.
[0288] 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 n 3D
spatial positions provides a predetermined field of view. The field of view rule further comprises a communicable database
of m tools and the 3D spatial locations of the same, where m is an integer greater than or equal to 1 and where a tool
can be a surgical tool, an anatomical element and any combination thereof. The combination of all of the n 3D spatial
positions provides a predetermined field of view. The field of view rule is adapted to determine ALLOWED movement
of the endoscope such that the m 3D spatial positions of the tools comprise at least one of the n 3D spatial positions of
the field of view, and RESTRICTED movements are movements in which the 3D spatial position of at least one tool is
substantially different from the n 3D spatial positions of the field of view.
[0289] 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 movement of the endoscope outside the n 3D spatial positions, such that
the ALLOWED movements are movements in which the endoscope is located substantially in at least one of the n 3D
spatial positions, and the RESTRICTED movements are movements in which the location of the endoscope is substan-
tially different from the n 3D spatial positions. In other words, the preferred volume zone rule defines a volume of interest
(a desired volume of interest), such that an ALLOWED movement, according to the preferred volume zone rule, is a
movement in which the endoscope (or any surgical tool) is moved to a location within the defined preferred volume. A
RESTRICTED (or any surgical tool) movement, according to the preferred volume zone rule, is a movement in which
the endoscope is moved to a location outside the defined preferred volume.
[0290] 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
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tool. A RESTRICTED movement is a movement in which the endoscope is moved to a location substantially different
from the location of the preferred tool. Thus, according to the preferred tool rule the endoscope constantly tracks the
preferred tool, such that the field of view, as seen from the endoscope, is constantly 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.
[0291] 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
determine a RESTRICTED movement if the movement is within the no fly zone and an ALLOWED movement if the
movement is outside the no fly zone, such that RESTRICTED movements are movements in which the at least one
surgical tool is located substantially in at least one of the n 3D spatial positions, and the ALLOWED movements are
movements in which the location of the at least one surgical tool is substantially different from the n 3D spatial positions.
[0292] 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.
[0293] 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.
[0294] According to another embodiment, an ALLOWED movement is one permitted by the controller and a RE-
STRICTED movement is one denied by the controller.
[0295] 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 instructions from the physician as to what can be regarded as ALLOWED
movements and what are RESTRICTED movements. 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.
[0296] According to some embodiments, the history-based rule is adapted to determine the ALLOWED and RE-
STRICTED movements according to historical movements of the at least one surgical tool in at least one previous
surgery. Thus, according to this embodiment, the history-based rule comprises a communicable database storing each
3D spatial position of each of the surgical tools, such that each 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 location of the at least one surgical tool is substantially different from the n 3D spatial positions.
[0297] According to some embodiments, the tool-dependent 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 dimensions,
structure, weight, sharpness, and any combination thereof. Thus, according to this embodiment, 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 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.
[0298] According to another embodiment, the predetermined characteristics of the surgical tool are selected from a
group consisting of: physical dimensions, structure, weight, sharpness, and any combination thereof.
[0299] 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 characteristics as defined by the user.
[0300] According to another embodiment, the movement detection rule comprises a communicable database com-
prising the real-time 3D spatial positions 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.
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[0301] According to another embodiment, the system further comprises 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.
[0302] 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.
[0303] According to another embodiment, the location estimating means comprise at least one selected from a group
consisting of optical imaging means, radio frequency transmitting and receiving means, at least one mark on at least
one surgical tool and any combination thereof.
[0304] 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 subsystem comprising (a) at least one array comprising N regular
light sources or N pattern light sources, where N is a positive integer; (b) at least one array comprising M cameras,
where M is a positive integer; (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.
[0305] 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 variables includes, for example: the type of the surgery, the
working space (e.g., with foreign objects, dynamic uncorrelated movements, etc), the type of tools used during the
surgery, changing background, relative movements, dynamic procedures, 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.
[0306] The present invention can be also utilized to improve the interface between the operators (e.g., the surgeon,
the operating medical assistant, the surgeon’s colleagues, 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.
[0307] 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 automatic 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 endoscope.
[0308] 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.
[0309] The maneuvering function f(t) receives, as input, output from at least two instructing functions gi(t), analyses
their output and provides instruction to the "smart" tracking system (which eventually re-directs the endoscope).
[0310] According to some embodiments, each instructing function gi(t) is also given a weighting function, αi(t).
[0311] The instructing functions gi(t) of the present invention are functions which are configured to assess the envi-
ronment of the endoscope and the surgery, and to output data which guides the tracking subsystem for controlling the
spatial position of the maneuvering subsystem and the endoscope. The instructing functions gi(t) may be selected from
a group consisting of:

a. a tool detection function gl(t);

b. a movement detection function g2(t);

c. an organ detection function g3(t);

d. a collision detection function g4(t);

e. an operator input function g5(t);

f. a prediction function g6(t);

g. a past statistical analysis function g7(t);

h. a most used tool function g8(t);
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i. a right tool function g9(t);

j. a left tool function g10(t);

k. a field of view function g11(t);

l. a preferred volume zone function g12(t);

m. a no-fly zone function g13(t);

n. a proximity function g14(t);

o. a tagged tool function g15(t);

p. a preferred tool function g16(t).

[0312] Thus, for example, the maneuvering function f(t) receives input from two instructing functions: the collision
detection function g4(t) (the function providing information whether the distance between two elements is smaller than
a predetermined distance) and from the most used tool function g8(t) (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 function g4(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 g8(t) is that the tool identified
statistically as the most moved tool is currently moving.
[0313] The maneuvering function f(t) then assigns each of the instructing functions with weighting functions αi(t). For
example, the most used tool function g8(t) is assigned with a greater weight than the weight assigned to the collision
detection function g4(t).
[0314] After the maneuvering function f(t) analyses the information received from the instructing functions gi(t) and
the weighting functions αi(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).
[0315] 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 element/tool in the surgical environment.
[0316] The identification is provided by conventional means known to any skilled in the art (e.g., image processing,
optical means etc.).
[0317] According to some embodiments, the surgical tracking subsystem comprises:

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

b. a maneuvering subsystem adapted to control the spatial position of the endoscope during the laparoscopic surgery;
and,

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.

[0318] According to this embodiment, 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 f(t) is adapted to (a) receive input from at least two instructing functions gi(t), where i is 1,...,n and n ≥ 2
and where t is time; i and n are integers; and (b) to output instructions to the maneuvering subsystem based on the input
from the at least two instructing functions gi(t), so as to spatially position the endoscope to the region of interest.
[0319] According to one embodiment, the tool detection function gl(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 subsystem to instruct the maneuvering subsystem to direct the
endoscope to the detected surgical tools.
[0320] According to some embodiments, the functions gi(t) may rank the different detected areas in the surgical
environment 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 maintained) receive the highest score (e.g., 10).
[0321] According to a preferred embodiment, one function gl(t) is adapted to detect tools in the surgical environment
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and inform the maneuvering function f(t) if they are in preferred areas or in prohibited areas.
[0322] According to some embodiments, the movement detection function g2(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 maneuvering subsystem to direct the endoscope to the moved
surgical tool.
[0323] According to some embodiments, the organ detection function g3(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 kidney surgery, the organ detection function g3(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 embodiment, 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 endoscope to the detected organs. According to some embodiments, the right tool function is
adapted to detect surgical tool positioned 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.
[0324] 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 subsystem to instruct the maneuvering system to constantly
direct the endoscope on the left tool and to track the left tool.
[0325] According to some embodiments, the collision detection function g4(t) is adapted to detect prohibited areas
within the surgical environment so as to prevent collisions between the endoscope 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 g4(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 function is adapted to define a predetermined 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 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 the anatomical element is selected from
a group consisting of tissue, organ, another surgical tool and any combination thereof.
[0326] According to some embodiments, the operator input function g5(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 g5(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).
[0327] According to some embodiments, the operator input function g5(t) comprises a communicable database; 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 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.
[0328] According to some embodiments, the prediction function g6(t) is adapted to provide data regarding a surgical
environment at a time tf > to, wherein t0 is the present time and tf is a future time. The prediction function g6(t) may
communicate with a database which stores data regarding the environment of the surgery (e.g., the organs in the
environment). This data may be used by the prediction function g6(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
g6(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 prediction function is adapted to (a) to predict
the future 3D spatial position of each of the surgical tools (or each object); and, (b) to output instructions to the tracking
subsystem to instruct the maneuvering subsystem to direct the endoscope to the future 3D spatial position.
[0329] According to some embodiments, the past statistical analysis function g7(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 g6(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 past statistical analysis
function g6(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 endoscope to the future 3D spatial position.
Thus, according to the past statistical analysis function g7(t), the past movements of each tool are analyzed and, according
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to this analysis, a prediction of the tool’s next move is provided.
[0330] According to another embodiment, the most used tool function g8(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 subsystem 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.
[0331] According to some embodiments, the right tool function g9(t) is adapted to detect at least one surgical tool in
a specified position in relation to the endoscope, preferably positioned to right of the endoscope and to output instructions
to the tracking subsystem to instruct the maneuvering subsystem 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.
[0332] According to another embodiment, the left tool function g10(t) 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 subsystem 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.
[0333] According to another embodiment, the field of view function g11(t) comprises a communicable database com-
prising 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 subsystem
to instruct the maneuvering subsystem 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.
[0334] According to another embodiment, the preferred volume zone function g12(t) comprises a communicable da-
tabase 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 g12(t) is adapted to output instructions to the tracking
subsystem to instruct the maneuvering subsystem to direct the endoscope to at least one 3D spatial position substantially
within the preferred volume zone.
[0335] According to another embodiment, the no fly zone function g13(t) 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 define a predetermined
volume within the surgical environment; the no fly zone function g13(t) is adapted to output instructions to the tracking
subsystem to instruct the maneuvering subsystem to direct the endoscope to at least one 3D spatial position substantially
different from all the n 3D spatial positions.
[0336] According to some embodiments, the proximity function g14(t) 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
subsystem 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.
[0337] According to another embodiment, the proximity function g14(t) 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
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.
[0338] 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
preferred 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.
[0339] 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.
[0340] 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.
[0341] According to another embodiment, 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.
[0342] According to some embodiments, the prediction function g6(t) is adapted to provide data regarding a surgical
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environment in a time tf > t, wherein t is the present time and tf is the future time. The prediction function g6(t) may
communicate with a database which stores data regarding the environment of the surgery (e.g., the organs in the
environment). This data may be used by the prediction function g6(t) for the prediction of expected or unexpected events
or object during the operation. Thus, according to this embodiment, the prediction function comprises a communicable
database storing each 3D spatial position of each of surgical tool within the surgical environment, such that each move-
ment 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.
[0343] According to some embodiments, the past statistical analysis function g7(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 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 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 g7(t),
the past movements of each tool are analyzed and according to this analysis a future prediction of the tool’s next move
is provided.
[0344] 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.
[0345] 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 maintained 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.
[0346] According to some embodiments, the tagged tool function g15(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
function the endoscope constantly tracks the preferred (i.e., tagged) tool, such that the field of view, as seen from the
endoscope, is constantly maintained on said preferred (tagged) tool. It 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.
[0347] According to some embodiments, the means are adapted to constantly tag the at least one of surgical tool
within the surgical environment.
[0348] According to some embodiments, the preferred tool function g16(t) comprises a communicable database. The
database stores a preferred tool; and the preferred tool function is adapted to output instructions to the tracking subsystem
to instruct the maneuvering subsystem to direct the endoscope to the preferred tool.
[0349] According to some embodiments, the system further comprises means adapted to re-tag the at least one of
the surgical tools until a desired tool is selected.
[0350] According to some embodiments, the system further comprises means adapted to toggle the surgical tools.
According to some embodiments, the toggling is performed manually or automatically.
[0351] According to different embodiments, the weighting functions αi(t) are time-varying functions, the value of which
is determined by the operator. In an embodiment not part of the claimed invention, the weighting functions αi(t) can be
constant in time. In an embodiment not part of the claimed invention, the value of the weighting functions αi(t) is determined
by the output of the instructing functions gi(t). For example, if a specific function gi(t) detected an important event or
object, its weighting functions αi(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.
[0352] According to different embodiments, the tracking subsystem may implement various image processing algo-
rithms which may also be algorithms that are well known in the art. The image processing algorithms may be for example:
image stabilization algorithms, image improvement algorithms, image compilation algorithms, image enhancement al-
gorithms, image detection algorithms, image classification algorithms, image correlations 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 endoscope. The image processing algorithm
may also be implemented and used to analyze 2D or 3D representations which may be rendered from the real-time
images of the surgical environment.
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[0353] According to different embodiments, the endoscope may comprise an image acquisition device selected from
a 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.
[0354] 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 display 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.
[0355] According to some embodiments, the endoscope may be controlled be an endoscope controller for performing
operations such as: acquiring the real-time images and zooming-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.
[0356] According to different embodiments, the data processor of the present invention may operate a pattern recog-
nition algorithm for assisting the operation of the instructing functions gi(t). The pattern recognition algorithm may be
used as part of the image processing algorithm.
[0357] 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 element/tool in the surgical environment.
[0358] The identification is provided by conventional means known to any skilled in the art (e.g., image processing,
optical means etc.).
[0359] The present patent further discloses a method for assisting an operator to perform a surgical procedure, com-
prising steps of:

a. providing a surgical controlling system, comprising: (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;

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

c. estimating the location of the at least one surgical tool within the surgical environment; and,

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 comprises ALLOWED and RESTRICTED movements of the at least one surgical
tool, such that the spatial position of the at least one surgical tool is controlled by the controller according to the
ALLOWED and RESTRICTED movements.

[0360] The present patent also discloses a method for assisting an operator to perform laparoscopic surgery on a
human body. The method comprises 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 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;

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

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 function f(t);

the maneuvering function f(t) is adapted to (a) receive input from at least two instructing functions gi(t), where i is 1,...,n
and n ≥ 2; where t is time; i and n are integers; and (b) to output instructions to the maneuvering subsystem based on
the input from the at least two instructing functions gi(t), so as to spatially position the endoscope to the region of interest.
[0361] 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 element/tool in the surgical environment.
[0362] The identification is provided by conventional means known to any skilled in the art (e.g., image processing,
optical means etc.).
[0363] The present invention further discloses a surgical controlling system, comprising:

a. at least one endoscope adapted to provide real-time image of surgical environment of a human body;
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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 elements is characterized by predetermined characteristics;

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 predetermined characteristics;

d. a communicable database, in communication with the processing means and the image processing means,
adapted to store the predetermined characteristics and the updated characteristics;

the system is adapted to notify the operator if the updated characteristics are substantially different from the predetermined
characteristics.
[0364] Thus, according to this embodiment, each element in the surgical environment is characterized. The charac-
teristics are constantly monitored. If the characteristics change substantially, the system notifies the user.
[0365] For example, the element that is monitored could be an organ and the characteristic being monitored is its
contours. Once the contours have significantly changed (which could imply that the organ has been e.g., carved) the
system alerts the user.
[0366] 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.
[0367] The identification is provided by conventional means known to any skilled in the art (e.g., image processing,
optical means etc.).
[0368] According to another embodiment, 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.
[0369] According to another embodiment, the system additionally comprises at least one surgical tool adapted to be
inserted into a surgical environment of a human body for assisting a surgical procedure.
[0370] According to another embodiment, the system additionally comprises at least one location estimating means
adapted to estimate the location of the at least one surgical tool.
[0371] According to another embodiment, the system additionally comprises a controller having a processing means
communicable with a database, the controller adapted to control the spatial position of the at least one surgical tool.
[0372] The present patent further provides a method for controlling surgery, comprising steps of:

a. obtaining a system comprising:

i. at least one endoscope adapted to provide real-time image of a surgical environment in a human body;

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 characterized by
predetermined characteristics;

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

iv. a communicable database, in communication with the processing means and the image processing means,
adapted to store the predetermined characteristics and the updated characteristics;

b. providing a real-time image of a surgical environment in a human body;

c. defining the n elements;

d. characterizing each of the elements by the predetermined characteristics;

e. providing a real-time update of the predetermined characteristics;

f. notifying the user if the updated characteristics are substantially different from the predetermined characteristics.

[0373] According to another embodiment, 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.
[0374] According to another embodiment, the method additionally comprises a step of providing at least one surgical
tool adapted to be inserted into a surgical environment of a human body for assisting a surgical procedure.
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[0375] According to another embodiment, the method additionally comprises a step of providing at least one location
estimating means adapted to estimate the location of the at least one surgical tool.
[0376] According to another embodiment, the method additionally comprises a step of providing a controller having a
processing means communicable with a database, the controller adapted to control the spatial position of the at least
one surgical tool.
[0377] According to another embodiment, the system additionally comprises an image processing 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 embodiment, 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.
[0378] 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).
[0379] 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
endoscope).
[0380] 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.
[0381] 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.
[0382] 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.
[0383] The following figures provide examples of several of the above-mentioned rules and functions.
[0384] Reference is made now to Fig. 1, which is a general schematic view of a specific embodiment of a surgical
tracking system 100. In this figure are illustrated surgical instruments 17b and 17c and an endoscope 21 which may be
maneuvered by means of maneuvering subsystem 19 according to the instructions received from a tracking subsystem
operable by computer 15.
[0385] According to one embodiment as defined in the above, the user may define the field of view function as constantly
monitoring at least one of surgical instruments 17b and 17c.
[0386] 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.
[0387] Alternatively, according to the proximity rule, if the distance between the surgical instruments 17b and 17c 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 17b and 17c that will reduce the distance is a RESTRICTED movement.
[0388] Reference is made now to Fig. 2, which schematically illustrates the operation of the present invention. According
to this figure, the system comprises a display 30 in which the overall procedure is presented to the operator. In this figure
an endoscope is automatically spatially repositioned towards a region of interest 38.
[0389] The region of interest to which the endoscope is repositioned comprises tools 37b and 37c, which are auto-
matically detected by the tracking subsystem (not shown) of computer 15. According to different embodiments, the
repositioning of the endoscope may be automatic or semi-automatic. For example, according to Fig. 2, a light depression
of the button on generic code-emitting wireless transmitter 12a 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 to be
spatially repositioned to the predefined region of interest (e.g., the location in which the working tools are located).
According to this embodiment, the operator may define the region of interest as the region in which a tip 35b of tool 37b
is found.
[0390] According to another embodiment, the operator can define one of the surgical instruments 17b and 17c as a
preferred 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 35b in Fig. 2).
[0391] 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.
[0392] According to another embodiment, 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 12a is emitted).
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[0393] Referring again to Fig. 2, once a region of interest has been defined, the tracking subsystem is adapted to look
for tip 35b within the region of interest by performing image processing. When tip 35b is not detected by the tracking
subsystem, the system can move the endoscope in a forward direction along a predefined track. When tip 35b is detected
by the tracking subsystem, the endoscope automatically focuses of the region of interest.
[0394] 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
triangulate the position of the switch. The same is true for a light-emitting switch. In a preferred embodiment, a single
wireless emission code is utilized and choice is achieved by a visible graphic representation on a conventional viewing
screen.
[0395] In another preferred embodiment, each instrument is fitted with a unique code wireless transmitter, and selection
is achieved by depressing its button.
[0396] According to different embodiments, the tracking subsystem may be used in any conventional camera-assisted
laparoscopic surgery system which comprises an endoscope. Upon depression of at least one button on a transmitter
for activating the tracking subsystem, 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.
[0397] For example, the system 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 subsystem, the endoscope directs
the view to the predefined region of interest.
[0398] According to some embodiments, the tracking subsystem may identify a surgical tool after characterization of
the same prior to the surgery. The characteristics of the surgical 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.
[0399] The device of the present invention has many technological advantages, among them:

• Simplifying the communication interface between surgeon and mechanical assistants.

• Seamless interaction with conventional computerized automated endoscope systems.

• Simplicity of construction and reliability.

• User-friendliness.

[0400] Additional features and advantages of the invention will become apparent from the following drawings and
description.
[0401] To improve the control of the endoscope, the system may comprise a maneuvering subsystem. Many maneu-
vering systems are known in the art and many of them have several degrees of freedom:

(a) one degree of freedom enables the system to move the endoscope or laparoscope forward and backwards;
(b) another degree of freedom enables the system to move the endoscope or laparoscope in a zoom movement
i.e. in and out of the patient’s body through the penetration point;
(c) another degree of freedom enables the system to move the endoscope or laparoscope to the right and left;
(d) another degree of freedom enables the system to fine tune endoscope or laparoscope movements to the right
and to the left;
(e) another degree of freedom enables the system to fine tune endoscope or laparoscope movements forward and
backwards;
(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".

[0402] Such maneuvering systems are utilized so as to reposition the endoscope to the desired location.
[0403] The present system is utilized to improve upon the interface between surgeon and automated assistants by
communicating the surgeon’s current instrument of choice, supplying location data to the image processing computing
software, thereby directing the endoscope to focus on that choice. The technology relies on marrying a conventional
laparoscopic system with data obtained from e.g., small RF transmitters attached to a surgical tool or, alternatively, data
obtained from light emitters (e.g., LED bulbs) attached to a surgical tool.
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[0404] It will 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.
[0405] Fig 2a shows an example of using the system of the present invention in abdominal laparoscopic surgery.
[0406] Fig 2b shows an example of using the system of the present invention in knee endoscopic surgery.
[0407] Lastly, Fig 2c shows an example of using the system of the present invention in shoulder endoscopic surgery.

EXAMPLES

[0408] Examples are given in order to prove the embodiments claimed in the present invention. The example, which
is a clinical test, describes the manner and process of the present invention and set forth the best mode contemplated
by the inventors for carrying out the invention, but are not to be construed as limiting the invention.
[0409] In the examples below, similar numbers refer to similar parts in all of the figures.

Example 1 - Tracking system with collision avoidance system

[0410] 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):

Gt1 Move according to manual command

Gt2 Stop movement

The scenario - manual move command by the surgeon:

[0411] Locations Gd1(t) and Gd2(t) are calculated in real time at each time step (from an image or location marker).
[0412] 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).
[0413] The probability of collision - Gd4(t) - is calculated, 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. 

[0414] In reference to Fig. 3, which shows, in a non-limiting manner, an embodiment of a tracking system and collision
avoidance system. The system tracks a tool 310 and the liver 320, in order to determine whether a collision between
the tool 310 and the liver 320 is possible within the next time step. Figs. 3a and 3b show how the behavior of the system
depends on the distance 330 between the tool 310 and the liver 320, while Figs. 3c and 3d show how movement of the
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tool 310 affects the behavior. In Fig. 3a, 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.
3b, the distance 330 between the tool 310 and the liver 320 is small enough that a collision is likely. In the embodiment
illustrated, a movement 340 is commanded to move the tool 310 away from the liver 320. In other embodiments, the
system prevents movement 350, but does not command movement 340; in such embodiments, the tool 310 will remain
close to the liver 320. In yet other embodiments, the system warns/signals the operator that the move is RESTRICTED,
but does not restrict movement 350 or command movement 340 away from the liver. Such a warning/signaling can be
visual or aural, using any of the methods known in the art.
[0415] Figs. 3c and 3d illustrate schematically the effect of the movement of tool 310 on the collision avoidance system.
In Figs. 3c and 3d, the tool 310 is close enough to the liver 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. 3c 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.
[0416] In Fig. 3d, tool 310 is the same distance from liver 320 as in Fig. 3c. However, in Fig. 3d, the movement 350
of the tool 310 is toward the liver 320, making a collision between tool 310 and liver 320 possible. In some embodiments,
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.
[0417] 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

[0418] One embodiment of such rule-based system comprises the following set of commands:

Detection (denoted by Gd):

Main Tool location detection function (denoted by GdM);
Gd-tool1-K - Tool location detection function;
Gd-organ2-L - Organ (e.g. Liver) detection function;
Gd3 Main Tool Movement (vector) calculation and estimation function;
Gd4 Proximity probability detection function;

Tool Instructions (denoted Gt):
Gt1 Movement vector (direction and speed) according to manual command

The scenario - manual move command by the surgeon:

[0419] Locations GdM(t), Gd-tool1-K(t) and Gd-organ2-L(t) are calculated in real time at each time step (from image
or location marker).
[0420] Main Tool Movement Vector Gd3(t) is calculated per GdM (t) as the difference between the current location
and at least one previous location (probably also taking into account previous movement vectors)
The proximity of the main tool to other tools - Gd4(t) - is calculated, for example, as the smallest of the differences
between the main tool location and the other tools’ locations.
[0421] Tool Instructions Gt1 Weight function α1(t) is proportional to tool proximity function Gd4(t), the closer the tool
the slower the movement so that, for example 

or
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α2(t) = 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. 

Example 3 - Tracking system with no-fly rule/function

[0422] In reference to Fig. 4, which shows, in a non-limiting manner, an embodiment of a tracking system with no-fly
rule. The system tracks a tool 310 with respect to a no-fly zone (460), in order to determine whether the tool will enter
the no-fly zone (460) within the next time step. In this example, the no-fly zone 460 surrounds the liver.
[0423] 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. 4c and 4d show how movement of the tool affects the behavior.
[0424] In Fig. 4a, the tool 310 is outside the no-fly zone rule/function 460 and no movement of the tool is commanded.
In Fig. 4b, the tool 310 is inside the no-fly zone 460.
[0425] The no-fly zone rule/function performs as follows:
In the embodiment illustrated, a movement 350 is commanded to move the tool 310 away from the no-fly zone 460. In
other embodiments, the system prevents movement further into the no-fly zone (refers as movement 340, see Fig. 4c),
but does not command movement 340; in such embodiments, the tool 310 will remain close to the no-fly zone 460.
[0426] In yet 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
warning/signaling can be visual or aural, using any of the methods known in the art.
[0427] Figs. 4c and 4d illustrate schematically the effect of the tool’s movement on operation of the no-fly zone rule/func-
tion. In Figs. 4c and 4d, the tool 310 is close enough to the no-fly zone460 (distance 330 is small enough) that it is
possible for the tool to enter the no-fly zone during the next time step. Fig. 4c 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.
[0428] In Fig. 4d, tool 310 is the same distance from no-fly zone 460 as in Fig. 4c. 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 embodiments, the system warns/signals the operator that the move is
RESTRICTED, but does not restrict movement 340 or command movement 350 away from the no-fly zone rule/function
460. Such a warning/signaling can be visual or aural, using any of the methods known in the art.

Example 4 - Tracking system with preferred volume zone rule/function

[0429] In reference to Fig. 5, which shows, in a non-limiting manner, an embodiment of a tracking system with a
preferred volume zone function/rule.
[0430] The system tracks a tool 310 with respect to a preferred volume zone (570), in order to determine whether the
tool will leave the preferred volume (570) within the next time step.
[0431] In this example, the preferred volume zone 570 extends over the right lobe of the liver. Figs. 5a and 5b 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. 5c and 5d show how movement of the tool affects the behavior (i.e., the preferred volume zone rule/function).
[0432] In Fig. 5a, the tool 310 is inside the preferred volume zone 570 and no movement of the tool is commanded.
In Fig. 5b, the tool 310 is outside the preferred volume zone 570.
[0433] 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 yet other embodiments, the system warns/signals the operator that
the move 340 is RESTRICTED. Such a warning/signaling can be visual or aural, using any of the methods known in the art.
[0434] Figs. 5c and 5d illustrate schematically the effect of the tool’s movement on operation of the preferred volume
rule/function. In Figs. 5c and 5d, 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.
[0435] Fig. 5c illustrates the effect of a movement 350 that would take the tool 310 deeper into preferred volume zone
570. Since the movement 350 is into preferred volume 570, said movement is an allowed movement.
[0436] In Fig. 5d, the movement 350 of the tool is out of the preferred volume 570, making it possible for tool 310 to
leave preferred volume 570.
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[0437] According to one embodiment illustrated, a movement 340 is commanded to move the tool 310 into the preferred
volume zone 570. In other embodiments, the system prevents movement 350, but does not command movement 340;
in such embodiments, the tool 310 will remain close to the preferred volume zone 570. In yet other embodiments, the
system warns/signals the operator that the move is RESTRICTED, but does not restrict movement 350 or command
movement 340 away from the preferred volume zone 570. Such a warning/signaling can be visual or aural, using any
of the methods known in the art.

Example 5 - Organ/tool Detection Function

[0438] In reference to Fig. 6, which shows, in a non-limiting 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).
[0439] For each organ, the 3D spatial positions of the organs stored in a database. In Fig. 6, the perimeter of each
organ is marked, to indicate the edge of the volume of 3D spatial locations stored in the database.
[0440] In Fig. 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.
[0441] In some embodiments, a label or tag visible to the operator is also presented. Any method of displaying identifying
markers known in the art can be used. For non-limiting example, in an enhanced display, colored or patterned markers
can indicate the locations of the organs, with the marker either indicating the perimeter of the organ or the area of the
display in which it appears.

Example 6 - Tool Detection Function

[0442] In reference to Fig. 7, which shows, in a non-limiting manner, an embodiment of a tool detection function. For
each tool, the 3D spatial positions of the tools stored in a database. In Fig. 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.
[0443] In some embodiments, a label or tag visible to the operator is also presented. Any method of displaying identifying
markers known in the art can be used. For non-limiting example, in an enhanced display, colored or patterned markers
can indicate the locations of the tools, with the marker either indicating the perimeter of the tool or the area of the display
in which it appears.

Example 7 - Movement Detection Function/rule

[0444] In reference to Fig. 8, which shows, in a non-limiting 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 at a time t. Fig. 8b schematically
illustrates the liver 810, left tool 820 and right tool 830 at a later time t + Δt, where Δt 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 Δt.
[0445] The system has detected movement of left tool 820 and labels it. This is illustrated schematically in Fig. 8b by
a dashed line around left tool 820.

Example 8 - Prediction Function

[0446] In reference to Fig. 9, which shows, in a non-limiting manner, an embodiment of the above discussed prediction
function.
[0447] Fig. 9a shows a left tool 920 and a right tool 930 at a time t.
[0448] Fig. 9b shows the same tools at a later time t + Δt, where Δt is a small-time interval. Left tool 920 is moving to
the right and downward, while right tool 930 is moving to the left and upward. If the motion continues (shown by the
dashed line in Fig. 9c), then by the end of the next time interval, in other words, at some time between time t + Δt and
time t + 2Δt, the tools will collide, as shown by tool tips within the dotted circle 950 in Fig. 9c.
[0449] In this embodiment, the system automatically prevents predicted collisions and, in this example, the system
applies a motion 940 to redirect left tool 920so as to prevent the collision.
[0450] 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.
[0451] 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.
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Example 9 - Right Tool Function/rule

[0452] 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 a right tool 1030. The right tool, illustrated schematically by
the dashed line 1040, is labeled and its 3D spatial location is constantly and real-time stored in a database. Now,
according to the right tool function/rule the endoscope constantly tracks the right tool.
[0453] 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

[0454] In reference to Fig. 11, which shows, in a non-limiting manner, an embodiment of a field of view function/rule.
[0455] 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.
[0456] The gall bladder is nearly completely visible at the left of the field of view. Two tools are also in the field of view,
with their tips in proximity with the liver. These are left tool 1150 and right tool 1160. In this example, the field of view
function/rule tracks left tool 1150. In this example, left tool 1150 is moving to the right, as indicated by arrow 1170.
[0457] Fig. 11b shows the field of view at time t + Δt. 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.
[0458] The field of view function/rule can be set to 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.
[0459] 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 provides a predetermined field of view.
[0460] Each movement of the endoscope or the surgical tool within said n 3D spatial positions is an allowed movement
and any movement of the endoscope or the surgical tool outside said n 3D spatial positions is a restricted movement.
[0461] Alternatively, said 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 provides a predetermined field of view.
[0462] 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)

[0463] In reference to Fig. 12, which shows, in a non-limiting manner, an embodiment of a tagged tool function/rule.
[0464] Fig. 12 shows three tools (1220, 1230 and 1240) in proximity to the organ of interest, in this example, the liver
1210.
[0465] The tool 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 spatial location of tool 1240 is constantly stored in a database and this spatial location
has been labeled as one of interest.
[0466] 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.
[0467] 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

[0468] In reference to Fig. 13, which shows, in a non-limiting manner, an embodiment of a proximity function/rule.
[0469] Fig. 13a schematically illustrates two tools (1310 and 1320) separated by a distance 1330 which is greater than
a predefined proximity distance. Since tool 1310 is not within proximity of tool 1320, the field of view (1380) does not move.
[0470] Fig. 13b schematically illustrates two tools (1310 and 1320) separated by a distance 1330 which is less than
a predefined proximity distance.
[0471] Since tool 1310 is within proximity of tool 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. 13c).
[0472] 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 might lead to a collision between the two tools). Alternatively,
the system moves one of the tools away from the other one.
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Example 13 - Operator Input Function/rule

[0473] In reference to Fig. 14, which shows, in a non-limiting manner, an embodiment of an operator input function/rule.
According to this embodiment, input is received from the operator.
[0474] In the following example, the input received from the operator is which tool to track.
[0475] 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.
[0476] As illustrated in Fig. 14b, 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.
[0477] Another example of the operator input function/rule is the following:
If a 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.
[0478] According to one embodiment, once the surgical tool has been stopped, any movement of said tool in the
direction is interpreted as input from the operator to continue the movement of said surgical tool in said direction.
[0479] Thus, according to this embodiment, the operator input function/rule receives input from the operator (i.e.,
physician) 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)
[0480] 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 embod-
iments were chosen and described to provide the best illustration of the principals of the invention and its practical
application, and to enable one of ordinary skill in the art to utilize the invention in various embodiments and with various
modifications as are suited to the particular use contemplated. All such modifications and variations are within the scope
of the invention as determined by the appended claims when interpreted in accordance with the breadth they are fairly,
legally, and equitably entitled.

Claims

1. A surgical tracking system for assisting an operator to perform a laparoscopic surgery of a human body, said surgical
tracking system comprising:

a. at least one endoscope (21) adapted to acquire real-time images of a surgical environment within said human
body;
b. a maneuvering subsystem (19) adapted to control the spatial position of said endoscope (21) during said
laparoscopic surgery; and,
c. a tracking subsystem in communication with said maneuvering subsystem, adapted to control the maneuvering
system so as to direct and modify the spatial position of said endoscope (21) to a region of interest;

wherein said tracking subsystem comprises a data processor; said data processor is adapted to perform real-time
image processing of said surgical environment and to instruct said maneuvering subsystem (19) to modify the spatial
position of said endoscope (21) according to input received from a maneuvering function f(t); said maneuvering
function f(t) is adapted to (a) receive input from at least two instructing functions gi(t), where i is 1,...,n and n ≥ 2;
where t is time; i and n are integers; and, to (b) output instructions to said maneuvering subsystem (19) based on
said input from said at least two instructing functions gi(t), so as to spatially position said endoscope (21) to said
region of interest; wherein each of said instructing functions gi(t) is provided with αi(t) where i is an integer greater
than or equal to 1; where αi(t) are weighting functions of each gi(t), and a n is total number of instruction functions;
further wherein said weighting functions αi(t) are time-varying functions, wherein the value of which is determined
by said operators.

2. The surgical tracking system of claim 1, wherein each of said instructing functions gi(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
statistical analysis function, proximity function, a tagged tool function, and any combination thereof.



EP 2 744 389 B1

43

5

10

15

20

25

30

35

40

45

50

55

3. The surgical tracking system of claim 2, 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..

4. The surgical tracking system of claim 2, 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.

5. The surgical tracking system of claim 2, wherein said organ detection function is adapted to detect organs in said
surgical environment and to output instructions to said tracking subsystem to instruct said maneuvering system to
direct said endoscope on said detected organs.

6. The surgical tracking system of claim 2, 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.

7. The surgical tracking system of claim 2, 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.

8. The surgical tracking system of claim 2, wherein said operator input function comprises a communicable database;
said communicable 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.

9. The surgical tracking system of claim 2, 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
system to direct said endoscope to said two surgical tools if the distance between said two surgical tools is less
than said predetermined distance.

10. The surgical tracking system of claim 2, 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 maneu-
vering 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.

11. The surgical tracking system of claim 2, 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 function is adapted to output instructions to said
tracking subsystem to instruct said maneuvering system to direct said endoscope to said preferred volume zone.

12. The surgical tracking system of claim 2, 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.

13. The surgical tracking system of claim 2, 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 environment 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.

14. The surgical tracking system of claim 2, 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
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position substantially within said n 3D spatial positions so as to maintain a constant field of view.

15. The surgical tracking system of claim 2, 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 at least one 3D spatial
position substantially different from all said n 3D spatial positions.

16. The surgical tracking system of claim 2, 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 constantly position said endoscope to track the movement of the most moved surgical tool.

17. The surgical tracking system of claim 2, wherein said prediction function comprises a communicable database
storing 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.

18. The surgical tracking system of claim 2, 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
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, (c) to output instructions to said tracking subsystem to instruct said maneuvering system
to direct said endoscope to said future 3D spatial position.

19. The surgical tracking system of claim 2, wherein said a tagged 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.

20. The surgical tracking system of claim 1, 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 algo-
rithm, 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 combination thereof; (b) said endoscope
comprises an image acquisition device selected from a group consisting of: a camera, a video camera, an electro-
magnetic sensor, a computer tomography 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 visualizing 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 assisting the operation of said instructing functions gi(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 combination thereof

21. The surgical tracking system of claim 20, wherein said at least one location estimating means are an interface
subsystem 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;
c. optional optical markers and means for attaching the optical marker to the 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.
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Patentansprüche

1. Ein chirurgisches Trackingsystem zum Unterstützen eines Bedieners, um eine laparoskopische Chirurgie an einem
menschlichen Körper durchzuführen, wobei besagtes chirurgisches Trackingsystem umfasst:

a. zumindest ein Endoskop (21), das dazu angepasst ist, Echtzeitbilder einer chirurgischen Umgebung innerhalb
des besagten menschlichen Körpers zu erlangen;
b. ein Manövrieruntersystem (19), das dazu angepasst ein, die räumliche Position des besagten Endoskops
(21) während der besagten laparoskopischen Chirurgie zu steuern; und
c. ein Trackinguntersystem in Verbindung dem besagten Manövrieruntersystem, das dazu angepasst ist, das
Manövriersystem zu steuern, um so die räumliche Position des besagten Endoskops (21) zu einer Region von
Interesse zu führen und zu modifizieren;

wobei das besagte Trackinguntersystem einen Datenprozessor umfasst, wobei besagter Datenprozessor dazu
angepasst ist, eine Echtzeitbildverarbeitung der besagten chirurgischen Umgebung durchzuführen und das besagte
Manövrieruntersystem (19) anzuweisen, die räumliche Position des besagten Endoskops (21) entsprechend einer
Eingabe zu modifizieren, die von einer Manövrierfunktion f(t) erhalten wurde; wobei die besagte Manövrierfunktion
f(t) dazu angepasst ist, (a) eine Eingabe von zumindest zwei Anweisungsfunktionen gi(t) zu erhalten, wobei i ist
1,...,n und n ≥ 2; wobei t die Zeit ist; i und n ganze Zahlen sind; und (b) Anweisungen an das besagte Manövrier-
untersystem (19) auszugeben auf der Grundlage der besagten Eingabe von den besagten zumindest zwei Anwei-
sungsfunktionen gi(t), um so das besagte Endoskop (21) hin zu der besagten Region von Interesse räumlich zu
positionieren; wobei jede der besagten Anweisungsfunktionen gi(t) bereitgestellt ist mit αi(t), wobei i eine ganze
Zahl größer als oder gleich 1 ist; wobei αi(t) Gewichtungsfunktionen von jeder gi(t) sind, und ein n ist die Gesamtzahl
der Anweisungsfunktionen; und weiter wobei die besagten Gewichtungsfunktionen αi(t) zeitlich veränderliche Funk-
tionen sind, wobei deren Wert von den besagten Bedienern bestimmt wird.

2. Das chirurgische Trackingsystem von Anspruch 1, wobei jede der besagten Anweisungsfunktionen gi(t) ausgewählt
ist aus einer Gruppe bestehend aus: einer am-Meisten-verwendetes-Werkzeug-Funktion, einer rechtes-Werkzeug-
Funktion, einer linkes-Werkzeug-Funktion, einer Gesichtsfeldfunktion, einer bevorzugte-Volumenzone-Funktion,
einer bevorzugtes-Werkzeug-Funktion, einer gesperrte-Zone-Funktion, einer Werkzeugdetektionsfunktion, einer
Bewegungsdetektionsfunktion, einer Organdetektionsfunktion, einer Kollisionsdetektionsfunktion, einer Bediener-
eingabefunktion, einer Voraussagefunktion, einer zurückliegende-statistische-Analyse-Funktion, einer Nähefunkti-
on, einer markiertes-Werkzeug-Funktion und jeder Kombination davon.

3. Das chirurgische Trackingsystem von Anspruch 2, wobei die besagte Werkzeugdetektionsfunktion dazu angepasst
sind, chirurgische Werkzeuge in der besagten chirurgischen Umgebung zu detektieren und Anweisung an das
besagten Trackinguntersystem auszugeben, um das besagte Manövriersystem anzuweisen, das besagte Endoskop
auf den besagten detektierten chirurgischen Werkzeugen zu führen.

4. Das chirurgische Trackingsystem von Anspruch 2, wobei die besagte Bewegungsdetektionsfunktion eine kommu-
nikabele Datenbank umfasst, die die Echtzeit-3D-räumlichen Positionen von jedem des chirurgischen Werkzeugs
in der besagten chirurgischen Umgebung umfasst; und um eine Bewegung des besagten zumindest einen chirur-
gischen Werkzeugs zu detektieren, wenn eine Veränderung in den besagten 3D-räumlichen Positionen empfangen
wird, und Anweisungen an das besagte Trackinguntersystem auszugeben, um das besagte Manövriersystem an-
zuweisen, das besagte Endoskop auf dem besagten bewegten chirurgischen Werkzeug zu führen.

5. Das chirurgische Trackingsystem von Anspruch 2, wobei die besagte Organdetektionsfunktion dazu angepasst ist,
Organe in der besagten chirurgischen Umgebung zu detektieren und Anweisungen an das besagten Trackingun-
tersystem auszugeben, um das besagte Manövriersystem anzuweisen, das besagte Endoskop auf den besagten
detektierten Organen zu führen.

6. Das chirurgische Trackingsystem von Anspruch 2, wobei die besagte rechtes-Werkzeug-Funktion dazu angepasst
ist, ein chirurgisches Werkzeug zu detektieren, das rechts des besagten Endoskops positioniert ist, und Anweisungen
an das besagte Trackinguntersystem auszugeben, um das besagte Manövriersystem anzuweisen, das besagte
Endoskop fortwährend auf dem besagten rechten Werkzeug zu führen und das besagte rechte Werkzeug nachzu-
verfolgen.

7. Das chirurgische Trackingsystem von Anspruch 2, wobei die besagte linkes-Werkzeug-Funktion dazu angepasst
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ist, ein chirurgisches Werkzeug zu detektieren, das links des besagten Endoskops positioniert ist, und Anweisungen
an das besagte Trackinguntersystem auszugeben, um das besagte Manövriersystem anzuweisen, das besagte
Endoskop fortwährend auf dem besagten linken Werkzeug zu führen und das besagte linke Werkzeug nachzuver-
folgen.

8. Das chirurgische Trackingsystem von Anspruch 2, wobei die besagte Bedienereingabefunktion eine kommunikabele
Datenbank umfasst, wobei die besagte kommunikabele Datenbank dazu angepasst ist, eine Eingabe von dem
besagten Bediener des besagten Systems zu empfangen; besagte Eingabe umfasst n 3D-räumliche Positionen; n
ist eine ganze Zahl größer als oder gleich 2; und um Anweisungen an das besagte Trackinguntersystem auszugeben,
um das besagte Manövriersystem anzuweisen, das besagte Endoskop zu der besagten zumindest einen empfan-
genen 3D-räumlichen Position zu führen.

9. Das chirurgische Trackingsystem von Anspruch 2, wobei die besagte Nähefunktion dazu angepasst ist, einen
vorbestimmten Abstand zwischen zumindest zwei chirurgischen Werkzeugen zu definieren; und um Anweisungen
an das besagte Trackinguntersystem auszugeben, um das besagte Manövriersystem anzuweisen, das besagte
Endoskop zu den besagten zwei chirurgischen Werkzeugen zu führen, wenn der Abstand zwischen den besagten
beiden chirurgischen Werkzeugen geringer ist als der besagte vorbestimmte Abstand.

10. Das chirurgische Trackingsystem von Anspruch 2, wobei die besagte Nähefunktion dazu angepasst ist, einen
vorbestimmten Winkel zwischen zumindest drei chirurgischen Werkzeugen zu definieren; und um Anweisungen an
das besagte Trackinguntersystem auszugeben, um das besagte Manövriersystem anzuweisen, das besagte En-
doskop zu den besagten drei chirurgischen Werkzeugen zu führen, wenn der Winkel zwischen den besagten beiden
chirurgischen Werkzeugen geringer ist oder größer ist als der besagte vorbestimmte Winkel.

11. Das chirurgische Trackingsystem von Anspruch 2, wobei die besagte bevorzugte-Volumenzone-Funktion eine kom-
munikabele Datenbank umfasst umfassend n 3D-räumliche Positionen; n ist eine ganze Zahl größer als oder gleich
2; besagte n 3D-räumliche Positionen stellen die besagte bevorzugte-Volumenzone bereit; die besagte bevorzugte-
Volumenzone-Funktion ist dazu angepasst, Anweisungen an das besagte Trackinguntersystem auszugeben, um
das besagte Manövriersystem anzuweisen, das besagte Endoskop zu der besagten bevorzugte-Volumenzone zu
führen.

12. Das chirurgische Trackingsystem von Anspruch 2, wobei die besagte bevorzugtes-Werkzeug-Funktion eine kom-
munikabele Datenbank umfasst, wobei die besagte Datenbank ein bevorzugtes Werkzeug speichert; besagte be-
vorzugtes-Werkzeug-Funktion ist angepasst, Anweisungen an das besagte Trackinguntersystem auszugeben, um
das besagte Manövriersystem anzuweisen, das besagte Endoskop fortwährend zu dem besagten bevorzugten
Werkzeug zu führen, sodass das besagte Endoskop fortwährend das besagte bevorzugte Werkzeug nachverfolgt.

13. Das chirurgische Trackingsystem von Anspruch 2, wobei die besagte Kollisionsverhinderungsfunktion dazu ange-
passt ist, einen vorbestimmten Abstand zwischen dem besagten zumindest einen chirurgischen Werkzeug und
einem anatomischen Element innerhalb der besagten chirurgischen Umgebung zu definieren; und um Anweisungen
an das besagte Trackinguntersystem auszugeben, um das besagte Manövriersystem anzuweisen, das besagte
Endoskop zu dem besagten chirurgischen Werkzeug und dem besagten anatomischen Element innerhalb der
besagten chirurgischen Umgebung zu führen, wenn der Abstand zwischen dem besagten zumindest einen chirur-
gischen Werkzeug und einem anatomischen Element geringer ist als der besagte vorbestimmte Abstand.

14. Das chirurgische Trackingsystem von Anspruch 2, wobei die besagte Gesichtsfeldfunktion eine kommunikabele
Datenbank umfasst umfassend n 3D-räumliche Positionen; n ist eine ganze Zahl größer als oder gleich 2; die
Kombination von allen der besagten n 3D-räumlichen Positionen stellt ein vorbestimmtes Gesichtsfeld bereit; die
besagte Gesichtsfeldfunktion ist dazu angepasst, Anweisungen an das besagte Trackinguntersystem auszugeben,
um das besagte Manövriersystem anzuweisen, das besagte Endoskop zu zumindest einer 3D-räumlichen Position
im Wesentlichen innerhalb der besagten n 3D-räumlichen Positionen zu führen, um so ein konstantes Gesichtsfeld
aufrechtzuerhalten.

15. Das chirurgische Trackingsystem von Anspruch 2, wobei die besagte gesperrte-Zone-Funktion eine kommunikabele
Datenbank umfasst umfassend n 3D-räumliche Positionen; n ist eine ganze Zahl größer als oder gleich 2; die
besagten n 3D-räumlichen Positionen definieren ein vorbestimmtes Volumen innerhalb der besagten chirurgischen
Umgebung; die besagte gesperrte-Zone-Funktion ist dazu angepasst, Anweisungen an das besagte Trackingun-
tersystem auszugeben, um das besagte Manövriersystem anzuweisen, das besagte Endoskop zu zumindest einer
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3D-räumlichen Position im Wesentlichen verschieden von allen den besagten n 3D-räumlichen Positionen zu führen.

16. Das chirurgische Trackingsystem von Anspruch 2, wobei die besagte am-Meisten-verwendetes-Werkzeug-Funktion
eine kommunikabele Datenbank umfasst, die das Maß der Bewegung von jedem chirurgischen Werkzeug, das sich
innerhalb der besagten chirurgischen Umgebung befindet, zählt, wobei die besagte am-Meisten-verwendetes-Werk-
zeug-Funktion dazu angepasst ist, Anweisungen an das besagte Trackinguntersystem auszugeben, um das besagte
Manövriersystem anzuweisen, das besagte Endoskop zu führen, um fortwährend das besagte Endoskop zu posi-
tionieren, um die Bewegung des am Meisten bewegten chirurgischen Werkzeugs nachzuverfolgen.

17. Das chirurgische Trackingsystem von Anspruch 2, wobei die besagte Vorhersagefunktion eine kommunikabele
Datenbank umfasst, die jede 3D-räumliche Position von jedem chirurgischen Werkzeug innerhalb der besagten
chirurgischen Umgebung speichert, sodass jede Bewegung von jedem chirurgischen Werkzeug gespeichert ist; die
besagte Vorhersagefunktion ist dazu angepasst, um (a) die zukünftigen 3D-räumlichen Positionen von jedem der
besagten chirurgischen Werkzeuge vorherzusagen und um (b) Anweisungen an das besagte Trackinguntersystem
auszugeben, um das besagte Manövriersystem anzuweisen, das besagte Endoskop zu der besagten zukünftigen
3D-räumlichen Position führen.

18. Das chirurgische Trackingsystem von Anspruch 2, wobei die besagte zurückliegende-statistische-Analyse-Funktion
eine kommunikabele Datenbank umfasst, die jede 3D-räumliche Position von jedem chirurgischen Werkzeug in-
nerhalb der besagten chirurgischen Umgebung speichert, sodass jede Bewegung von jedem chirurgischen Werk-
zeug gespeichert ist; wobei die besagte zurückliegende-statistische-Analyse-Funktion dazu angepasst ist, um (a)
die besagten 3D-räumlichen Positionen von jedem der besagten chirurgischen Werkzeuge statistisch zu analysieren
und um (b) die zukünftige 3D-räumliche Position von jedem der besagten chirurgischen Werkzeuge vorherzusagen;
und um (c) Anweisungen an das besagte Trackinguntersystem auszugeben, um das besagte Manövriersystem
anzuweisen, das besagte Endoskop zu der besagten zukünftigen 3D-räumlichen Position führen.

19. Das chirurgische Trackingsystem von Anspruch 2, wobei die besagte markiertes-Werkzeug-Funktion Mittel umfasst,
die dazu angepasst sind, zumindest ein chirurgisches Werkzeug innerhalb der besagten chirurgischen Umgebung
zu markieren und um Anweisungen an das besagte Trackinguntersystem auszugeben, um das besagte Manövrier-
system anzuweisen, das besagte Endoskop fortwährend zu dem besagten markierten chirurgischen Werkzeug zu
führen.

20. Das chirurgische Trackingsystem von Anspruch 1, wobei zumindest eines des Folgenden gilt: (a) die besagte
Bildverarbeitung wird erhalten durch zumindest einen Algorithmus ausgewählt aus einer Gruppe bestehend aus:
Bildstabilisierungsalgorithmus, Bildverbesserungsalgorithmus, Bildkompilierungsalgorithmus, Bildaufwertungsal-
gorithmus, Bilddetektionsalgorithmus, Bildklassifizierungsalgorithmus, Bildkorrelation mit dem Herzzyklus oder dem
Atmungszyklus des besagten menschlichen Körpers, Rauch- oder Dunst-, Dampfreduktion von dem besagten En-
doskop und jeder Kombination davon; (b) das besagte Endoskop weist eine Bilderlangungsvorrichtung auf ausge-
wählt aus einer Gruppe bestehend aus: einer Kamera, einer Videokamera, einem elektromagnetischen Sensor,
einer Computertomographiebildgebungsvorrichtung; eine fluoroskopischen Bildgebungsvorrichtung, einer Ultra-
schallbildgebungsvorrichtung und jeder Kombination davon; (c) das chirurgische Trackingsystem weist weiter eine
Anzeige auf, die dazu angepasst ist, eine Eingabe oder Ausgabe an den besagten Bediener hinsichtlich des Betriebs
des besagten Systems bereitzustellen; wobei die besagte Anzeige verwendet wird zur Visualisierung der besagten
Region von Interesse durch den besagten Bediener, und weiter wobei die besagte Anzeige dazu angepasst ist, die
besagten erlangten Echtzeitbilder einer chirurgischen Umgebung mit erweiterten Realitätselementen auszugeben;
(d) der besagte Bildverarbeitungsalgorithmus ist dazu angepasst, eine 2D- oder 3D-Darstellung zu analysieren, die
von den besagten Echtzeitbildern der chirurgischen Umgebung gerendert wurde; (e) der besagte Datenprozessor
ist weiter dazu angepasst, einen Mustererkennungsalgorithmus ablaufen zu lassen, um den Betrieb der besagten
Anweisungsfunktionen gi(t) zu unterstützen; (f) das besagte chirurgische Trackingsystem umfasst zusätzlich zu-
mindest ein Ortsabschätzmittel zum Lokalisieren der Position von zumindest einem chirurgischen Werkzeug in der
besagten chirurgischen Umgebung; und jedwede Kombination davon.

21. Das chirurgische Trackingsystem von Anspruch 20, wobei die besagten zumindest ein Ortsabschätzmittel ein
Schnittstellenuntersystem zwischen einem Chirurgen und dem zumindest einen chirurgischen Werkzeug ist, wobei
das Schnittstellenuntersystem umfasst:

a. zumindest ein Feld umfassend N regelmäßige oder musterartige Lichtquellen, wobei N eine positive ganze
Zahl ist;
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b. zumindest ein Feld umfassend M Kameras, jede der M Kameras, wobei M eine positive ganze Zahl ist;
c. optional optische Markierungen und Mittel zum Befestigen der optischen Markierungen an zumindest einem
chirurgischen Werkzeug; und
d. einen computergestützten Algorithmus, der über den Controller betreibbar ist, wobei der computergestützte
Algorithmus dazu angepasst ist, Bilder aufzuzeichnen, die von jeder Kamera von jeder der M Kameras emp-
fangen wurden, und daraus die Position von jedem der Werkzeuge zu berechnen, und weiter angepasst, um
automatisch die Ergebnisse der Berechnung dem menschlichen Bediener der Schnittstelle bereitzustellen.

Revendications

1. Système chirurgical de localisation destiné à assister un opérateur lorsque ce dernier pratique une chirurgie lapa-
roscopique d’un corps humain, ledit système chirurgical de localisation comprenant :

a. au moins un endoscope (21) conçu pour acquérir des images en temps réel d’un environnement chirurgical
au sein dudit corps humain ;
b. un sous-système de manipulation (19) conçu pour commander la position dans l’espace dudit endoscope
(21) au cours de ladite chirurgie laparoscopique ; et
c. un sous-système de localisation mis en communication avec ledit sous-système de manipulation conçu pour
commander le système de manipulation de façon à orienter et à modifier la position dans l’espace dudit endos-
cope (21) par rapport à une zone d’intérêt ;

dans lequel ledit sous-système de localisation comprend un dispositif de traitement de données, ledit dispositif de
traitement de données est conçu pour mettre en œuvre un traitement d’images en temps réel dudit environnement
chirurgical et pour donner ordre audit sous-système de manipulation (19) de modifier la position dans l’espace dudit
endoscope (21) en fonction de l’entrée reçue à partir d’une fonction de manipulation f(t) ; ladite fonction de mani-
pulation f(t) est conçue : (a) pour recevoir une entrée qui émane d’au moins deux fonctions d’instructions gi(t), où i
est égal à 1,..., n et n ≥ 2, où t représente le temps ; i et n représentent des entiers ; et (b) pour envoyer des
instructions audit sous-système de manipulation (19) en se basant sur ladite entrée qui émane desdites au moins
deux fonctions d’instruction gi(t), de manière à positionner dans l’espace ledit endoscope (21) par rapport à ladite
zone d’intérêt ; dans lequel chacune desdites fonctions d’instructions gi(t) comprend une fonction αi(t), où i représente
un entier supérieur ou égal à 1 ; où αi(t) représente des fonctions de pondération de chaque gi(t), et un n représente
le nombre total de fonctions d’instructions ; dans lequel en outre lesdites fonctions de pondération αi(t) représentent
des fonctions qui varient au cours du temps, dont la valeur est déterminée par lesdits opérateurs.

2. Système chirurgical de localisation selon la revendication 1, dans lequel chacune desdites fonctions d’instructions
gi(t) est choisie parmi un groupe constitué par : une fonction d’instrument le plus souvent utilisé, une fonction
d’instrument droit, une fonction d’instrument gauche, une fonction de champ de vision, une fonction de zone de
volume préférée, une fonction d’instrument préféré, une fonction de zone d’exclusion, une fonction de détection
d’instrument, une fonction de détection de mouvement, une fonction de détection d’organe, une fonction de détection
de collision, une fonction d’entrée d’opérateur, une fonction de prédiction, une fonction d’analyse statistique du
passé, une fonction de proximité, une fonction d’instrument marqué, ainsi que l’une quelconque de leurs combinai-
sons.

3. Système chirurgical de localisation selon la revendication 2, dans lequel ladite fonction de détection d’instrument
est conçue pour détecter des instruments chirurgicaux dans ledit environnement chirurgical et pour envoyer des
instructions audit sous-système de localisation dans le but de donner ordre audit système de manipulation d’orienter
ledit endoscope sur lesdits instruments chirurgicaux détectés.

4. Système chirurgical de localisation selon la revendication 2, dans lequel ladite fonction de détection de mouvement
comprend une base de données qui peut être communiquée comprenant les positions dans l’espace en 3D en
temps réel de chacun desdits instruments chirurgicaux dans ledit environnement chirurgical ; et est conçue pour
détecter un mouvement dudit au moins un instrument chirurgical lorsque qu’un changement concernant lesdites
positions dans l’espace en 3D a été reçu et pour envoyer des instructions audit sous-système de localisation dans
le but de donner ordre audit système de manipulation d’orienter ledit endoscope sur ledit instrument chirurgical qui
a bougé.

5. Système chirurgical de localisation selon la revendication 2, dans lequel ladite fonction de détection d’organe est
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conçue pour détecter des organes dans ledit environnement chirurgical et pour envoyer des instructions audit sous-
système de localisation dans le but de donner ordre audit système de manipulation d’orienter ledit endoscope sur
lesdits organes détectés.

6. Système chirurgical de localisation selon la revendication 2, dans lequel ladite fonction d’instrument droit est conçue
pour détecter un instrument chirurgical situé à droite dudit endoscope et pour envoyer des instructions audit sous-
système de localisation dans le but de donner ordre audit système de manipulation d’orienter de manière constante
ledit endoscope sur ledit instrument droit et de localiser ledit instrument droit.

7. Système chirurgical de localisation selon la revendication 2, dans lequel ladite fonction d’instrument gauche est
conçue pour détecter un instrument chirurgical situé à gauche dudit endoscope et pour envoyer des instructions
audit sous-système de localisation dans le but de donner ordre audit système de manipulation d’orienter de manière
constante ledit endoscope sur ledit instrument gauche et de localiser ledit instrument gauche.

8. Système chirurgical de localisation selon la revendication 2, dans lequel ladite fonction d’entrée d’opérateur com-
prend une base de données qui peut être communiquée ; ladite base de données qui peut être communiquée est
conçue pour recevoir une entrée qui émane dudit opérateur dudit système ; ladite entrée comprenant n positions
dans l’espace en 3D ; n représente un entier supérieur ou égal à 2 ; et pour envoyer des instructions audit sous-
système de localisation dans le but de donner ordre audit système de manipulation d’orienter ledit endoscope sur
ladite au moins une position dans l’espace en 3D reçue.

9. Système chirurgical de localisation selon la revendication 2, dans lequel ladite fonction de proximité est conçue
pour définir une distance prédéterminée entre au moins deux instruments chirurgicaux ; et pour envoyer des ins-
tructions audit sous-système de localisation dans le but de donner ordre audit système de manipulation d’orienter
ledit endoscope sur lesdits deux instruments chirurgicaux lorsque la distance entre lesdits deux instruments chirur-
gicaux est inférieure à ladite distance prédéterminée.

10. Système chirurgical de localisation selon la revendication 2, dans lequel ladite fonction de proximité est conçue
pour définir un angle prédéterminé formé entre au moins trois instruments chirurgicaux ; et pour envoyer des ins-
tructions audit sous-système de localisation dans le but de donner ordre audit système de manipulation d’orienter
ledit endoscope sur lesdits trois instruments chirurgicaux lorsque l’angle formé entre lesdits deux instruments chi-
rurgicaux est inférieur ou supérieur audit angle prédéterminé.

11. Système chirurgical de localisation selon la revendication 2, dans lequel ladite fonction de zone de volume préféré
comprend une base de données qui peut être communiquée comprenant n positions dans l’espace en 3D ; n
représente un entier supérieur ou égal à 2 ; lesdites n positions dans l’espace en 3D procurent ladite zone de volume
préféré ; ladite fonction de zone de volume préféré est conçue pour envoyer des instructions audit sous-système
de localisation dans le but de donner ordre audit système de manipulation d’orienter ledit endoscope sur ladite zone
de volume préféré.

12. Système chirurgical de localisation selon la revendication 2, dans lequel ladite fonction d’instrument préféré com-
prend une base de données qui peut être communiquée, un instrument préféré étant stocké dans ladite base de
données ; ladite fonction d’instrument préféré est conçue pour envoyer des instructions audit sous-système de
localisation dans le but de donner ordre audit système de manipulation d’orienter de manière constante ledit en-
doscope sur ledit instrument préféré, d’une manière telle que ledit endoscope localise de manière constante ledit
instrument préféré.

13. Système chirurgical de localisation selon la revendication 2, dans lequel ladite fonction de prévention d’une collision
est conçue pour définir une distance prédéterminée entre ledit au moins un instrument chirurgical et un élément
anatomique au sein dudit environnement chirurgical ; et pour envoyer des instructions audit sous-système de loca-
lisation dans le but de donner ordre audit système de manipulation d’orienter ledit endoscope sur ledit instrument
chirurgical et sur ledit élément anatomique au sein dudit environnement chirurgical lorsque la distance entre ledit
au moins un instrument chirurgical et un élément anatomique est inférieure à ladite distance prédéterminée ; dans
lequel ledit élément anatomique est choisi parmi un groupe constitué par un tissu, un organe, un autre instrument
chirurgical ainsi que l’une quelconque de leurs combinaisons.

14. Système chirurgical de localisation selon la revendication 2, dans lequel ladite fonction de champ de vision comprend
une base de données qui peut être communiquée comprenant n positions dans l’espace en 3D ; n représente un
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entier supérieur ou égal à 2 ; la combinaison de toutes lesdites n positions dans l’espace en 3D procure un champ
de vision prédéterminé ; ladite fonction de champ de vision est conçue pour envoyer des instructions audit sous-
système de localisation dans le but de donner ordre audit système de manipulation d’orienter ledit endoscope sur
au moins une position dans l’espace en 3D essentiellement au sein desdites n positions dans l’espace en 3D de
façon à maintenir un champ de vision constant.

15. Système chirurgical de localisation selon la revendication 2, dans lequel ladite fonction de zone d’exclusion comprend
une base de données qui peut être communiquée comprenant n positions dans l’espace en 3D ; n représente un
entier supérieur ou égal à 2 ; lesdites n positions dans l’espace en 3D définissent un volume prédéterminé au sein
dudit environnement chirurgical ; ladite fonction de zone d’exclusion est conçue pour envoyer des instructions audit
sous-système de localisation dans le but de donner ordre audit système de manipulation d’orienter ledit endoscope
sur au moins une position dans l’espace en 3D essentiellement différente de toutes lesdites n positions dans l’espace
en 3D.

16. Système chirurgical de localisation selon la revendication 2, dans lequel ladite fonction de l’instrument le plus souvent
utilisé comprend une base de données qui peut être communiquée, qui comptabilise l’ampleur des mouvements
de chaque instrument chirurgical localisé au sein dudit environnement chirurgical ; ladite fonction de l’instrument le
plus souvent utilisé est conçue pour envoyer des instructions audit sous-système de localisation dans le but de
donner ordre audit système de manipulation d’orienter ledit endoscope de façon à positionner de manière constante
ledit endoscope afin de localiser le mouvement de l’instrument chirurgical qui a le plus bougé.

17. Système chirurgical de localisation selon la revendication 2, dans lequel ladite fonction de prédiction comprend une
base de données qui peut être communiquée dans laquelle est stockée chaque position dans l’espace en 3D de
chaque instrument chirurgical au sein dudit environnement chirurgical, d’une manière telle que chaque mouvement
de chaque instrument chirurgical est enregistré ; ladite fonction de prédiction est conçue : (a) pour prédire la position
future dans l’espace en 3D de chacun desdits instruments chirurgicaux ; et (b) pour envoyer des instructions audit
sous-système de localisation dans le but de donner ordre audit système de manipulation d’orienter ledit endoscope
sur ladite position future dans l’espace en 3D.

18. Système chirurgical de localisation selon la revendication 2, dans lequel ladite fonction d’analyse statistique du
passé comprend une base de données qui peut être communiquée dans laquelle est stockée chaque position dans
l’espace en 3D de chaque instrument chirurgical au sein dudit environnement chirurgical, d’une manière telle que
chaque mouvement de chaque instrument chirurgical est enregistré ; ladite fonction d’analyse statistique du passé
est conçue : (a) pour soumettre à une analyse statistique lesdites positions dans l’espace en 3D de chacun desdits
instruments chirurgicaux ; et (b) pour prédire la position future dans l’espace en 3D de chacun desdits instruments
chirurgicaux ; et (c) pour envoyer des instructions audit sous-système de localisation dans le but de donner ordre
audit système de manipulation d’orienter ledit endoscope sur ladite position future dans l’espace en 3D.

19. Système chirurgical de localisation selon la revendication 2, dans lequel ladite fonction d’instrument marqué com-
prend un moyen conçu pour marquer au moins un instrument chirurgical au sein dudit environnement chirurgical
et pour envoyer des instructions audit sous-système de localisation dans le but de donner ordre audit système de
manipulation d’orienter de manière constante ledit endoscope sur ledit instrument chirurgical marqué ; en outre,
dans lequel ledit moyen est conçu pour marquer de manière constante ledit au moins un instrument chirurgical au
sein dudit environnement chirurgical.

20. Système chirurgical de localisation selon la revendication 1, dans lequel au moins une des affirmations suivantes
est considérée comme vraie : (a) ledit traitement d’images est obtenu par l’intermédiaire d’au moins un algorithme
choisi parmi un groupe constitué par : un algorithme de stabilisation d’image, un algorithme d’amélioration d’image,
un algorithme de compilation d’images, un algorithme d’agrandissement d’image, un algorithme de détection d’ima-
ge, un algorithme de classification d’images, une mise en corrélation de l’image avec le cycle cardiaque ou le cycle
respiratoire dudit corps humain, une réduction de vapeur d’eau, de fumée ou de vapeur, à partir dudit endoscope,
ainsi que l’une quelconque de leurs combinaisons ; (b) ledit endoscope comprend un dispositif d’acquisition d’images
choisi parmi un groupe constitué par : une caméra, une caméra vidéo, un capteur électromagnétique, un dispositif
de formation d’images par tomodensitométrie, un dispositif de formation d’images de type fluoroscopique, un dis-
positif de formation d’images par ultrasons, ainsi que l’une quelconque de leurs combinaisons ; (c) ledit système
chirurgical de localisation comprend en outre un affichage conçu pour procurer une entrée ou une sortie pour ledit
opérateur en ce qui concerne le fonctionnement dudit système ; ledit affichage est utilisé pour visualiser ladite zone
d’intérêt par ledit opérateur, et en outre ledit affichage est conçu pour transmettre lesdites images acquises en
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temps réel d’un environnement chirurgical avec des éléments de réalité augmentée ; (d) ledit algorithme de traitement
d’images est conçu pour analyser une représentation en 2D ou en 3D rendue à partir desdites images en temps
réel de l’environnement chirurgical ; (e) ledit dispositif de traitement de données est en outre conçu pour mettre en
œuvre un algorithme de reconnaissance de modèle destiné à assister la mise en œuvre desdites fonctions d’ins-
tructions gi(t) ; (f) ledit système chirurgical de localisation comprend en outre au moins un moyen d’estimation de
localisation pour localiser la position d’au moins un instrument chirurgical dans ledit environnement chirurgical ;
ainsi que l’une quelconque de leurs combinaisons.

21. Système chirurgical de localisation selon la revendication 20, dans lequel ledit au moins un moyen d’estimation de
localisation représente un sous-système faisant office d’interface entre un chirurgien et ledit au moins un instrument
chirurgical, le sous-système faisant office d’interface comprenant :

a. au moins un réseau comprenant N sources de lumière régulières ou faisant office de modèle, où N représente
un entier positif ;
b. au moins un réseau comprenant M caméras, chacune des M caméras, où M représente un entier positif ;
c. des marqueurs optique facultatifs et des moyens destinés à fixer le marqueur optique audit au moins un
instrument chirurgical ; et
d. un algorithme informatisé qui peut être exécuté par l’intermédiaire du dispositif de commande, l’algorithme
informatisé étant conçu pour enregistrer des images reçues par chaque caméra faisant partie des M caméras
et pour calculer à partir de là la position de chacun des instruments ; et étant conçu en outre pour fournir de
manière automatique les résultats du calcul à l’opérateur humain de l’interface.
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