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Description
FIELD OF THE INVENTION

[0001] The presentinvention 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] Patent document EP 2 208 463 A1 discloses a system that enables identification and tracking of a surgical
instrument.

[0008] Hence, there is still a long felt need for a improving the interface between the surgeon and an endoscope
system, surgical colleagues or human assistants for laparoscopic surgery.

SUMMARY OF THE INVENTION
[0009] The invention is defined by the claims.
BRIEF DESCRIPTION OF THE FIGURES

[0010] 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.
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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

[0011] 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 orillustrated in the drawings. The invention is applicable to other embodiments or of being practiced or carried
outin various ways. Also, it is to be understood that the phraseology and terminology employed herein is for the purpose
of description and should not be regarded as limiting.

[0012] The term ’toggle’ refers hereinafter to switching between one tagged surgical tool to another.

[0013] 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.

[0014] Theterm’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.

[0015] 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.

[0016] The term ’spatial position’ refers hereinafter to a predetermined spatial location and/or orientation of an object
(e.g., the spatial location of the endoscope, the angular orientation of the endoscope, and any combination thereof).
[0017] 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.

[0018] Theterm ’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.

[0019] 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.

[0020] 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.

[0021] 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.

[0022] 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.

[0023] The term ’ALLOWED movement’ refers hereinafter to any movement of a surgical tool which is permitted
according to a predetermined set of rules.

[0024] 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 presentinvention, 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 endoscope) is a movement which maintains the surgical tool within the
favored zone; and a RESTRICTED movement of a surgical tool is a movement which extracts (or moves) the surgical



10

15

20

25

30

35

40

45

50

55

EP 2 744 419 B1

tool (or endoscope) outside the favored zone.

[0025] 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.

[0026] 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.

[0027] 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.

[0028] 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.

[0029] 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.

[0030] According to different embodiments of the present invention, 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 {;and at time {,, where t; >t ; 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 ;s different than said 3D
spatial position of said at least one surgical tool at time t,,; and,

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;

[0031] Itis within the scope of the present invention that the database is adapted to store a predetermined set of rules
according to which ALLOWED and RESTRICTED 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.

[0032] Thus, the present invention stores the 3D spatial position of each of said surgical tools at a current at time ¢;
and at time t; where ;> {,. If the 3D spatial position of said at least one surgical tool at time ; /s 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.

[0033] According to one embodiment of the present invention, the system prevents said movement, if said movement
is a RESTRICTED movement. Said movement prevention is obtained by controlling a maneuvering system which pre-
vents the movement of said surgical tool.

[0034] According to one embodiment of the present invention, the system does not prevent said movement, (if said
movement is a RESTRICTED movement), but merely signals/alerts the user (i.e., the physician) of said RESTRICTED
movement.

[0035] According to another embodiment of the present invention, said surgical tool is an endoscope.

[0036] According to different embodiments of the present invention, the controller may provide a suggestion to the
operator as to which direction the surgical tool has to move to or may be moved to.
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[0037] Thus, according to a preferred embodiment of the present invention, the present invention provides a prede-
termined 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.

[0038] According to some embodiments the system of the present invention 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.

[0039] 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.

[0040] 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).

[0041] 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.

[0042] Thus, according to a preferred embodiment of the presentinvention, 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.

[0043] 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.

[0044] According to one embodiment of the present invention, 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.

[0045] The predetermined set of rules which are the essence of the present invention are adapted to take into con-
sideration all the possible factors which may be important during the surgical procedure. The predetermined set of rules
may comprise the following rules or any combination thereof:

a. a route rule;

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. aleft tool rule;

k. a field of view rule;

I. a no fly zone rule;
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m. an operator input rule;
n. a preferred volume zone rule;
0. a preferred tool rule;
p. a movement detection rule,

[0046] 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.

[0047] 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.

[0048] The identification is provided by conventional means known to any skilled in the art (e.g., image processing,
optical means etc.).

[0049] 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.

[0050] Inotherwords, 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.
[0051] Accordingto 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
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.

[0052] 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.

[0053] 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.

[0054] 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.

[0055] 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
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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.

[0056] 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.

[0057] According to other embodiments, the operator input rule can convert an ALLOWED movementtoa RESTRICT-
ED movement and a RESTRICTED movement to an ALLOWED movement.

[0058] 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

[0059] 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;

(9) 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.

[0060] 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.

[0061] 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
is larger than the predetermined distance, and the RESTRICTED movements are movements which is in a range that
is smaller than the predetermined distance.

[0062] According to another embodiment, the anatomical element is selected from a group consisting of tissue, organ,
another surgical tool or any combination thereof.

[0063] According to some embodiments, the surgical tool is an endoscope. The endoscope is adapted to provide real-
time images of the surgical environment.

[0064] 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.

[0065] 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
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of view is moved to a location substantially different from the location of the left tool.

[0066] 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.

[0067] 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 spacial 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.

[0068] According to another embodiment, the preferred volume zone rule comprises a communicable database com-
prising n 3D spatial positions; nis 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 movement, according to the preferred volume zone rule, is a movement in which the endoscope (or any
surgical tool) is moved to a location outside the defined preferred volume.

[0069] According to another embodiment, the preferred tool rule comprises a communicable database, the database
stores a preferred tool; the preferred tool rule is adapted to determine the ALLOWED movement of the endoscope
according to the movement of the preferred tool. In other words, the preferred tool rule defines a preferred tool (i.e., a
tool of interest) that the user of the system wishes to track. An allowed movement, according to the preferred tool rule,
is a movement in which the endoscope is moved to a location substantially the same as the location of the preferred
tool. A RESTRICTED movement is a movement in which the 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.
[0070] 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.
[0071] 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.
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[0072] 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.

[0073] According to another embodiment, an ALLOWED movement is one permitted by the controller and a RE-
STRICTED movement is one denied by the controller.

[0074] 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.

[0075] 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.

[0076] 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.

[0077] 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.

[0078] Accordingtothisembodiment,the usercandefine, e.g., the structure of the surgicaltool 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.

[0079] According to another embodiment of the present invention, the movement detection rule comprises a commu-
nicable database comprising 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.

[0080] According to another embodiment of the present invention, the system further comprises a maneuvering sub-
system 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.

[0081] According to some embodiments, the atleast one location estimating means is atleast 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.

[0082] 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.

[0083] Accordingtoanotherembodiment, the atleast 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.
[0084] 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
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importance and deciding to which spatial position the endoscope should be relocated.

[0085] 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.

[0086] 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.

[0087] 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.

[0088] The maneuvering function f(t) receives, as input, output from at least two instructing functions g(t), analyses
their output and provides instruction to the "smart" tracking system (which eventually re-directs the endoscope).
[0089] According to some embodiments, each instructing function g,t) is also given a weighting function, at).
[0090] The instructing functions gt) 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 g(t) may be selected from
a group consisting of:

a. a tool detection function g4(t);

b. a movement detection function g,(t);

c. an organ detection function g5(t);

d. a collision detection function g 4(t);

e. an operator input function gs(t);

f. a prediction function gg(t);

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

h. a most used tool function gg(t);

i. a right tool function gg(t);

j- a left tool function gy,(t);

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

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

m. a no fly zone function g45(t);

n. a proximity function g, ,(t);

0. a tagged tool function g,5(t);

p. a preferred tool function g4(t).
[0091] Thus, for example, the maneuvering function f(t) receives input from two instructing functions: the collision
detection function g,(t) (the function providing information whether the distance between two elements is smaller than
a predetermined distance) and from the most used tool function gg(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
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to an organ in the surgical environment. The output given from the most used tool function gg(t) is that the tool identified
statistically as the most moved tool is currently moving.

[0092] The maneuvering function f(t) then assigns each of the instructing functions with weighting functions a{t). For
example, the most used tool function gg(t) is assigned with a greater weight than the weight assigned to the collision
detection function g 4(t).

[0093] After the maneuvering function f(t) analyses the information received from the instructing functions g,t) and
the weighting functions o/(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).

[0094] 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.

[0095] The identification is provided by conventional means known to any skilled in the art (e.g., image processing,
optical means etc.).

[0096] 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. amaneuvering 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.

[0097] 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 g{t), where iis 1,....nand n> 2
and where tis 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 g(t), so as to spatially position the endoscope to the region of interest.
[0098] According to one embodiment, the tool detection function g,(t) is adapted to detect tools in the surgical envi-
ronment. According to this embodiment, the tool detection function is adapted to detect surgical tools in the surgical
environment and to output instructions to the tracking subsystem to instruct the maneuvering subsystem to direct the
endoscope to the detected surgical tools.

[0099] According to some embodiments, the functions g{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).
[0100] According to a preferred embodiment, one function g,(t) is adapted to detect tools in the surgical environment
and inform the maneuvering function f(t) if they are in preferred areas or in prohibited areas.

[0101] According to some embodiments, the movement detection function g,(t) comprises a communicable database
comprising the real-time 3D spatial positions of each of the surgical tools in the surgical environment; means to detect
movement of the at least one surgical tool when a change in the 3D spatial positions is received, and means to output
instructions to the tracking subsystem to instruct the maneuvering subsystem to direct the endoscope to the moved
surgical tool.

[0102] According to some embodiments, the organ detection function g5(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 g5(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.
[0103] 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.

[0104] 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
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function g,(t) will detect and classify different areas (e.g., nerves, veins, walls of organs) as prohibited areas. Thus,
according to this embodiment, the collision prevention 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 atleast one surgical tool and an anatomical
element is less than the predetermined distance. According to one embodiment of the present invention the anatomical
element is selected from a group consisting of tissue, organ, another surgical tool and any combination thereof.
[0105] According to some embodiments, the operator input function gx(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 g4(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).

[0106] According to some embodiments, the operator input function gs(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.

[0107] According to some embodiments, the prediction function gg(t) is adapted to provide data regarding a surgical
environment at a time f; > to, wherein t, is the present time and {; is a future time. The prediction function gg(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 g(t) for the prediction of expected or unexpected events
or expected or unexpected objects during the operation. Thus, according to this embodiment, the prediction function
ge(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.

[0108] According to some embodiments, the past statistical analysis function g,(t) is adapted to provide data regarding
the surgical environment or the laparoscopic surgery based on past statistical data stored in a database. The data
regarding the surgical environment may be for example: data regarding prohibited areas, data regarding allowed areas,
data regarding the region of interest and any combination thereof. Thus, according to this embodiment, the past statistical
analysis function g4(t) comprises a communicable database storing each 3D spatial position of each of surgical tool
within the surgical environment, such that each movement of each surgical tool is stored; the past statistical analysis
function gg(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 g,(t), the past movements of each tool are analyzed and, according
to this analysis, a prediction of the tool’s next move is provided.

[0109] According to another embodiment, the most used tool function gg(t) comprises a communicable database
counting the amount of movement of each surgical tool located within the surgical environment; the most used tool
function is adapted to output instructions to the tracking 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.
[0110] According to some embodiments, the right tool function gg(t) is adapted to detect at least one surgical tool in
a specified position in relation to the endoscope, preferably positioned to right 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.

[0111] According to another embodiment, the left tool function g,,(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..

[0112] According to another embodiment, the field of view function g,4(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.
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[0113] According to another embodiment, the preferred volume zone function g;,(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 g4»(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.

[0114] According to another embodiment, the no fly zone function g,5(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 g,5(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.

[0115] According to some embodiments, the proximity function g,4(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.

[0116] According to another embodiment, the proximity function g4(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.

[0117] 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.

[0118] 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.

[0119] 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.

[0120] 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.

[0121] According to some embodiments, the prediction function gg(t) is adapted to provide data regarding a surgical
environment in a time t; > t, wherein t is the present time and {; is the future time. The prediction function gg(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 g(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.

[0122] According to some embodiments, the past statistical analysis function g,(t) is adapted to provide data regarding
the surgical environment or the laparoscopic surgery based on past statistical data stored in a database. The data
regarding the surgical environment may be for example: data regarding prohibited areas, data regarding allowed areas,
data regarding the region of interest. Thus, according to this embodiment, the past statistical analysis function comprises
a 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 g(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.

[0123] 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

13



10

15

20

25

30

35

40

45

50

55

EP 2 744 419 B1

the maneuvering system to constantly direct the endoscope to the preferred tool, such that said endoscope constantly
tracks said preferred tool.

[0124] 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.

[0125] According to some embodiments, the tagged tool function g,5(t) comprises means adapted to tag at least one
surgical tool within the surgical environment and to output instructions to the tracking subsystem to instruct the maneu-
vering subsystem to constantly direct the endoscope to the tagged surgical tool. Thus, according to the tagged tool
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.

[0126] According to some embodiments, the means are adapted to constantly tag the at least one of surgical tool
within the surgical environment.

[0127] According to some embodiments, the preferred tool function g,¢(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.

[0128] 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.

[0129] 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.

[0130] According to different embodiments of the present invention, the weighting functions a(t) are time-varying
functions (or constants), the value of which is determined by the operator or the output of the instructing functions gt).
For example, if a specific function g,(t) detected an important event or object, its weighting functions o.(t) may be adjusted
in order to elevate the chances that the maneuvering function f(t) will instruct the maneuvering subsystem to move the
endoscope towards this important event or object.

[0131] According to different embodiments of the present invention, the tracking subsystem may implement various
image processing algorithms which may also be algorithms that are well knownin the art. Theimage processing algorithms
may be for example: image stabilization algorithms, image improvement algorithms, image compilation algorithms, image
enhancement algorithms, 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.

[0132] 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.

[0133] 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.

[0134] 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.

[0135] 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 g,(t). The pattern recognition algorithm may be
used as part of the image processing algorithm.

[0136] 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.

[0137] The identification is provided by conventional means known to any skilled in the art (e.g., image processing,
optical means etc.).

[0138] The present invention further discloses 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
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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.

[0139] The present invention 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 asurgical environment within the human body; (i) 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 g{t), where iis 1,...,n
and n > 2; where tis 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 g(t), so as to spatially position the endoscope to the region of interest.
[0140] 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.

[0141] The identification is provided by conventional means known to any skilled in the art (e.g., image processing,
optical means etc.).

[0142] 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;

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.

[0143] 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.

[0144] 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.

[0145] 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.

[0146] The identification is provided by conventional means known to any skilled in the art (e.g., image processing,
optical means etc.).

[0147] 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.
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[0148] 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.

[0149] 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.

[0150] 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.
[0151] The present invention 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;

ii. 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.

[0152] 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.

[0153] 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.

[0154] 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.

[0155] 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.

[0156] Accordingto another embodiment, the system of the presentinvention additionally comprises animage process-
ing 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.

[0157] 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).

[0158] 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).

[0159] 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.

[0160] 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.

[0161] According to another embodiment, the most used tool function is adapted to define (either real-time, during the
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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.

[0162] The following figures provide examples of several of the above mentioned rules and functions.

[0163] 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 17¢ 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.

[0164] According to one embodiment of the present invention 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.

[0165] According to thisembodiment, 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.

[0166] 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 ofthe surgicalinstruments 17b and 17cthat will reduce the distance isa RESTRICTED movement.
[0167] Referenceis madenow toFig. 2, which schematically illustrates the operation of the present invention. According
to this figure, the system of the present invention comprises a display 30 in which the overall procedure is presented to
the operator. In this figure an endoscope is automatically spatially repositioned towards a region of interest 38.

[0168] 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 of the
present invention 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 of the present invention, the operator may define the region of interest
as the region in which a tip 35b of tool 37b is found.

[0169] 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).

[0170] 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.

[0171] According to another embodiment of the present invention, the button can be coupled to the desired tool to be
monitored, such that the endoscope will monitor the tool to which the button is coupled (and from which signal 12a is
emitted).

[0172] 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.

[0173] 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 of the
invention, a single wireless emission code is utilized and choice is achieved by a visible graphic representation on a
conventional viewing screen.

[0174] Inanother preferred embodiment, each instrumentis fitted with a unique code wireless transmitter, and selection
is achieved by depressing its button.

[0175] According to different embodiments, the tracking subsystem of the present invention 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.

[0176] For example, the system of the present invention may be used to allow an operator (e.g., a surgeon) to present
the surgical instrument to surgical colleagues and staff. By identifying the surgical instrument via the tracking subsystem,
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the endoscope directs the view to the predefined region of interest.

[0177] 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 atleast 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.

[0178] 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.

[0179] Additional features and advantages of the invention will become apparent from the following drawings and
description.

[0180] To improve the control of the endoscope, the system of the present invention comprises a maneuvering sub-
system. Many maneuvering 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".

[0181] Such maneuvering systems are utilized by the present invention so as to reposition the endoscope to the
desired location.

[0182] The presentinvention 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.

[0183] 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.

[0184] Fig 2a shows an example of using the system of the present invention in abdominal laparoscopic surgery.
[0185] Fig 2b shows an example of using the system of the present invention in knee endoscopic surgery.

[0186] Lastly, Fig 2c shows an example of using the system of the present invention in shoulder endoscopic surgery.

EXAMPLES

[0187] 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.

[0188] In the examples below, similar numbers refer to similar parts in all of the figures.

Example 1 - Tracking system with collision avoidance system

[0189] One embodiment of such a rule-based system will comprise the following set of commands:
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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:
Locations Gd1(t) and Gd2(t) are calculated in real time at each time step (from an image or location marker).

[0190] 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).

[0191] 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.

Tool Instructions Gt1 Weight function a;(t) =1 If Gt1(t) <a predetermined threshold and 0 otherwise

Tool Instructions Gt2 Weight function ax(t) = 1 If Gt2(t) > a predetermined threshold and 0 otherwise

Tool Instructions = a;(t) * Gtl + ax(t) * Gt2(1);

[0192] Inreference 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. 3¢ and 3d show how movement of the
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.

[0193] 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.

[0194] 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. Inyetother embodiments, the system warns the operator that move is RESTRICTED, but does not restrict movement
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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.

[0195] 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

[0196] 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:

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).

[0197] 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)

[0198] The proximity of the main tool to othertools - Gd4(t) - is calculated, for example, as the smallest of the differences
between the main tool location and the other tools’ locations.

[0199] Tool Instructions Gt1 Weight function a.4(t) is proportional to tool proximity function Gd4(t), the closer the tool
the slower the movement so that, for example

0.2(t) = Gd4 / maximum(Gd4)

or

02(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.

Tool Instructions = a;(t) * Gtl.

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

[0200] 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.

[0201] 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.

[0202] 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.

[0203] The no-fly zone rule/function performs as follows:
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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.
[0204] 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.

[0205] Figs.4cand4dillustrate 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.

[0206] 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

[0207] 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.

[0208] 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.

[0209] 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. 5¢ and 5d show how movement of the tool affects the behavior (i.e., the preferred volume zone rule/function).
[0210] 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.

[0211] 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 340is RESTRICTED. Such a warning/signaling can be visual or aural, using any of the methods known in the art.
[0212] Figs. 5¢c and 5d illustrate schematically the effect of the tool’s movement on operation of the preferred volume
rule/function. In Figs. 5¢c 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.

[0213] 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.

[0214] 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.

[0215] Accordingto one embodimentillustrated, 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

[0216] 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).

[0217] 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.

[0218] 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.

[0219] Insome embodiments, alabel ortagvisible to the operatoris 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
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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

[0220] 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.

[0221] Insome embodiments, alabel ortag visible to the operatoris 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

[0222] 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 + At, where At is a small time interval. In this
example, the left tool 820 has moved downward (towards the direction of liver 810) in the time interval At.

[0223] 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

[0224] Inreference to Fig. 9, which shows, in a non-limiting manner, an embodiment of the above discussed prediction
function.

[0225] Fig. 9a shows a left tool 920 and a right tool 930 at a time t.

[0226] Fig. 9b shows the same tools at a later time t + At, where At is a small time interval. Left tool 920 is moving to
the right and downward, while right tool 930 is moving to the left and upward. If the motion continues (shown by the
dashed line in Fig. 9c), then by the end of the next time interval, in other words, at some time between time t + At and
time t + 2At, the tools will collide, as shown by tool tips within the dotted circle 950 in Fig. 9c.

[0227] In this embodiment, the system automatically prevents predicted collisions and, in this example, the system
applies a motion 940 to redirect left tool 920s0 as to prevent the collision.

[0228] 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.
[0229] In other embodiments, the prediction function can be enabled to, for non-limiting example, alter the field of view
to follow the predicted movement of a tool or of an organ, to warn of (or prevent) predicted motion into a no-fly zone, to
warn of (or prevent) predicted motion out of a preferred zone.

Example 9 - Right Tool Function/rule

[0230] 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 spacial location is constantly and real-time stored in a database. Now,
according to the right tool function/rule the endoscope constantly tracks the right tool.

[0231] 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

[0232] In reference to Fig. 11, which shows, in a non-limiting manner, an embodiment of a field of view function/rule.
[0233] 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.

[0234] 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.
[0235] Fig. 11b shows the field of view at time t + At. The field of view has moved to the right so that the tip of left tool
1150 is still nearly at the center of the field of view. It can be seen that much less of gall bladder 1140 is visible, while
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more of right tool 1160 has entered the field of view.

[0236] 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.

[0237] 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.

[0238] 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.

[0239] 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.

[0240] 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)

[0241] In reference to Fig. 12, which shows, in a non-limiting manner, an embodiment of a tagged tool function/rule.
[0242] Fig. 12 shows three tools (1220, 1230 and 1240) in proximity to the organ of interest, in this example, the liver
1210.

[0243] 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 spacial location of tool 1240 is constantly stored in a database and this spacial location
has been labeled as one of interest.

[0244] 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.

[0245] 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

[0246] In reference to Fig. 13, which shows, in a non-limiting manner, an embodiment of a proximity function/rule.
[0247] 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.
[0248] Fig. 13b schematically illustrates two tools (1310 and 1320) separated by a distance 1330 which is less than
a predefined proximity distance.

[0249] 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).

[0250] 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.

Example 13 - Operator Input Function/rule

[0251] Inreference 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.

[0252] In the following example, the input received from the operator is which tool to track.

[0253] 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.
[0254] 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.

[0255] 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.

[0256] According to one embodiment of the presentinvention, 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.

[0257] 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
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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)

[0258] 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 controlling system (100), comprising:

a. at least one endoscope (21) 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 said real-time image of surgical
environment of a human body; each of said elements is characterized by predetermined characteristics;

c. image processing means in communication with said endoscope (21), adapted to image process said real-
time image and to provide real time updates of said predetermined characteristics;

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

wherein said system is adapted to notify if said updated characteristics are substantially different from said prede-
termined characteristics; wherein said predetermined characteristics are selected from a group consisting of color
of said element, 3D spatial location of said element, contours of said element, and any combination thereof, char-
acterized in that the system further comprises

at least one surgical tool (17b, 17c) adapted to be inserted into a surgical environment of a human body for assisting
a surgical procedure, and

(e) at least one location estimating means adapted to real-time estimate the 3D spatial position of said at least
one surgical tool (17b, 17c) at any given time ¢; and,

(f) at least one movement detection means and a movement’s database; said movement’s database is adapted
to store said 3D spatial position of said at least one surgical tool (17b, 17¢) at time t;and at time t,, where ;>
to ; said movement detection means is adapted to detect movement of said at least one surgical tool (17b, 17c)
if the 3D spatial position of said at least one surgical tool (17b, 17c¢) at time ;is different than said 3D spatial
position of said at least one surgical tool (17b, 17¢) at time to,

the system further comprising a controller having a processing means and a controller’'s database, said controller
adapted to control the spatial position of said at least one surgical tool (17b, 17c); wherein said controller’s database
is adapted to store a predetermined set of rules according to which ALLOWED and RESTRICTED movements of
said at least one surgical tool (17b, 17¢) are determined, such that each detected movement by said movement
detection means of said at least one surgical tool (17b, 17c) is determined as either an ALLOWED movement or as
a RESTRICTED movement according to said predetermined set of rules.

2. The surgical controlling system according to claim 1, wherein said predetermined set of rules comprises at least
one rule selected from a group consisting of: most used tool rule, right tool rule, left tool rule, field of view rule, no
fly zone rule, route rule, environmental rule, operator input rule, proximity rule; collision prevention rule, history-
based rule, tool-dependent allowed and RESTRICTED movements rule, preferred volume zone rule, preferred tool
rule, movement detection rule, and any combination thereof.

3. The surgical controlling system according to claim 2, wherein said route rule comprises a communicable database
storing predefined route in which said at least one surgical tool is adapted to move within said surgical environment;
said predefined route comprises n 3D spatial positions of said at least one surgical tool; n is an integer greater than
or equal to 2; said ALLOWED movements are movements in which said at least one surgical tool is located sub-
stantially in at least one of said n 3D spatial positions of said predefined route, and said RESTRICTED movements
are movements in which the location of said at least one surgical tool is substantially different from said n 3D spatial
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positions of said predefined route.

The surgical controlling system according to claim 2, wherein said environmental rule comprises a communicable
database; said communicable database is adapted to received real-time image of said surgical environment and is
adapted to perform real-time image processing of the same and to determined the 3D spatial position of hazards
or obstacles in said surgical environment; said environmental rule is adapted to determine said ALLOWED and
RESTRICTED movements according to said hazards or obstacles in said surgical environment, such that said
RESTRICTED movements are movements in which said at least one surgical tool is located substantially in at least
one of said 3D spatial positions, and said ALLOWED movements are movements in which the location of said at
least one surgical tool is substantially different from said 3D spatial positions; wherein said hazards or obstacles in
said surgical environment are selected from a group consisting of tissue, a surgical tool, an organ, an endoscope
and any combination thereof.

The surgical controlling system according to claim 2, wherein said operator input rule comprises a communicable
database; said communicable database is adapted to receive an input from the operator of said system regarding
said ALLOWED and RESTRICTED movements of said at least one surgical tool; further wherein said operator input
rule comprises n 3D spatial positions; n is an integer greater than or equal 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 said
ALLOWED movements are movements in which said at least one surgical tool is located substantially in at least
one of said n 3D spatial positions, and said RESTRICTED movements are movements in which the location of said
at least one surgical tool is substantially different from said n 3D spatial positions.

The surgical controlling system according to claim 2, wherein said proximity rule is adapted to define a predetermined
distance between at least two surgical tools; said ALLOWED movements are movements which are within the range
or out of the range of said predetermined distance, and said RESTRICTED movements which are out of the range
or within the range of said predetermined distance.

The surgical controlling system according to claim 2, wherein said proximity rule is adapted to define a predetermined
angle between at least three surgical tools; said ALLOWED movements are movements which are within the range
or out of the range of said predetermined angle, and said RESTRICTED movements which are out of the range or
within the range of said predetermined angle.

The surgical controlling system according to claim 2, wherein collision prevention rule is adapted to define a prede-
termined distance between said atleast one surgical tool and an anatomical element within said surgical environment;
said ALLOWED movements are movements which are in a range that is larger than said predetermined distance,
and said RESTRICTED movements are movements which is in a range that is smaller than said predetermined
distance; wherein said anatomical element is selected from a group consisting of tissue, organ, another surgical
tool and any combination thereof.

The surgical controlling system according to claim 2, 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.

The surgical controlling system according to claim 9, wherein said right tool rule is adapted to determine said
ALLOWED movement of said endoscope according to the movement of the surgical tool positioned to right of said
endoscope.

The surgical controlling system according to claim 9, wherein said left tool rule is adapted to determine said ALLOWED
movement of said endoscope according to the movement of the surgical tool positioned to left of said endoscope.

The surgical controlling system according to claim 9, wherein said 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 said
n 3D spatial positions provides a predetermined field of view; said field of view rule is adapted to determine said
ALLOWED movement of said endoscope within said n 3D spatial positions so as to maintain a constant field of
view, such that said ALLOWED movements are movements in which said endoscope is located substantially in at
least one of said n 3D spatial positions, and said RESTRICTED movements are movements in which the location
of said endoscope is substantially different from said n 3D spatial positions.
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The surgical controlling system according to claim 9, wherein said preferred volume zone rule comprises a com-
municable 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 rule is adapted to determine said AL-
LOWED movement of said endoscope within said n 3D spatial positions and RESTRICTED movement of said
endoscope outside said n 3D spatial positions, such that said ALLOWED movements are movements in which said
endoscope is located substantially in at least one of said n 3D spatial positions, and said RESTRICTED movements
are movements in which the location of said endoscope is substantially different from said n 3D spatial positions.

The surgical controlling system according to claim 9, wherein said preferred tool rule comprises a communicable
database, said database stores a preferred tool; said preferred tool rule is adapted to determine said ALLOWED
movement of said endoscope to constantly track the movement of said preferred tool.

The surgical controlling system according to claim 2, wherein said no fly zone rule comprises a communicable
database comprising n 3D spatial positions; n is an integer greater than or equal to 2; said n 3D spatial positions
define a predetermined volume within said surgical environment; said no fly zone rule is adapted to determine said
RESTRICTED movement if said movement is within said no fly zone if said movement is outside said no fly zone,
such that said RESTRICTED movements are movements in which said at least one of said surgical tool is located
substantially in at least one of said n 3D spatial positions, and said ALLOWED movements are movements in which
the location of said at least one surgical tool is substantially different from said n 3D spatial positions.

The surgical controlling system according to claim 9, wherein said most used tool rule comprises a communicable
database counting the amount of movement of each of said surgical tools; said most used tool rule is adapted to
constantly position said endoscope to track the movement of the most moved surgical tool.

The surgical controlling system according to either one of claims 1-16, 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
said system is adapted to alert the physician of a RESTRICTED movements of said at least one surgical tool; further
wherein said alert is selected from a group consisting of audio signaling, voice signaling, light signaling, flashing
signaling and any combination thereof.

The surgical controlling system according to claim 2, wherein said history-based rule comprises a communicable
database storing each 3D spatial position of each of said surgical tool, such that each movement of each surgical
tool is stored; said history-based rule is adapted to determine said ALLOWED and RESTRICTED movements
according to historical movements of said at least one surgical tool, such that said ALLOWED movements are
movements in which said at least one surgical tool is located substantially in at least one of said 3D spatial positions,
and said RESTRICTED movements are movements in which the location of said at least one surgical tool is sub-
stantially different from said n 3D spatial positions.

The surgical controlling system according to claim 2, wherein said tool-dependent allowed and RESTRICTED move-
ments rule comprises a communicable database; said communicable database is adapted to store predetermined
characteristics of at least one of said surgical tool; said tool-dependent allowed and movements rule is adapted to
determine said ALLOWED and RESTRICTED movements according to said predetermined characteristics of said
surgical tool; such that allowed movements as movements of said endoscope which tracks said surgical tool having
said predetermined characteristics; further wherein said predetermined characteristics of said surgical tool are
selected from a group consisting of: physical dimensions, structure, weight, sharpness, and any combination thereof.

The surgical tracking system of claim 6, wherein said movement detection rule comprises a communicable database
comprising the real-time 3D spatial positions of each of said surgical tool; said movement detection rule is adapted
to detect movement of said at least one surgical tool when a change in said 3D spatial positions is received, such
that said ALLOWED movements are movements in which said endoscope is re-directed to focus on the moving
surgical tool.

Patentanspriiche

1.

Ein chirurgisches Steuersystem (100), bestehend aus:
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a. mindestens einem Endoskop (21), das Echtzeitbilder des chirurgischen Arbeitsumfelds des menschlichen
Korpers liefern kann;

b. mindestens einer Verarbeitungsvorrichtung, die in Echtzeit das Element n im genannten Echtzeitbild des
chirurgischen Arbeitsumfelds im menschlichen Kérper definieren kann; jedes der genannten Elemente ist durch
vordefinierte Eigenschaften charakterisiert;

c. einer Bildverarbeitungsvorrichtung in Verbindung mit dem genannten Endoskop (21), die das genannte Echt-
zeitbild bildlich verarbeiten und Echtzeitupdates der genannten vordefinierten Eigenschaften liefern kann;

d. einer Datenbank in Verbindung mit der genannten Verarbeitungsvorrichtung und der genannten Bildverar-
beitungsvorrichtung, die die genannten vordefinierten Eigenschaften und die genannten aktualisierten Eigen-
schaften speichern kann;

wobei das genannte System eine Benachrichtigung senden kann, wenn sich die aktualisierten Eigenschaften we-
sentlich von den vordefinierten Eigenschaften unterscheiden; wobei die genannten vordefinierten Eigenschaften
aus mehreren ausgewahlt werden, namlich die Farbe des genannten Elements, die Verortung des genannten
Elements im 3D-Raum, die Konturen des genannten Elements und beliebige Kombinationen dieser Eigenschaften,
dadurch gekennzeichnet, dass das System aulerdem aus

mindestens einem Chirurgiewerkzeug (17b, 17c) besteht, das zur Unterstiitzung des chirurgischen Eingriffs in das
chirurgische Arbeitsumfeld des menschlichen Kérpers eingefiihrt werden kann, und

(e) mindestens einer Lageabschatzungsvorrichtung besteht, das in Echtzeit zu jedem beliebigen Zeitpunkt t
die Position des genannten Chirurgiewerkzeugs (17b, 17c), von dem es mindestens eines gibt, im 3D-Raum
abschéatzen kann; und

(f) mindestens einer Bewegungserkennungsvorrichtung und einer Bewegungsdatenbank besteht; die genannte
Bewegungsdatenbank kann die genannte 3D-Raumposition des genannten mindestens einen Chirurgiewerk-
zeug (17b, 17¢) zum Zeitpunkt {;und zum Zeitpunkt t, speichern, wobei ;> t,; die genannte Bewegungserken-
nungvorrichtung kann Bewegungen des genannten mindestens einen Chirurgiewerkzeug erkennen (17b, 17c),
wenn sich die 3D-Raumposition des genannten mindestens einen Chirurgiewerkzeug (17b, 17¢) zum Zeitpunkt
tr von der genannten 3D-Raumposition des genannten mindestens einen Chirurgiewerkzeug (17b, 17¢) zum
Zeitpunkt t, unterscheidet;

das System umfasst auBerdem ein Steuergerat mit einer Verarbeitungsvorrichtung und einer Steuergeratdatenbank,
wobei das Steuergerat die raumliche Position des genannten mindestens einen Chirurgiewerkzeug (17b, 17c) steu-
ern kann; dadurch gekennzeichnet, dass das genannte Steuergerat einen vordefinierten Regelsatz speichern
kann, laut dem ERLAUBTE und GESPERRTE Bewegungen des genannten mindestens einen Chirurgiewerkzeugs
(17b, 17c) bestimmt werden kdnnen, sodass jede erkannte Bewegung durch die genannte Bewegungserkennungs-
vorrichtung des genannten mindestens einen Chirurgiewerkzeugs (17b, 17c) anhand des genannten vordefinierten
Regelsatzes entweder als ERLAUBTE Bewegung oder als GESPERRTE Bewegung bestimmt werden kann.

Das chirurgische Steuersystem laut Anspruch 1, dadurch gekennzeichnet, dass der vordefinierte Regelsatz min-
destens eine Regel aus der folgenden Aufzéhlung enthélt: Regel "meistverwendetes Werkzeug", Regel "rechtes
Werkzeug", Regel "linkes Werkzeug", Regel "Sichtfeld", Regel "Sperrzone", Regel "Route", Regel "Umfeld", Regel
"Eingabe durch die Bedienperson", Regel "Nahe", Regel "Kollisionsvermeidung”, Regel "verlaufsbasiert", Regel
"ERLAUBTE und GESPERRTE Bewegungen je nach Werkzeug", Regel "Bereich mit bevorzugtem Volumen", Regel
"bevorzugtes Werkzeug", Regel "Bewegungserkennung" und beliebige Kombinationen aus diesen.

Das chirurgische Steuersystem laut Anspruch 2, dadurch gekennzeichnet, dass die Regel "Route" eine kommu-
nizierbare Datenbank umfasst, in der eine vordefinierte Route gespeichert ist, in der das genannte mindestens eine
Chirurgiewerkzeug sich im genannten chirurgischen Arbeitsumfeld bewegen kann; die genannte vordefinierte Route
umfasst n 3D-Raumpositionen des genannten mindestens einen Chirurgiewerkzeugs; n ist ein ganzzahliger Wert
groéRer gleich 2; die genannten ERLAUBTEN Bewegungen sind Bewegungen, bei denen das genannte mindestens
eine Chirurgiewerkzeug sich im Wesentlichen in mindestens einer der genannten n 3D-Raumpositionen der ge-
nannten vordefinierten Route befindet, und die genannten GESPERRTEN Bewegungen sind Bewegungen, bei
denen sich der Standort des genannten mindestens einen Chirurgiewerkzeugs wesentlich von den genannten n
3D-Raumpositionen der genannten vordefinierten Route unterscheidet.

Das chirurgische Steuersystem laut Anspruch 2, dadurch gekennzeichnet, dass die genannte Regel "Umfeld"

eine kommunizierbare Datenbank umfasst; die genannte Datenbank kann Echtzeitbilder des genannten chirurgi-
schen Arbeitsumfelds empfangen und diese in Echtzeit bildlich verarbeiten und die 3D-Raumposition von Gefahren

27



10

15

20

25

30

35

40

45

50

55

10.

1.

12.

EP 2 744 419 B1

oder Hindernissen im genannten chirurgischen Arbeitsumfeld bestimmen; die genannte Regel "Umfeld" kann die
genannten ERLAUBTEN und GESPERRTEN Bewegungen laut den genannten Gefahren oder Hindernissen im
genannten chirurgischen Arbeitsumfeld bestimmen, sodass die genannten GESPERRTEN Bewegungen Bewegun-
gen sind, bei denen das genannte mindestens eine Chirurgiewerkzeug sich im Wesentlichen in mindestens einer
der genannten 3D-Raumpositionen befindet, und die genannten ERLAUBTEN Bewegungen Bewegungen sind, bei
denen der Standort des genannten mindestens einen Chirurgiewerkzeug sich wesentlich von den genannten 3D-
Raumpositionen unterscheidet; dadurch gekennzeichnet, dass genannte Gefahren oder Hindernisse im genann-
ten chirurgischen Arbeitsumfeld aus der folgenden Liste ausgewahlt werden: Gewebe, einem Chirurgiewerkzeug,
einem Organ, einem Endoskop und beliebigen Kombinationen aus diesen.

Das chirurgische Steuersystem laut Anspruch 2, dadurch gekennzeichnet, dass die genannte Regel "Eingabe
durch die Bedienperson" eine kommunizierbare Datenbank umfasst; die genannte kommunizierbare Datenbank
kann eine Eingabe der Bedienperson des genannten Systems hinsichtlich der genannten ERLAUBTEN und GE-
SPERRTEN Bewegungen des genannten mindestens einen Chirurgiewerkzeugs empfangen; aulerdem dadurch
gekennzeichnet, dass die genannte Regel "Eingabe durch die Bedienperson" n 3D-Raumpositionen umfasst; n
ist ein ganzzahliger Wert gréRer gleich 2; dadurch gekennzeichnet, dass mindestens eine der 3D-Raumpositionen
als ERLAUBTER Standort und mindestens eine der 3D-Raumpositionen als GESPERRTER Standort definiert ist,
sodass die genannten ERLAUBTEN Bewegungen Bewegungen sind, bei denen sich das genannte mindestens
eine Chirurgiewerkzeug im Wesentlichen an mindestens einem der genannten n 3D-Raumpositionen befindet, und
die genannten GESPERRTEN Bewegungen Bewegungen sind, bei denen sich der Standort des genannten min-
destens einen Chirurgiewerkzeugs sich wesentlich von den genannten n 3D-Raumpositionen unterscheidet.

Das chirurgische Steuersystem laut Anspruch 2, dadurch gekennzeichnet, dass die genannte Regel "Nahe" einen
vordefinierten Abstand zwischen mindestens zwei Chirurgiewerkzeugen definieren kann; die genannten ERLAUB-
TEN Bewegungen sind Bewegungen, die sich innerhalb oder aulRerhalb des genannten vordefinierten Abstands
befinden, und die genannten GESPERRTEN Bewegungen sind Bewegungen, die sich auferhalb oder innerhalb
des genannten vordefinierten Abstands befinden.

Das chirurgische Steuersystem laut Anspruch 2, dadurch gekennzeichnet, dass die genannte Regel "Nahe" einen
vordefinierten Winkel zwischen mindestens drei Chirurgiewerkzeugen definieren kann; die genannten ERLAUBTEN
Bewegungen sind Bewegungen, die sich innerhalb oder aulRerhalb des genannten vordefinierten Winkels befinden,
und die genannten GESPERRTEN Bewegungen sind Bewegungen, die sich aul3erhalb oder innerhalb des genann-
ten vordefinierten Winkels befinden.

Das chirurgische Steuersystem laut Anspruch 2, dadurch gekennzeichnet, dass die Regel "Kollisionsvermeidung"
einen vordefinierten Abstand zwischen dem genannten mindestens einen Chirurgiewerkzeug und einem anatomi-
schen Element im genannten chirurgischen Arbeitsumfeld definieren kann; die genannten ERLAUBTEN Bewegun-
gen sind Bewegungen in einem Bereich gréRer als der genannte vordefinierte Abstand und die genannten GE-
SPERRTEN Bewegungen sind Bewegungen in einem Bereich kleiner als der genannte vordefinierte Abstand; da-
durch gekennzeichnet, dass das genannte anatomische Element aus der folgenden Liste ausgewahlt wird: Ge-
webe, einem Organ, einem anderen Chirurgiewerkzeug und beliebigen Kombinationen aus diesen.

Das chirurgische Steuersystem laut Anspruch 2, dadurch gekennzeichnet, dass mindestens eine der folgenden
Aussagen stimmt: (a) das genannte System enthélt zusatzlich ein Endoskop; das genannte Endoskop kann Echt-
zeitbilder der genannten chirurgischen Arbeitsumgebung liefern; (b) mindestens eines der genannten Chirurgiewerk-
zeuge ist ein Endoskop, das Echtzeitbilder der genannten chirurgischen Arbeitsumgebung liefern kann.

Das chirurgische Steuersystem laut Anspruch 9, dadurch gekennzeichnet, dass die genannte Regel "rechtes
Werkzeug" die genannte ERLAUBTE Bewegung des genannten Endoskops laut der Bewegung des genannten
Chirurgiewerkzeugs bestimmen kann, das sich zur Rechten des genannten Endoskops befindet.

Das chirurgische Steuersystem laut Anspruch 9, dadurch gekennzeichnet, dass die genannte Regel "linkes Werk-
zeug" die genannte ERLAUBTE Bewegung des genannten Endoskops laut der Bewegung des genannten Chirur-
giewerkzeugs bestimmen kann, das sich zur Linken des genannten Endoskops befindet.

Das chirurgische Steuersystem laut Anspruch 9, dadurch gekennzeichnet, dass die genannte Regel "Sichtfeld"

eine kommunizierbare Datenbank mit n 3D-Raumpositionen umfasst; n ist ein ganzzahliger Wert gréer gleich 2;
die Kombination aller genannten n 3D-Raumpositionen liefert ein vordefiniertes Sichtfeld; die genannte Regel "Sicht-
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feld" kann die genannte ERLAUBTE Bewegung des genannten Endoskops innerhalb der genannten n 3D-Raum-
positionen bestimmen, um ein konstantes Sichtfeld beizubehalten, sodass die genannten ERLAUBTEN Bewegun-
gen Bewegungen sind, bei denen das genannte Endoskop sich im Wesentlichen an mindestens einer der genannten
n 3D-Raumpositionen befindet, und die genannten GESPERRTEN Bewegungen Bewegungen sind, bei denen sich
der Standort des genannten Endoskops wesentlich von den genannten n 3D-Raumpositionen unterscheidet.

Das chirurgische Steuersystem laut Anspruch 9, dadurch gekennzeichnet, dass die genannte Regel "Bereich mit
bevorzugtem Volumen" eine kommunizierbare Datenbank mit n 3D-Raumpositionen umfasst; n ist ein ganzzahliger
Wert gréRer gleich 2; die genannten n 3D-Raumpositionen liefern den genannten Bereich mit bevorzugtem Volumen;
die genannte Regel "Bereich mit bevorzugtem Volumen" kann die genannte ERLAUBTE Bewegung des genannten
Endoskops innerhalb der genannten n 3D-Raumpositionen und die genannte GESPERRTE Bewegung des ge-
nannten Endoskops auferhalb der genannten n 3D-Raumpositionen bestimmen, sodass die genannten ERLAUB-
TEN Bewegungen Bewegungen sind, bei denen das genannte Endoskop sich im Wesentlichen an mindestens einer
der genannten n 3D-Raumpositionen befindet, und die genannten GESPERRTEN Bewegungen Bewegungen sind,
bei denen sich der Standort des genannten Endoskops wesentlich von den genannten n 3D-Raumpositionen un-
terscheidet.

Das chirurgische Steuersystem laut Anspruch 9, dadurch gekennzeichnet, dass die genannte Regel "bevorzugtes
Werkzeug" eine kommunizierbare Datenbank umfasst und die genannte Datenbank ein bevorzugtes Werkzeug
speichert; die genannte Regel "bevorzugtes Werkzeug" kann die genannte ERLAUBTE Bewegung des genannten
Endoskops bestimmen, um die Bewegung des genannten bevorzugten Werkzeugs konstant nachzuverfolgen.

Das chirurgische Steuersystem laut Anspruch 2, dadurch gekennzeichnet, dass die genannte Regel "Sperrzone"
eine kommunizierbare Datenbank mit n 3D-Raumpositionen umfasst; n ist ein ganzzahliger Wert gréer gleich 2;
die genannten n 3D-Raumpositionen definieren ein vordefiniertes Volumen innerhalb des genannten chirurgischen
Arbeitsumfelds; die genannte Regel "Sperrzone" kann die genannte GESPERRTE Bewegung des genannten En-
doskops bestimmen, wenn sich diese innerhalb der genannten Sperrzone befindet, wenn sich die genannte Bewe-
gung auBerhalb der genannten Sperrzone befindet, sodass die genannten GESPERRTEN Bewegungen Bewegun-
gen sind, bei denen sich mindestens eines der genannten Chirurgiewerkzeuge im Wesentlichen an mindestens
einer der genannten n 3D-Raumpositionen befindet, und die genannten ERLAUBTEN Bewegungen Bewegungen
sind, bei denen sich der Standort des genannten mindestens einen Chirurgiewerkzeuge wesentlich von den ge-
nannten n 3D-Raumpositionen unterscheidet.

Das chirurgische Steuersystem laut Anspruch 9, dadurch gekennzeichnet, dass die genannte Regel "meistver-
wendetes Werkzeug" eine kommunizierbare Datenbank umfasst, die die Bewegungsanzahl jedes der genannten
Chirurgiewerkzeuge zahlen kann; die genannte Regel "meistverwendetes Werkzeug" kann das genannte Endoskop
konstant so positionieren, dass die Bewegung des meistverwendeten Chirurgiewerkzeugs nachverfolgt wird.

Das chirurgische Steuersystem laut einem der Anspriiche 1-16, dadurch gekennzeichnet, dass das genannte
System aulerhalb ein Mandvrieruntersystem beinhaltet, das mit dem genannten Steuergerat kommunizieren kann;
das genannte Mandvrieruntersystem kann das genannte mindestens eine Chirurgiewerkzeug wahrend eines chir-
urgischen Eingriffs anhand des genannten vordefinierten Regelsatzes raumlich repositionieren; auRerdem dadurch
gekennzeichnet, dass das genannte System den Arzt Giber eine GESPERRTE Bewegung des genannten mindes-
tens einen Chirurgiewerkzeugs benachrichtigen kann; aullerdem dadurch gekennzeichnet, dass die genannte
Benachrichtigung aus der folgenden Liste ausgewahlt wird: akustische Benachrichtigung, gesprochene Benach-
richtigung, Lichtbenachrichtigung, Blinkbenachrichtigung und beliebige Kombinationen aus diesen.

Das chirurgische Steuersystem laut Anspruch 2, dadurch gekennzeichnet, dass die genannte Regel "verlaufs-
basiert" eine kommunizierbare Datenbank umfasst, die jede 3D-Raumposition jedes der genannten Chirurgiewerk-
zeuge speichert, sodass jede Bewegung jedes Chirurgiewerkzeugs gespeichert ist; die genannte Regel "verlaufs-
basiert" kann die genannten ERLAUBTEN und GESPERRTEN Bewegungen laut der friheren Bewegungen des
genannten mindestens einen Chirurgiewerkzeugs bestimmen, sodass die genannten ERLAUBTEN Bewegungen
Bewegungen sind, bei denen sich das genannte mindestens eine Chirurgiewerkzeug im Wesentlichen an mindestens
einer der genannten 3D-Raumpositionen befindet, und die genannten GESPERRTEN Bewegungen Bewegungen
sind, in denen sich der Standort des genannten mindestens einen Chirurgiewerkzeugs wesentlich von den genannten
n 3D-Raumpositionen unterscheidet.

Das chirurgische Steuersystem laut Anspruch 2, dadurch gekennzeichnet, dass die genannte Regel "ERLAUBTE
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und GESPERRTE Bewegungen je nach Werkzeug" eine kommunizierbare Datenbank umfasst; die genannte kom-
munizierbare Datenbank kann vordefinierte Eigenschaften von mindestens einem der genannten Chirurgiewerk-
zeuge speichern; die genannte Regel "ERLAUBTE und GESPERRTE Bewegungen je nach Werkzeug" kann die
genannten ERLAUBTEN und GESPERRTEN Bewegungen laut der genannten vordefinierten Eigenschaften des
genannten Chirurgiewerkzeugs bestimmen, sodass ERLAUBTE Bewegungen Bewegungen des genannten Endo-
skops sind, das das genannte Chirurgiewerkzeug mit den genannten vorbestimmten Eigenschaften nachverfolgt;
auflerdem dadurch gekennzeichnet, dass die genannten vordefinierten Eigenschaften des genannten Chirur-
giewerkzeugs aus der folgenden Liste ausgewahlt werden: physikalische Abmessungen, Struktur, Gewicht, Scharfe
und beliebige Kombinationen aus diesen.

Das chirurgische Tracking-System aus Anspruch 6, dadurch gekennzeichnet, dass die genannte Regel "Bewe-
gungserkennung" eine kommunizierbare Datenbank mit den Echtzeit-3D-Raumpositionen des genannten Chirur-
giewerkzeugs erfasst; die genannte Regel "Bewegungserkennung" kann die Bewegung des genannten mindestens
einen Chirurgiewerkzeugs erkennen, wenn eine Anderung der genannten 3D-Raumposition empfangen wird, sodass
die genannten ERLAUBTEN Bewegungen Bewegungen sind, bei denen das genannte Endoskop umgeleitet wird
und sich nun auf das sich bewegende Chirurgiewerkzeug fokussiert.

Revendications

1.

Systeme chirurgical de contréle (100) comprenant :

a. au moins un endoscope (21) congu pour procurer des images en temps réel d’un environnement chirurgical
d’un corps humain ;

b. au moins un moyen de traitement congu pour définir en temps réel n éléments au sein de ladite image en
temps réel d'un environnement chirurgical d’'un corps humain, chacun desdits éléments étant caractérisé par
des caractéristiques prédéterminées ;

c. un moyen de traitement d’images mis en communication avec ledit endoscope (21), congu pour soumettre
aun traitement d'images lesdites images en temps réel et pour procurer des mises a jour en temps réel desdites
caractéristiques prédéterminées ;

d. une base de données, mise en communication avec ledit moyen de traitement et avec ledit moyen de
traitement d’'images, congue pour mettre en mémoire lesdites caractéristiques prédéterminées et lesdites ca-
ractéristiques mises a jour;

dans lequel ledit systéeme est congu pour faire part du fait de savoir si lesdites caractéristiques mises a jour sont
essentiellement différentes desdites caractéristiques prédéterminées ; dans lequel lesdites caractéristiques prédé-
terminées sont choisies parmi un groupe constitué par : une couleur dudit élément ; un emplacement dans I'espace
en 3D dudit élément ; les contours dudit élément ; ainsi que I'une quelconque de leurs combinaisons ;
caractérisé en ce que le systteme comprend en outre :

au moins un instrument chirurgical (17b, 17¢) congu pour étre inséré dans un environnement chirurgical d’'un corps
humain pour apporter son soutien a une opération chirurgicale ; et

(e) au moins un moyen d’estimation de localisation congu pour estimer en temps réel la position dans I'espace
en 3D dudit au moins un instrument chirurgical (17b, 17c) a n'importe quel moment donné ¢t ; et

(f) au moins un moyen de détection de mouvement et une base de données de mouvements ; ladite base de
données de mouvements étant congue pour mettre en mémoire ladite position dans I'espace en 3D dudit au
moins un instrument chirurgical (17b, 17¢) au moment t; et au moment £,, ou t; > f; ; ledit moyen de détection
de mouvements étant congu pour détecter un mouvement dudit au moins un instrument chirurgical (17b, 17c)
lorsque la position dans I'espace en 3D dudit au moins un instrument chirurgical (17b, 17c) au temps {; est
différente de ladite position dans I'espace en 3D dudit au moins un instrument chirurgical (17b, 17c) au temps t ;

le systéme comprenant en outre un contréleur possédant un moyen de traitement et une base de données de
controleur, ledit controleur étant congu pour contrdler la position dans I'espace dudit au moins un instrument chi-
rurgical (17b, 17¢); dans lequel ladite base de données de contrbleur est congue pour mettre en mémoire un jeu
prédéterminé de régles en fonction desquelles des mouvements AUTORISES et INTERDITS dudit au moins un
instrument chirurgical (17b, 17c) sont déterminés, d’'une maniére telle que chaque mouvement détecté par ledit
moyen de détection de mouvements dudit au moins un instrument chirurgical (17b, 17c) est déterminé comme étant
soit un mouvement AUTORISE, soit un mouvement INTERDIT en fonction dudit jeu prédéterminé de regles.
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Systeme chirurgical de contréle selon la revendication 1, dans lequel ledit jeu prédéterminé de régles comprend au
moins une régle choisie parmi un groupe constitué par : une régle concernant l'instrument le plus fréquemment
utilisé ; une régle concernant l'instrument situé a droite ; une régle concernant I'instrument situé a gauche ; une
regle concernant le champ de vision ; une régle concernant une zone d’exclusion ; une régle concernant un trajet;
une regle environnementale ; une régle concernant une entrée d’'opérateur; une régle de proximité; une regle de
prévention de collision ; une régle basée sur I'historique ; une régle concernant les mouvements AUTORISES et
INTERDITS qui dépendent de l'instrument ; une regle concernant une zone de volume préféré ; une régle concernant
un instrument préféré ; une regle de détection de mouvement ; ainsi que 'une quelconque de leurs combinaisons.

Systeme chirurgical de contrdle selon la revendication 2, dans lequel ladite regle concernant un trajet comprend
une base de données apte a communiquer qui met en mémoire un trajet prédéfini le long duquel au moins un
instrument chirurgical est congu pour se déplacer au sein dudit environnement chirurgical ; ledit trajet prédéfini
comprend n positions dans I'espace en 3D dudit au moins un instrument chirurgical ; n représente un entier supérieur
ou égal a 2 ; lesdits mouvements AUTORISES représentent des mouvements en fonction desquels ledit au moins
un instrument chirurgical est situé essentiellement dans au moins une desdites n positions dans I'espace en 3D
dudit trajet prédéfini ; et lesdits mouvements INTERDITS représentent des mouvements en fonction desquels I'em-
placement dudit au moins un instrument chirurgical est essentiellement différent desdites n positions dans I'espace
en 3D dudit trajet prédéfini.

Systeme chirurgical de contrdle selon la revendication 2, dans lequel ladite regle environnementale comprend une
base de données apte a communiquer; ladite base de données apte a communiquer est congue pour recevoir une
image en temps réel dudit environnement chirurgical et est congue pour mettre en oeuvre un traitement d'images
en temps réel de I'image en question et pour déterminer la position dans I'espace en 3D de dangers ou d’obstacles
dans ledit environnement chirurgical ; ladite régle environnementale est congue pour déterminer lesdits mouvements
AUTORISES et INTERDITS en fonction desdits dangers ou desdits obstacles dans ledit environnement chirurgical,
d’'une maniere telle que lesdits mouvements INTERDITS représentent des mouvements en fonction desquels ledit
au moins un instrument chirurgical est situé essentiellement dans au moins une desdites positions dans I'espace
en 3D, et lesdits mouvements AUTORISES représentent des mouvements en fonction desquels I'emplacement
dudit au moins un instrument chirurgical est essentiellement différent desdites n positions dans I'espace en 3D ;
dans lequel lesdits dangers ou lesdits obstacles dans ledit environnement chirurgical sont choisis parmi un groupe
constitué par : un tissu, un instrument chirurgical, un organe, un endoscope, ainsi que I'une quelconque de leurs
combinaisons.

Systeme chirurgical de contréle selon la revendication 2, dans lequel ladite régle concernant une entrée d’opérateur
comprend une base de données apte a communiquer ; ladite base de données apte a communiquer est congue
pour recevoir une entrée de la part de I'opérateur dudit systeme en ce qui concerne lesdits mouvements AUTORISES
et INTERDITS dudit au moins un instrument chirurgical ; en outre dans lequel ladite regle concernant une entrée
d’opérateur comprend n positions dans I'espace en 3D ; n représente un entier supérieur ou égal a 2 ; dans lequel
au moins une position est définie comme étant un emplacement AUTORISE et au moins une position est définie
comme étant un emplacement INTERDIT, d’'une maniére telle que lesdits mouvements AUTORISES représentent
des mouvements en fonction desquels ledit au moins un instrument chirurgical est situé essentiellement dans au
moins une desdites n positions dans I'espace en 3D ; et lesdits mouvements INTERDITS représentent des mou-
vements en fonction desquels 'emplacement dudit au moins un instrument chirurgical est essentiellement différent
desdites n positions dans I'espace en 3D.

Systeme chirurgical de contrdle selon la revendication 2, dans lequel ladite regle de proximité est congue pour
définir une distance prédéterminée entre au moins deux instruments chirurgicaux ; lesdits mouvements AUTORISES
représentent des mouvements qui rentrentdans la plage ou qui sortent de la plage de ladite distance prédéterminée ;
et lesdits mouvements INTERDITS représentent des mouvements qui sortent de la plage ou qui rentrent dans la
plage de ladite distance prédéterminée.

Systeme chirurgical de contrdle selon la revendication 2, dans lequel ladite regle de proximité est congue pour
définir un angle prédéterminé formé entre au moins trois instruments chirurgicaux ; lesdits mouvements AUTORISES
représentent des mouvements qui rentrent dans la plage ou qui sortent de la plage dudit angle prédéterminé ; et
lesdits mouvements INTERDITS représentent des mouvements qui sortent de la plage ou qui rentrent dans la plage
dudit angle prédéterminé.

Systeme chirurgical de contrdle selon la revendication 2, dans lequel la régle de prévention de collision est congue
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pour définir une distance prédéterminée entre ledit au moins un instrument chirurgical et un élément anatomique
au sein dudit environnement chirurgical ; lesdits mouvements AUTORISES représentent des mouvements qui ren-
trent dans une plage qui est supérieure a ladite distance prédéterminée ; et lesdits mouvements INTERDITS repré-
sentent des mouvements qui rentrent dans une plage qui est inférieure a ladite distance prédéterminée ; dans lequel
ledit élément anatomique est choisi parmi un groupe constitué par : un tissu, un organe, un autre instrument chi-
rurgical, ainsi que I'une quelconque de leurs combinaisons.

Systeme chirurgical de contréle selon la revendication 2, dans lequel au moins une des affirmations suivantes est
considérée comme vraie : (a) ledit systeme comprend en outre un endoscope ; ledit endoscope est congu pour
procurer une image en temps réel dudit environnement chirurgical ; (b) au moins un desdits instruments chirurgicaux
représentent un endoscope congu pour procurer une image en temps réel dudit environnement chirurgical.

Systeme chirurgical de contrdle selon la revendication 9, dans lequel ladite régle concernant l'instrument situé a
droite est congue pour déterminer ledit mouvement AUTORISE dudit endoscope en fonction du mouvement de
l'instrument chirurgical disposé a droite dudit endoscope.

Systeme chirurgical de contrdle selon la revendication 9, dans lequel ladite régle concernant I'instrument situé a
gauche est congue pour déterminer ledit mouvement AUTORISE dudit endoscope en fonction du mouvement de
l'instrument chirurgical disposé a gauche dudit endoscope.

Systeme chirurgical de contrdle selon la revendication 9, dans lequel ladite régle concernant le champ de vision
comprend une base de données apte a communiquer comprenant n positions dans I'espace en 3D ; n représente
un entier supérieur ou égal a 2 ; la combinaison de la totalité desdites n positions dans I'espace en 3D procure un
champ de vision prédéterminé ; ladite régle concernant le champ de vision est congue pour déterminer ledit mou-
vement AUTORISE dudit endoscope aux sein desdites n positions dans I'espace en 3D de fagon a maintenir un
champ de vision constant, d’'une maniére telle que lesdits mouvements AUTORISES représentent des mouvements
en fonction desquels ledit endoscope est situé essentiellement dans au moins une desdites n positions dans I'espace
en 3D ; et lesdits mouvements INTERDITS représentent des mouvements en fonction desquels 'emplacement
dudit endoscope est essentiellement différent desdites n positions dans I'espace en 3D.

Systeme chirurgical de contrdle selon la revendication 9, dans lequel ladite régle concernant la zone de volume
préféré comprend une base de données apte a communiquer comprenant n positions dans I'espace en 3D ; n
représente un entier supérieur ou égal a 2 ; lesdites n positions dans I'espace en 3D procurent ladite zone de volume
préféeré ; ladite reégle concernant la zone de volume préféré est congue pour déterminer ledit mouvement AUTORISE
dudit endoscope au sein desdites n positions dans I'espace en 3D et ledit mouvement INTERDIT dudit endoscope
a I'extérieur desdites n positions dans I'espace en 3D, d’'une maniére telle que lesdits mouvements AUTORISES
représentent des mouvements en fonction desquels ledit endoscope est situé essentiellement dans au moins une
desdites n positions dans I'espace en 3D ; et lesdits mouvements INTERDITS représentent des mouvements en
fonction desquels I'emplacement dudit endoscope est essentiellement différent desdites n positions dans I'espace
en 3D.

Systeme chirurgical de contréle selon la revendication 9, dans lequel ladite régle concernant l'instrument préféré
comprend une base de données apte a communiquer ; un instrument préféré est mis en mémoire dans ladite base
de données ; ladite regle concernant l'instrument préféré est congue pour déterminer ledit mouvement AUTORISE
dudit endoscope dans le but de localiser de maniere constante le mouvement dudit instrument préféré.

Systeme chirurgical de contréle selon la revendication 2, dans lequel ladite régle concernant une zone d’exclusion
comprend une base de données apte a communiquer comprenant n positions dans I'espace en 3D ; n représente
un entier supérieur ou égal a 2 ; lesdites n positions dans I'espace en 3D définissent un volume prédéterminé au
sein dudit environnement chirurgical ; ladite regle concernant la zone d’exclusion est congue pour déterminer ledit
mouvement INTERDIT lorsque ledit mouvement se retrouve dans ladite zone d’exclusion ou lorsque ledit mouvement
se retrouve a I'extérieur de ladite zone d’exclusion, d’'une maniére telle que lesdits mouvements INTERDITS repré-
sentent des mouvements en fonction desquels ledit au moins un instrument chirurgical est situé essentiellement
dans au moins une desdites n positions dans I'espace en 3D et lesdits mouvements AUTORISES représentent des
mouvements en fonction desquels I'emplacement dudit au moins un instrument chirurgical est essentiellement
différent desdites n positions dans I'espace en 3D.

Systeme chirurgical de controle selon la revendication 9, dans lequel ladite régle concernant ledit instrument le plus
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fréquemment utilisé comprend une base de données apte a communiquer qui compte le nombre de mouvements
de chacun desdits instruments chirurgicaux; ladite régle concernant l'instrument le plus fréquemment utilisé est
congue pour positionner ledit endoscope de maniére constante dans le but de localiser le mouvement de I'instrument
chirurgical manifestant le plus grand nombre de déplacements.

Systeme chirurgical de contréle selon 'une quelconque des revendications 1 a 16, dans lequel ledit systéme com-
prend en outre un sous-systeme de manipulation apte a communiquer avec ledit contrdleur, ledit sous-systeme de
manipulation étant congu pour repositionner dans I'espace ledit au moins un instrument chirurgical au cours d’'une
opération chirurgicale, conformément audit jeu prédéterminé de régles ; en outre dans lequel ledit systéme est
congu pour alerter le médecin a propos de mouvements INTERDITS dudit au moins un instrument chirurgical ; en
outre dans lequel ladite alerte est choisie parmi un groupe constitué par : un signalement audio, un signalement
vocal, un signalementlumineux, un signalement par clignotement, ainsi que I'une quelconque de leurs combinaisons.

Systeme chirurgical de contrdle selon la revendication 2, dans lequel ladite régle basée sur un historique comprend
une base de données apte a communiquer qui met en moire chaque position dans I'espace en 3D de chacun desdits
instruments chirurgicaux, d’'une maniére telle que chaque mouvement de chaque instrument chirurgical est mis en
mémoire ; ladite regle basée sur un historique est congue pour déterminer lesdits mouvements AUTORISES et
INTERDITS en fonction des mouvements issus de l'historique dudit au moins un instrument chirurgical, d’'une
maniére telle que lesdits mouvements AUTORISES représentent des mouvements en fonction desquels ledit au
moins un instrument chirurgical est situé essentiellement dans au moins une desdites n positions dans I'espace en
3D ; et lesdits mouvements INTERDITS représentent des mouvements en fonction desquels 'emplacement dudit
au moins un instrument chirurgical est essentiellement différent desdites n positions dans I'espace en 3D.

Systeme chirurgical de contrdle selon la revendication 2, dans lequel ladite régle concernant lesdits mouvements
AUTORISES et INTERDITS qui dépendent de l'instrument comprend une base de données apte a communiquer;
ladite base de données apte a communiquer est congue pour mettre en mémoire des caractéristiques prédéterminées
d’au moins un desdits instruments chirurgicaux ; ladite regle concernant lesdits mouvements AUTORISES et IN-
TERDITS qui dépendent de l'instrument est congue pour déterminer lesdits mouvements AUTORISES et INTER-
DITS en fonction desdites caractéristiques prédéterminées dudit instrument chirurgical ; d’'une maniére telle que
des mouvements AUTORISES représentent des mouvements dudit endoscope qui localise ledit instrument chirur-
gical possédant lesdites caractéristiques prédéterminées ; en outre dans lequel lesdites caractéristiques prédéter-
minées dudit instrument chirurgical sont choisies parmi un groupe constitué par : des dimensions physiques, une
structure, un poids, une netteté, ainsi que I'une quelconque de leurs combinaisons.

Systeme chirurgical de localisation selon la revendication 6, dans lequel ladite régle concernant la détection de
mouvements comprend une base de données apte a communiquer comprenant les positions dans I'espace en 3D
en temps réel de chacun desdits instruments chirurgicaux; ladite régle concernant la détection de mouvements est
congue pour détecter les mouvements dudit au moins un instrument chirurgical lorsqu’'une modification concernant
ladite position dans I'espace en 3D a été regue, d’'une maniére telle que lesdits mouvements AUTORISES repré-
sentent des mouvements en fonction desquels ledit endoscope est redirigé pour se focaliser sur l'instrument chi-
rurgical en train de se déplacer.
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