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OVERALL ENDOSCOPIC CONTROL SYSTEM

FIELD OF THE INVENTION

The present invention generally pertains to a system and method for controlling an endoscope.

BACKGROUND OF THE INVENTION

Laparoscopic surgery is becoming increasingly popular with patients because the scars are smaller
and their period of recovery is shorter. Laparoscopic surgery requires special training of the
surgeon or gynecologist and the theatre nursing staff. The equipment is often expensive and is not
available in all hospitals. During laparoscopic surgery it is often required to shift the spatial
placement of the endoscope in order to present the surgeon with the optimal view. Conventional
laparoscopic surgery makes use of either human assistants that manually shift the instrumentation

or alternatively robotic automated assistants (such as JP patent No. 06063003).

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 camera 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 at the monitor; also the picture shown must be in the right
orientation. The main problem is that it is difficult both for the assistant to keep the endoscope in
the right spatial position, and for the assistant to hold the endoscope steadily, keeping the field in
the right orientation. To overcome these problems, several new technologies have been developed,
using robots to hold the endoscope while the surgeon performs the procedure, e.g., Lapman,
Endoassist etc. But these technologies are expensive, difficult to install, uncomfortable to use, limit
the dexterity of the surgeon and have physical dimensions much larger that all the other operating
tools. Relative to the required action, they also require a large region to be kept free for their
movement and have several arms, moving around different axes. Another robot, LER (which was
developed by the TIMC-GMCAO Laboratory), US. Patent application No. 200/6100501 consists of
a compact camera-holder robot that rests directly on the patient’s abdomen and an electronic box
containing the electricity supply and robot controllers. LER has relatively small dimensions but has
a 110 mm diameter base ring that must be attached to, or be very close to, the patient's skin. This
ring occupies a place over the patient's body, thus limiting the surgeon's activities: other trochars
can not be placed there, whether or not the surgeon would prefer this, possibly changing the
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surgeon's usual method of carrying out the procedure, and sometimes forcing the setup process to
be as long as 40 minutes. Also, the LER has only 3 degrees of freedom and is unable to control the
orientation of the picture shown to surgeon (the LER cannot rotate the endoscope around its

longitudinal axis).

However, even the improved technologies still limit the dexterity of the surgeon and fail to provide
the necessary four degrees of freedom. Another disadvantage of these technologies is that they lack
the ability to control fully both the spatial position of the endoscope tube and its orientation during
the laparoscopic surgery, so that the surgeon may view any desired area within the working

envelope in the body being operated on.

Therefore, there is still a long felt need for a camera holder that will hold the endoscope steady and
that will allow full control of the endoscope in all four degrees of freedom, without limiting the
dexterity of the surgeon. Furthermore, there is also a long felt need for a camera holder that will
provide the ability to control the spatial orientation of an endoscope tube, so that the surgeon may
reach any desired area within the working envelope in operated body and may view that area from

any desired angle

However, conventional endoscopic systems either rely on manual control requiring a user to
reposition the endoscope manually, or they use absolute positioning. Manual control systems either
require the surgeon to pause the operation in order to reposition the endoscope or require an
additional operative in the theater to control the position of the endoscope, while absolute
positioning systems can require counter-intuitive manipulation of a control apparatus. Counter-
intuitive manipulation of a control apparatus will occur, for example, if the endoscopic camera axes
are not parallel to the axes of the absolute positioning system. If, for example, the endoscopic
camera axes are anti-parallel to the axes of the absolute positioning system, to move the field of
view to the left, the control system must be commanded to move the endoscope to the right, and
vice versa, requiring the surgeon to remember the relative position of the camera and the

positioning system axes.

It is therefore a long felt need to provide a system for controlling the position and motion of an
endoscope which does not normally require manual control and which does not require counter-

intuitive manipulation of control apparatus.

SUMMARY OF THE INVENTION

It is an object of the present invention to disclose a system for controlling an endoscope.
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It is another object of the present invention to disclose a system for controlling an endoscope,

comprising

a.  an endoscope adapted to provide real time images of an FOV within a body cavity; the
FOV defines at least two axes selected from a group consisting of FOVx-axis, FOVy-
axis and FOVz-axis and any combination thereof, such that at least two axes selected
from the FOVx-axis, the FOVy-axis, the FOVz-axis and any combination thereof are
adapted to be real time updated as the endoscope moves and the FOV changes; the
endoscope is characterized by a spatial location; the spatial location is real-time updated

as the endoscope moves;

b. a maneuvering system for maneuvering the endoscope in at least two DOF; the

maneuvering system defines a constant x-axis, a constant y-axis and a constant z-axis;

c.  control means adapted to receive commands of motions from a user to maneuver the

endoscope; and

d.  a data processing system in communication with the control means, adapted to instruct
the maneuvering system to mancuver the endoscope according to the commands of

motions;

wherein the data control means instructs the maneuvering system to mancuver the endoscope
according to the commands of motions relative to at least two axes selected from the FOVx-axis,
the FOVy-axis and the FOVz-axis and any combination thereof, as real time displayed in the
image, regardless of the spatial location of the endoscope and of the x-axis, the y-axis and the z-
axis as defined by the maneuvering system; further wherein the data processing system is adapted
to convert the commands of motions relative to at least two axes selected from the FOVx-axis, the
FOVy-axis, the FOVz-axis and any combination thereof to commands of motions relative to the x-
axis, the y-axis and the z-axis, such that the maneuvering system is adapted to move the endoscope
relative to the x-axis, the y-axis and the z-axis to result in the motions as commanded relative to at
least two axes selected from the FOVx-axis, the FOVy-axis, FOVz-axis and any combination

thereof.

It is another object of the present invention to disclose the system as defined above, wherein the
data control means instructs the maneuvering system to maneuver the endoscope according to the
commands of motions relative to at least two axes selected from the FOVx-axis, the FOVy-axis and
the FOVz-axis and any combination thereof, as real time displayed in the image, regardless of the

orientation of the camera within the endoscope with respect to the endoscope.
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It is another object of the present invention to disclose the system as defined above, 1, wherein the
data control means instructs the maneuvering system to maneuver the endoscope according to the
commands of motions relative to at least two axes selected from the FOVx-axis, the FOVy-axis and
the FOVz-axis and any combination thereof, as real time displayed in the image, regardless of the

angular orientation of the camera within the endoscope with respect to the endoscope

It is another object of the present invention to disclose the system as defined above, wherein the
data control means instructs the maneuvering system to maneuver the endoscope according to the
commands of motions relative to at least two axes selected from the FOVx-axis, the FOVy-axis and
the FOVz-axis and any combination thereof, as real time displayed in the image, regardless of the

orientation of the endoscope with respect to the maneuvering system.

It is another object of the present invention to disclose the system as defined above, wherein the
control means are adapted to receive commands of motions to maneuver at least one surgical tool

within the FOV.

It is another object of the present invention to disclose the system as defined above, wherein the
data control means instructs the maneuvering system to maneuver the surgical tool according to the
commands of motions relative to the FOVx-axis, FOVy-axis, FOVz-axis, as real time displayed in
the image, regardless of the x-axis, the y-axis and the z-axis as defined by the manecuvering system;
further wherein the data processing system is adapted to convert the commands of motions relative
to the FOVx-axis, FOVy-axis, FOVz-axis to commands of motions relative to the x-axis, the y-axis

and the z-axis.

It is another object of the present invention to disclose the system as defined above, wherein the
control means comprises at least one joystick unit in communication with the maneuvering system,

adapted to operate the maneuvering system.

It is another object of the present invention to disclose the system as defined above, wherein the

joystick unit is wearable by a user of the system.

It is another object of the present invention to disclose the system as defined above, wherein the

joystick unit is coupled to at least one surgical tool used in the medical procedure.

It is another object of the present invention to disclose the system as defined above, wherein the at

least one surgical tool is the endoscope.

It is another object of the present invention to disclose the system as defined above, wherein the

movement of the joystick is proportional to the movement of the endoscope.
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It is another object of the present invention to disclose the system as defined above, wherein the

joystick unit is a force joystick.

It is another object of the present invention to disclose the system as defined above, wherein the
joystick unit comprises a base and lever coupled to the base, such that movement of the lever
results in movement of the endoscope; further wherein the movement of the lever is proportional to

the movement of the endoscope.

It is another object of the present invention to disclose the system as defined above, wherein the
joystick unit comprises a base and a button jointly connected to the base, such that movement of the
button results in movement of the endoscope; further wherein the movement of the button is

proportional to the movement of the endoscope.

It is another object of the present invention to disclose the system as defined above, wherein the
joystick unit comprises a touchscreen, such that a touch and a movement on the touchscreen results
in movement of the endoscope; further wherein the touch and movement on the touchscreen is

proportional to the movement of the endoscope.

It is another object of the present invention to disclose the system as defined above, wherein the
joystick unit comprises at least one sound sensor, adapted to sense predetermined sound patterns;
the joystick unit adapted to operate the maneuvering system based on the predetermined sound

patterns.

It is another object of the present invention to disclose the system as defined above, wherein the
system directs the endoscope by using image information shown on the video screen without the

help of assistants.

It is another object of the present invention to disclose the system as defined above, wherein, if the
joystick unit’s speed of motion is above a predetermined value, the endoscope’s speed is at the

predetermined value.

It is another object of the present invention to disclose the system as defined above, wherein the

joystick unit additionally comprises # sensors, where # is an integer larger than one.

It is another object of the present invention to disclose the system as defined above, wherein the
sensors are selected from a group consisting of a motion sensor, a heat sensor, an electric sensor, a

sound sensor, a pressure sensor, an optical sensor and any combination thereof.

It is another object of the present invention to disclose the system as defined above, wherein at least

one of the » sensors is activated in case of power failure.
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It is another object of the present invention to disclose the system as defined above, wherein at least

one of the n sensors is activated when the system is connected to power.

It is another object of the present invention to disclose the system as defined above, wherein the

joystick unit is characterized by an external surface.

It is another object of the present invention to disclose the system as defined above, wherein the at

least one motion sensor detects motion upon the external surface.

It is another object of the present invention to disclose the system as defined above, wherein the at

least one motion sensor detects motion perpendicular to the external surface.

It is another object of the present invention to disclose the system as defined above, wherein the at

least one heat sensor is adapted to sense temperatures in the range of about 35 to about 42 degrees.

It is another object of the present invention to disclose the system as defined above, wherein the
system is adapted to enable mancuvering of the endoscope at such times as the at least one heat

sensor senses temperatures in the range of about 35 to about 42 degrees.

It is another object of the present invention to disclose the system as defined above, wherein the at
least one heat sensor is adapted to provide thermal image; the at least one heat sensor is coupled to

a processing unit adapted to provide the system user with the thermal image.

It is another object of the present invention to disclose the system as defined above, wherein the
system is adapted to enable maneuvering of the endoscope at such times as analysis of the image by
the processing unit detects the image of a human hand; further wherein the system is adapted to
prevent maneuvering of the endoscope at such times when the analysis of the image by the

processing unit fails to detect an image of a human hand.

It is another object of the present invention to disclose the system as defined above, wherein the at

least one electric sensor is adapted to sense power failure.

It is another object of the present invention to disclose the system as defined above, wherein the at

least one electric sensor is adapted to sense electric conductivity of a human body.

It is another object of the present invention to disclose the system as defined above, wherein the
system is adapted to enable mancuvering of the endoscope at such times when the sensor senses the
conductivity of the subject's body; further wherein the system is adapted to prevent maneuvering of

the endoscope at such times as the sensor fails to sense the conductivity of the subject's body.
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It is another object of the present invention to disclose the system as defined above, wherein the at

least one sound sensor is adapted to sense at least one predetermined sound pattern.

It is another object of the present invention to disclose the system as defined above, wherein the
endoscope is maneuverable according to the at least one predetermined sound pattern sensed by the

at least one sound sensor.

It is another object of the present invention to disclose the system as defined above, wherein the at

least one pressure sensor is adapted to sense pressure applied to the joystick unit.

It is another object of the present invention to disclose the system as defined above, wherein the
pressure sensed by the at least one pressure sensor affects the maneuvering system in a manner
selected from a group consisting of: when the pressure sensed by the at least one pressure sensor is
above a predetermined value, the maneuvering system is activated; when the pressure sensed by the
at least one pressure sensor is above a predetermined value, the maneuvering system is de-
activated; and when the pressure sensed by the at least one pressure sensor is below a

predetermined value, the maneuvering system is de-activated.

It is another object of the present invention to disclose the system as defined above, wherein the at
least one optical sensor is adapted to sense visual changes according to at least one predetermined

visual pattern.

It is another object of the present invention to disclose the system as defined above, wherein the

endoscope is maneuverable according to the at least one predetermined visual pattern.

It is another object of the present invention to disclose the system as defined above, additionally
comprising an interface system adapted to enable communication between the joystick unit and the

maneuvering system.

It is another object of the present invention to disclose the system as defined above, wherein the
communication means comprises a member selected from a group consisting of a wired

communication means, a wireless communication means and any combination thereof.

It is another object of the present invention to disclose the system as defined above, wherein the
maneuvering system comprises at least one second joystick unit adapted to zoom the endoscope by

means of the maneuvering system.

It is another object of the present invention to disclose the system as defined above, wherein the

second joystick unit is wearable by the system user.
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It is another object of the present invention to disclose the system as defined above, wherein the

second joystick unit is coupled to at least one surgical tool.

It is another object of the present invention to disclose the system as defined above, wherein the at

least one surgical tool is the endoscope.

It is another object of the present invention to disclose the system as defined above, wherein a

single device comprises the joystick unit and the second joystick unit.

It is another object of the present invention to disclose the system as defined above, wherein the at
least one joystick unit is adapted to control and to direct the endoscope on the surgical tool via the

maneuvering system.

It is another object of the present invention to disclose the system as defined above, wherein
selection of the at least one surgical tool is obtained by activating the at least one joystick unit;
further wherein the activation of the at least one joystick unit is obtained by depression of the
joystick unit, voice activating the same, prolonged depression on the same, double clicking on the

same and any combination thereof.

It is another object of the present invention to disclose the system as defined above, additionally

comprising

a.  at least one wearable operator comprising at least one wireless transmitter, adapted to
transmit a signal once the at least one wearable operator is activated; the at least one
wearable operator is either wire or wirelessly in communication with at least one

surgical instrument;
b.  atleast one wireless receiver; adapted to receive the signal sent by the transmitter;

c. at least one laparoscopy computerized system, in communication with the wireless
receiver, adapted to provide a visual onscreen depiction of the at least one instrument to

be selected following the activation of the at least one wearable operator; and,

d. at least one video screen; wherein the system is adapted to control and to direct the
endoscope via the laparoscopy computerized system and the maneuvering system on the

instrument to be selected following the activation of the at least one wearable operator.

It is another object of the present invention to disclose the system as defined above, wherein the
communication between the at least one of the wearable operators and the instrument is either wire

or wirelessly coupling.
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It is another object of the present invention to disclose the system as defined above, wherein the

wearable operator is worn by the surgeon on a predetermined body part.

It is another object of the present invention to disclose the system as defined above, wherein the
predetermined body part is selected from a group consisting of: the hand of the surgeon, at least one
of the fingers of the surgeon, the thigh of the surgeon, the neck of the surgeon, at least one of the

legs of the surgeon, the knee of the surgeon, the head of the surgeon and any combination thereof.

It is another object of the present invention to disclose the system as defined above, wherein the
shape of the wearable operator is selected from a group consisting of a ring, a bracelet and any

combination thereof.

It is another object of the present invention to disclose the system as defined above, wherein the

wearable operator is coupled to a predetermined location on the instrument by means of an adaptor.

It is another object of the present invention to disclose the system as defined above, wherein the
wearable operator is adjustable so as to fit the predetermined location of the different instruments,

cach of which is characterized by a different size and shape.

It is another object of the present invention to disclose the system as defined above, wherein the
wearable operator comprises a body having at least two portions at least partially overlapping each
other; the two portions are adapted to grasp and hold either the instrument or the predetermined
body part there-between, such that a tight-fit coupling between the two portions and the instrument

or the predetermined body part is obtained.

It is another object of the present invention to disclose the system as defined above, wherein one of
the two portions is rotationally movable relative to the other, such that when the wearable operator
is coupled to the instrument, fine-tuned movement of the two body portions is obtainable so as to
provide the tight-fit coupling between the two portions and the instrument or the predetermined

body part.

It is another object of the present invention to disclose the system as defined above, wherein the
two portions are rotationally movable relative to each other, such that when the wearable operator is
coupled to the instrument, fine-tuned movement of the two body portions is obtainable so as to
provide the tight-fit coupling between the two portions and the instrument or the predetermined

body part.

It is another object of the present invention to disclose the system as defined above, wherein the

wearable operator comprises (a) at least one flexible and stretchable strip; and (b) loop-closing
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means adapted to close a loop with the at least one flexible and stretchable strip; the at least one
flexible and stretchable strip and the loop-closing means are provided so as to fit the wearable
operator to at least one selected from a group consisting of (a) the predetermined location of the
different instruments; (b) the predetermined body part of the surgeon, each of which is

characterized by a different size and shape.

It is another object of the present invention to disclose the system as defined above, wherein the
flexible and stretchable strip is made of material selected from a group consisting of silicone,

rubber and any combination thereof.

It is another object of the present invention to disclose the system as defined above, wherein the

wireless transmitter is adapted to locate the position of at least one of the instruments.

It is another object of the present invention to disclose the system as defined above, wherein
selection of the at least one instrument is obtained by activating the at least one wearable operator;
further wherein the activation of the at least one wearable operator is obtained by depression on a
predetermined location in the wearable operator, voice activating the same, prolonged depression

on the same, double clicking on the same and any combination thereof.

It is another object of the present invention to disclose the system as defined above, wherein the
laparoscopy computerized system directs the endoscope by using image information shown on the

video screen without the help of assistants.

It is another object of the present invention to disclose the system as defined above, wherein the
conventional laparoscopy computerized system comprises at least one surgical instrument spatial
location software, adapted to locate the 3D spatial position of the at least one instrument; further
wherein the conventional laparoscopy computerized system comprises at least one automated
assistant maneuvering system; the automated assistant maneuvering system is coupled to the
endoscope and is adapted to direct the endoscope to the at least one instrument, the instrument

selected following the activation of the at least one wearable operator.

It is another object of the present invention to disclose the system as defined above, wherein each
transmitted signal from the wearable operator and the wireless transmitter is matched to at least one

of the instruments.

It is another object of the present invention to disclose the system as defined above, wherein
velocity of the endoscope;s tip varies according to the closeness of the endoscope's tip to an object

in the center of the FOV.
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It is another object of the present invention to disclose the system as defined above, wherein the
velocity of the the endoscope's tip is proportional to distance between the endoscope's tip and the

object the center of the FOV.

It is another object of the present invention to disclose the system as defined above, wherein the

endoscope is an articulated endoscope.

It is another object of the present invention to disclose the system as defined above, wherein

articulation of the articulated endoscope is controlled by the system.

It is another object of the present invention to disclose the system as defined above, wherein

articulation of the articulated endoscope is controlled independently of the system.

It is another object of the present invention to disclose the system as defined above, wherein the

endoscope is characterized by a pivoting point.

It is another object of the present invention to disclose the system as defined above, wherein the

system automatically corrects for changes in the pivoting point of the endoscope.

It is another object of the present invention to disclose the system as defined above, wherein the
control means is coupled to the endoscope maneuvering system via a link selected from a group

consisting of: a wired link, a wireless link, and any combination thereof.

It is another object of the present invention to disclose the system as defined above, wherein the
system maintains the center of the FOV unchanged during zooming, independent of the angle of the

endoscope's tip with respect to the longitudinal axis of the endoscope.

It is another object of the present invention to disclose the system as defined above, wherein the

system maintains the angle of the FOV unchanged during zooming.

It is another object of the present invention to disclose the system as defined above, wherein the

system maintains the angle of the FOV unchanged during lateral motion.

It is another object of the present invention to disclose the system as defined above, wherein the
angle of the endoscope's tip with respect to the the longitudinal axis of the endoscope is not

predetermined.

It is another object of the present invention to disclose the system as defined above, wherein the

control means is adapted to be worn in conjunction with at least some portion of the body of a user.

11
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It is another object of the present invention to disclose the system as defined above, wherein the
portion of the body is selected from the group consisting of finger, arm, chest, head, neck, waist,

hips, thighs, legs, and any combination thereof.

It is another object of the present invention to disclose the system as defined above, wherein the
system automatically maintains the image unchanged by maneuvering the endoscope in response to

uncommanded motion.

It is another object of the present invention to disclose the system as defined above, wherein the
system automatically maintains the horizon of the image unchanged by maneuvering the endoscope

in response to uncommanded motion.

It is another object of the present invention to disclose the system as defined above, wherein the
system automatically maintains the horizon of the image unchanged during maneuvering of the

endoscope.

It is another object of the present invention to disclose the system as defined above, wherein the

system is adapted to track an object.

It is another object of the present invention to disclose the system as defined above, wherein the

system is adapted to retain the object in the center of the FOV of the camera.

It is another object of the present invention to disclose the system as defined above, wherein the
object is one of a group consisting of an organ, a vein, an artery, a ligament, a membrane, fat tissue,

a medical tool, a scalpel, a forceps, a retractor, a swab, a clamp, and a needle.

It is another object of the present invention to disclose the system as defined above, wherein the
system is adapted to mancuver a controlled object selected from a group consisting of an endoscope
and a surgical tool in a manner selected from a group consisting of a discrete movement, a

continuous movement and any combination thereof.

It is another object of the present invention to disclose a method for controlling an endoscope

comprising steps of:

a. acquiring an endoscope adapted to provide real time images of FOV within a body
cavity; the FOV defines at least two axes selected from a group consisting of FOVx-
axis, FOVy-axis and FOVz-axis and any combination thereof, such that at least two axes
selected from the FOVx-axis, the FOVy-axis, the FOVz-axis and any combination

thereof are adapted to be real time updated as the endoscope moves and the FOV
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changes; the endoscope is characterized by a spatial location; the spatial location is real-

time updated as the endoscope moves;

b. acquiring a maneuvering system for maneuvering the endoscope in at least two DOF;
the maneuvering system defines a constant x-axis, a constant y-axis and a constant z-
axis;

c.  acquiring control means adapted to receive commands of motions from a user to

maneuver the endoscope;

d. providing a data processing system in communication with the control means, adapted
to instruct the maneuvering system to manecuver the endoscope according to the

commands of motions;

e.  converting the commands of motion relative to the FOVx-axis, the FOVy-axis and the
FOVz-axis to commands of motions relative to the at least two axes selected from the
FOVx-axis, the FOVy-axis and the FOVz-axis and any combination thereof, such that
the maneuvering system is adapted to move the endoscope relative to the at least two
axes selected from the FOVx-axis, the FOVy-axis and the FOVz-axis and any
combination thercof so as to result in the motions as commanded relative to the FOVx-

axis, the FOVy-axis and the FOVz-axis; and

f.  maneuvering the endoscope according to the commands of motions relative to the
FOVx-axis, the FOVy-axis and the FOVz-axis, as real time displayed in the image,
regardless of the spatial location of the endoscope and of the at least two axes selected
from the FOVx-axis, the FOVy-axis and the FOVz-axis and any combination thereof as

defined by the maneuvering system.

It is another object of the present invention to disclose the method as defined above, additionally
comprising a step of adapting the data control means to instruct the maneuvering system to
maneuver the endoscope according to the commands of motions relative to at least two axes
selected from the FOVx-axis, the FOVy-axis and the FOVz-axis and any combination thereof, as
real time displayed in the image, regardless of the orientation of the camera within the endoscope

with respect to the endoscope.

It is another object of the present invention to disclose the method as defined above, additionally
comprising a step of adapting the data control means to instruct the maneuvering system to
maneuver the endoscope according to the commands of motions relative to at least two axes

selected from the FOVx-axis, the FOVy-axis and the FOVz-axis and any combination thereof, as
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real time displayed in the image, regardless of the angular orientation of the camera within the

endoscope with respect to the endoscope

It is another object of the present invention to disclose the method as defined above, additionally
comprising a step of adapting the data control means to instruct the maneuvering system to
maneuver the endoscope according to the commands of motions relative to at least two axes
selected from the FOVx-axis, the FOVy-axis and the FOVz-axis and any combination thereof, as
real time displayed in the image, regardless of the orientation of the endoscope with respect to the

maneuvering system..

It is another object of the present invention to disclose the method as defined above, additionally
comprising a step of adapting the control means to receive commands of motions to maneuver at

least one surgical tool within the FOV.

It is another object of the present invention to disclose the method as defined above, additionally
comprising a step of providing the data control means adapted to instruct the maneuvering system
to maneuver the surgical tool according to the commands of motions relative to the FOVx-axis,
FOVy-axis, FOVz-axis, as real time displayed in the image, regardless of the x-axis, the y-axis and
the z-axis as defined by the maneuvering system; further wherein the data processing system is
adapted to convert the commands of motions relative to the FOVx-axis, FOVy-axis, FOVz-axis to

commands of motions relative to the x-axis, the y-axis and the z-axis.

It is another object of the present invention to disclose the method as defined above, additionally
comprising a step of providing the control means comprising at least one joystick unit in

communication with the maneuvering system, adapted to operate the maneuvering system.

It is another object of the present invention to disclose the method as defined above, additionally

comprising a step of providing the joystick unit wearable by a user of the system.

It is another object of the present invention to disclose the method as defined above, additionally
comprising a step of coupling the joystick unit to at least one surgical tool used in the medical

procedure.

It is another object of the present invention to disclose the method as defined above, additionally

comprising a step of selecting the at least one surgical tool to be the endoscope.

It is another object of the present invention to disclose the method as defined above, additionally
comprising a step of controlling the movement of the joystick such that the movement of the

joystick is proportional to the movement of the endoscope.
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It is another object of the present invention to disclose the method as defined above, additionally

comprising a step of selecting the joystick unit to be a force joystick.

It is another object of the present invention to disclose the method as defined above, additionally
comprising a step of selecting the joystick unit comprising a base and lever coupled to the base,
such that movement of the lever results in movement of the endoscope; further wherein the

movement of the lever is proportional to the movement of the endoscope.

It is another object of the present invention to disclose the method as defined above, additionally
comprising a step of selecting the joystick unit comprising a base and a button jointly connected to
the base, such that movement of the button results in movement of the endoscope; further wherein

the movement of the button is proportional to the movement of the endoscope.

It is another object of the present invention to disclose the method as defined above, additionally
comprising a step of selecting the joystick unit comprising a touchscreen, such that a touch and a
movement on the touchscreen results in movement of the endoscope; further wherein the touch and

movement on the touchscreen is proportional to the movement of the endoscope.

It is another object of the present invention to disclose the method as defined above, additionally
comprising a step of selecting the joystick unit comprising at least one sound sensor, adapted to
sense predetermined sound patterns; the joystick unit adapted to operate the maneuvering system

based on the predetermined sound patterns.

It is another object of the present invention to disclose the method as defined above, additionally
comprising a step of providing the system adapted to direct the endoscope by using image

information shown on the video screen without the help of assistants.

It is another object of the present invention to disclose the method as defined above, additionally
comprising a step of, if the joystick unit’s speed of motion is above a predetermined value, setting

the endoscope’s speed to be at the predetermined value.

It is another object of the present invention to disclose the method as defined above, additionally
comprising a step of providing the joystick unit additionally comprising # sensors, where # is an

integer larger than one.

It is another object of the present invention to disclose the method as defined above, additionally
comprising a step of selecting the sensors from a group consisting of a motion sensor, a heat sensor,

an electric sensor, a sound sensor, a pressure sensor, an optical sensor and any combination thereof.
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It is another object of the present invention to disclose the method as defined above, additionally

comprising a step of activating at least one of the » sensors in case of power failure.

It is another object of the present invention to disclose the method as defined above, additionally

comprising a step of activating at least one of the n sensors when the system is connected to power.

It is another object of the present invention to disclose the method as defined above, additionally

comprising a step of characterizing the joystick unit by an external surface.

It is another object of the present invention to disclose the method as defined above, additionally
comprising a step of adapting the at least one motion sensor to detect motion upon the external

surface.

It is another object of the present invention to disclose the method as defined above, additionally
comprising a step of adapting the at least one motion sensor to detect motion perpendicular to the

external surface.

It is another object of the present invention to disclose the method as defined above, additionally
comprising a step of adapting the at least one heat sensor to sense temperatures in the range of

about 35 to about 42 degrees.

It is another object of the present invention to disclose the method as defined above, additionally
comprising a step of adapting the system to enable maneuvering of the endoscope at such times as

the at least one heat sensor senses temperatures in the range of about 35 to about 42 degrees.

It is another object of the present invention to disclose the method as defined above, additionally
comprising a step of adapting the at least one heat sensor to provide thermal image; the at least one
heat sensor is coupled to a processing unit adapted to provide the system user with the thermal

image.

It is another object of the present invention to disclose the method as defined above, additionally
comprising a step of adapting the system to enable maneuvering of the endoscope at such times as
analysis of the image by the processing unit detects the image of a human hand; further wherein the
system is adapted to prevent maneuvering of the endoscope at such times when the analysis of the

image by the processing unit fails to detect an image of a human hand.

It is another object of the present invention to disclose the method as defined above, additionally

comprising a step of adapting the at least one electric sensor to sense power failure.
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It is another object of the present invention to disclose the method as defined above, additionally
comprising a step of adapting the at least one electric sensor to sense electric conductivity of a

human body.

It is another object of the present invention to disclose the method as defined above, additionally
comprising a step of adapting the system to enable maneuvering of the endoscope at such times
when the sensor senses the conductivity of the subject's body; further wherein the system is adapted
to prevent maneuvering of the endoscope at such times as the sensor fails to sense the conductivity

of the subject's body.

It is another object of the present invention to disclose the method as defined above, additionally
comprising a step of adapting the at least one sound sensor to sense at least one predetermined

sound pattern.

It is another object of the present invention to disclose the method as defined above, additionally
comprising a step of maneuvering the endoscope according to the at least one predetermined sound

pattern sensed by the at least one sound sensor.

It is another object of the present invention to disclose the method as defined above, additionally
comprising a step of adapting the at least one pressure sensor to sense pressure applied to the

joystick unit.

It is another object of the present invention to disclose the method as defined above, additionally
comprising a step of affecting the maneuvering system in response to the pressure sensed by the at
least one pressure sensor in a manner selected from a group consisting of: when the pressure sensed
by the at least one pressure sensor is above a predetermined value, the maneuvering system is
activated; when the pressure sensed by the at least one pressure sensor is above a predetermined
value, the maneuvering system is de-activated; and when the pressure sensed by the at least one

pressure sensor is below a predetermined value, the maneuvering system is de-activated.

It is another object of the present invention to disclose the method as defined above, additionally
comprising a step of adapting the at least one optical sensor to sense visual changes according to at

least one predetermined visual pattern.

It is another object of the present invention to disclose the method as defined above, additionally
comprising a step of maneuvering the endoscope according to the at least one predetermined visual

pattern.
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It is another object of the present invention to disclose the method as defined above, additionally
comprising a step of providing an interface system adapted to enable communication between the

joystick unit and the maneuvering system.

It is another object of the present invention to disclose the method as defined above, additionally
comprising a step of providing the communication means comprising a member selected from a
group consisting of a wired communication means, a wireless communication means and any

combination thereof.

It is another object of the present invention to disclose the method as defined above, additionally
comprising a step of providing the maneuvering system comprising at least one second joystick unit

adapted to zoom the endoscope by means of the maneuvering system.

It is another object of the present invention to disclose the method as defined above, additionally

comprising a step of providing the second joystick unit wearable by the system user.

It is another object of the present invention to disclose the method as defined above, additionally

comprising a step of coupling the second joystick unit to at least one surgical tool.

It is another object of the present invention to disclose the method as defined above, additionally

comprising a step of selecting the at least one surgical tool to be the endoscope.

It is another object of the present invention to disclose the method as defined above, additionally
comprising a step of providing a single device comprising the joystick unit and the second joystick

unit.

It is another object of the present invention to disclose the method as defined above, additionally
comprising a step of adapting the at least one joystick unit to control and to direct the endoscope on

the surgical tool via the maneuvering system.

It is another object of the present invention to disclose the method as defined above, additionally
comprising a step of selecting the at least one surgical tool by activating the at least one joystick
unit; further wherein the activation of the at least one joystick unit is obtained by depression of the
joystick unit, voice activating the same, prolonged depression on the same, double clicking on the

same and any combination thereof.

It is another object of the present invention to disclose the method as defined above, additionally
comprising a step of providing
a.  at least one wearable operator comprising at least one wireless transmitter, adapted to

transmit a signal once the at least one wearable operator is activated; the at least one
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wearable operator is either wire or wirelessly in communication with at least one

surgical instrument;
b.  atleast one wireless receiver; adapted to receive the signal sent by the transmitter;

c. at least one laparoscopy computerized system, in communication with the wireless
receiver, adapted to provide a visual onscreen depiction of the at least one instrument to

be selected following the activation of the at least one wearable operator; and,

d. at least one video screen; wherein the system is adapted to control and to direct the
endoscope via the laparoscopy computerized system and the maneuvering system on the

instrument to be selected following the activation of the at least one wearable operator.

It is another object of the present invention to disclose the method as defined above, additionally
comprising a step of providing the communication between the at least one of the wearable

operators and the instrument to be either wired or wireless coupling.

It is another object of the present invention to disclose the method as defined above, additionally
comprising a step of providing the wearable operator to be worn by the surgeon on a predetermined

body part.

It is another object of the present invention to disclose the method as defined above, additionally
comprising a step of selecting the predetermined body part from a group consisting of: the hand of
the surgeon, at least one of the fingers of the surgeon, the thigh of the surgeon, the neck of the
surgeon, at least one of the legs of the surgeon, the knee of the surgeon, the head of the surgeon and

any combination thereof.

It is another object of the present invention to disclose the method as defined above, additionally
comprising a step of selecting the shape of the wearable operator from a group consisting of a ring,

a bracelet and any combination thereof.

It is another object of the present invention to disclose the method as defined above, additionally
comprising a step of coupling the wearable operator to a predetermined location on the instrument

by means of an adaptor.

It is another object of the present invention to disclose the method as defined above, additionally
comprising a step of adjusting the wearable operator so as to fit the predetermined location of the

different instruments, each of which is characterized by a different size and shape.

It is another object of the present invention to disclose the method as defined above, additionally

comprising a step of providing the wearable operator comprising a body having at least two
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portions at least partially overlapping each other; the two portions are adapted to grasp and hold
cither the instrument or the predetermined body part there-between, such that a tight-fit coupling

between the two portions and the instrument or the predetermined body part is obtained.

It is another object of the present invention to disclose the method as defined above, additionally
comprising a step of providing one of the two portions rotationally movable relative to the other,
such that when the wearable operator is coupled to the instrument, fine-tuned movement of the two
body portions is obtainable so as to provide the tight-fit coupling between the two portions and the

instrument or the predetermined body part.

It is another object of the present invention to disclose the method as defined above, additionally
comprising a step of providing the two portions rotationally movable relative to each other, such
that when the wearable operator is coupled to the instrument, fine-tuned movement of the two body
portions is obtainable so as to provide the tight-fit coupling between the two portions and the

instrument or the predetermined body part.

It is another object of the present invention to disclose the method as defined above, additionally
comprising a step of providing the wearable operator comprising (a) at least one flexible and
stretchable strip; and (b) loop-closing means adapted to close a loop with the at least one flexible
and stretchable strip; the at least one flexible and stretchable strip and the loop-closing means are
provided so as to fit the wearable operator to at least one selected from a group consisting of (a) the
predetermined location of the different instruments; (b) the predetermined body part of the surgeon,

cach of which is characterized by a different size and shape.

It is another object of the present invention to disclose the method as defined above, additionally
comprising a step of making the flexible and stretchable strip of material selected from a group

consisting of silicone, rubber and any combination thereof.

It is another object of the present invention to disclose the method as defined above, additionally
comprising a step of adapting the wireless transmitter to locate the position of at least one of the

instruments.

It is another object of the present invention to disclose the method as defined above, additionally
comprising a step of selecting the at least one instrument by activating the at least one wearable
operator; further wherein the activation of the at least one wearable operator is obtained by
depression on a predetermined location in the wearable operator, voice activating the same,

prolonged depression on the same, double clicking on the same and any combination thereof.
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It is another object of the present invention to disclose the method as defined above, additionally
comprising a step of the laparoscopy computerized system using image information shown on the

video screen to direct the endoscope without the help of assistants.

It is another object of the present invention to disclose the method as defined above, additionally
comprising a step of providing the conventional laparoscopy computerized system comprising at
least one surgical instrument spatial location software, adapted to locate the 3D spatial position of
the at least one instrument; further wherein the conventional laparoscopy computerized system
comprises at least one automated assistant maneuvering system; the automated assistant
maneuvering system is coupled to the endoscope and is adapted to direct the endoscope to the at
least one instrument, the instrument selected following the activation of the at least one wearable

operator.

It is another object of the present invention to disclose the method as defined above, additionally
comprising a step of matching each transmitted signal from the wearable operator and the wireless

transmitter to at least one of the instruments.

It is another object of the present invention to disclose the method as defined above, additionally
comprising a step of varying velocity of the endoscope's tip according to the closeness of the

endoscope tip to the object in the center of the field of view of the camera.

It is another object of the present invention to disclose the method as defined above, additionally
comprising a step of setting velocity of the endoscope's tip proportional to the distance between the

endoscope's tip and the object in the center of the FOV.

It is another object of the present invention to disclose the method as defined above, additionally

comprising a step of selecting the endoscope to be an articulated endoscope.

It is another object of the present invention to disclose the method as defined above, additionally

comprising a step of controlling articulation of the articulated endoscope by the system.

It is another object of the present invention to disclose the method as defined above, additionally
comprising a step of controlling articulation of the articulated endoscope independently of the

System.

It is another object of the present invention to disclose the method as defined above, additionally

comprising a step of characterizing the endoscope by a pivoting point.
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It is another object of the present invention to disclose the method as defined above, additionally
comprising a step of adapting the system to correct automatically for changes in the pivoting point

of the endoscope.

It is another object of the present invention to disclose the method as defined above, additionally
comprising a step of coupling the control means to the endoscope maneuvering system via a link

selected from a group consisting of: a wired link, a wireless link, and any combination thereof.

It is another object of the present invention to disclose the method as defined above, additionally
comprising a step of adapting the system to maintain the center of the FOV unchanged during
zooming, independent of the angle of the endoscope's tip with respect to the longitudinal axis of the

endoscope.

It is another object of the present invention to disclose the method as defined above, additionally
comprising a step of adapting the system to maintain the angle of the FOV unchanged during

zooming.

It is another object of the present invention to disclose the method as defined above, additionally
comprising a step of adapting the system to maintain the angle of the FOV unchanged during lateral

motion.

It is another object of the present invention to disclose the method as defined above, additionally
comprising a step of adapting the system such that the angle of the endoscope's tip with respect to

the the longitudinal axis of the endoscope is not predetermined.

It is another object of the present invention to disclose the method as defined above, additionally
comprising a step of adapting the control means to be worn in conjunction with at least some

portion of the body of a user.

It is another object of the present invention to disclose the method as defined above, additionally
comprising a step of selecting the portion of the body from the group consisting of finger, arm,

chest, head, neck, waist, hips, thighs, legs, and any combination thereof.

It is another object of the present invention to disclose the method as defined above, additionally
comprising a step of adapting the system to automatically maintain the image unchanged by

maneuvering the endoscope in response to uncommanded motion.

It is another object of the present invention to disclose the method as defined above, additionally
comprising a step of adapting the system to automatically maintain the horizon of the image

unchanged by maneuvering the endoscope in response to uncommanded motion.
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It is another object of the present invention to disclose the method as defined above, additionally
comprising a step of adapting the system to automatically maintain the horizon of the image

unchanged during maneuvering of the endoscope.

It is another object of the present invention to disclose the method as defined above, additionally

comprising a step of adapting the system to track an object.

It is another object of the present invention to disclose the method as defined above, additionally

comprising a step of adapting the system to retain the object in the center of the FOV.

It is another object of the present invention to disclose the method as defined above, additionally
comprising a step of selecting the object from a group consisting of an organ, a vein, an artery, a
ligament, a membrane, fat tissue, a medical tool, a scalpel, a forceps, a retractor, a swab, a clamp,

and a needle.

It is another object of the present invention to disclose the method as defined above, additionally
comprising a step of adapting the system to maneuver a controlled object selected from a group
consisting of an endoscope and a surgical tool in a manner selected from a group consisting of a

discrete movement, a continuous movement and any combination thereof.

BRIEF DESCRIPTION OF THE FIGURES

In order to better understand the invention and its implementation in practice, a plurality of
embodiments will now be described, by way of non-limiting example only, with reference to the

accompanying drawings, wherein

Fig. 1A-B schematically illustrates the effect of differences in alignment of axes fixed to the
maneuvering system and axes fixed to the camera on motion of the image as seen by an endoscope

for a conventional system;

Figs. 2A-D, 3A-D and 4A-C schematically illustrate the effect of differences in alignment of axes
fixed to the maneuvering system and axes fixed to the camera on motion of the image as seen by an

endoscope for the present system;
Fig. 5 schematically illustrates a flow chart of control of movement of the endoscope; and

Fig. 6 schematically illustrates an articulated endoscope.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIEMNTS
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The following description is provided, alongside all chapters of the present invention, so as to
enable any person skilled in the art to make use of said invention and sets forth the best modes
contemplated by the inventor of carrying out this invention. Various modifications, however, will
remain apparent to those skilled in the art, since the generic principles of the present invention have

been defined specifically to provide a means and method for automatic control of an endoscope.

The present invention provides a system for controlling an endoscope, comprising an endoscope
adapted to provide real time images of a field of view (FOV), where the FOV characterizes a spatial
location, and the endoscope is characterized by a spatial location; a maneuvering system for
maneuvering the endoscope in at least two DOF controlling means adapted to receive commands of
motions to maneuver the endoscope; and a data processing system in communication with the
control means, adapted to instruct the maneuvering system to mancuver the endoscope according to
the commands of motions; wherein the data processing system instructs the maneuvering system to
maneuver the endoscope according to commands of motions relative to the spatial location of the
FOV as displayed in the real time image, without reference to the spatial location or the spacial

orientation of the endoscope.

The present invention also provides a system for controlling an endoscope, comprising an
endoscope adapted to provide real time images of a FOV, where the FOV characterizes a spatial
location, and the endoscope is characterized by a spatial location; means adapted to determine the
angle of the endoscope's tip; a maneuvering system for zooming the endoscope; a mancuvering
system for lateral motion of the endoscope; controlling means adapted to receive commands to
zoom the endoscope; a data processing system in communication with the endoscope, adapted to
determine the spatial position of the center of the FOV; a data processing system in communication
with the control means, adapted to instruct the maneuvering system to zoom the endoscope and to
instruct the maneuvering system to maneuver the endoscope relative to the spatial location of the
FOV as displayed in the real time image, without reference to the spatial location of the endoscope;
wherein the zoom mechanism maintains the center of the image constant and adjusts the position of

the endoscope so as to keep the center of the image constant.

The present invention also provides a system for controlling a camera, comprising a camera
adapted to provide real time images of a FOV, where the FOV characterizes a spatial location, and
the camera is characterized by a spatial location; a maneuvering system for maneuvering the
camera in at least two DOF; controlling means adapted to receive commands of motions to
maneuver the camera; a data processing system in communication with the control means, adapted

to instruct the maneuvering system to maneuver the camera according to the commands of motions;
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wherein the data processing system instructs the maneuvering system to mancuver the camera
according to the commands of motions relative to the spatial location of the FOV as displayed in

the real time image, without reference to the spatial location of the camera.

The system of the present invention can be used for discrete movements, for non-limiting example,
for repositioning an endoscope so that its FOV encompasses a different part of an organ. The
system of the present invention can also be used to continuous movement, such as, for non-limiting
example, continuously repositioning the endoscope tip to correct for movement caused by the
patient's breathing, thereby giving the surgeon to a steady view of the desired position within the
surgical field, independent of movements of the penetration point or movements of the laparoscope

relative to the penetration point.

The term 'camera' hereinafter refers to an image acquiring element. Examples of a camera

include, but are not limited to, a CCD array and an electromagnetic system such as a TV camera.

The term 'endoscope tip' hereinafter refers to the end of the endoscope that is inside the patient, the
lens-side tip of the endoscope. The camera is attached to the other side of the endoscope, outside of

the patient's abdomen.

The term 'uncommanded motion' hereinafter refers to motion that is not commanded by a user.
Examples of uncommanded motion are, but are not limited to, breathing by the patient, compaction
of the tissues against which the endoscope is resting, shifting of the tissues against which the

endoscope is resting, and creep in the endoscope maneuvering system.
The term 'constant' hereinafter refers to a non-varying, fixed in place and space element.

The term 'constant axis' hereinafter refers to a non-varying, predetermined, fixed in place and space
axis. According to a preferred embodiment of the present invention, the maneuvering system's axes
(refers hereinafter as x-axis, y-axis and z-axis) are constant and do not change all through the

procedure.

The terms 'FOVx-axis', 'FOVy-axis' and 'FOVz-axis' hereinafter refers to the axes of a 3
dimensional coordinate system fixed with respect to the camera and, therefore, the camera image.
The camera image is two dimensional, so that it will define the directions of two of the three axes

FOVx-axis, FOVy-axis and FOVz-axis, with the third axis being perpendicular to the other two.

The term "FOV coordinate system' to the 3 dimensional coordinate system defined by the FOVx-
axis, FOVy-axis and FOV-z axis.
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The term 'horizon' hereinafter refers to the line defining the edge of the field of view of a camera.
In a true camera pan, the edge of the field of view remains on the horizon of previous fields of

view.
The term 'field of view' (FOV) hereinafter refers to the field visible to the camera.

The term 'degree of freedom' (DOF) hereinafter refers to an independent parameter which defines
the configuration of the system. As a non-limiting example, in a system where motion can occur in

two perpendicular directions, the system has two DOF's.
The term 'about' hereinafter refers to approximately 10%.

The term 'screen' hereinafter refers to a device adapted to show movable images. 'Screen’ and

'video screen' will be used interchangeably herein.

The present invention is intended to provide an intuitive control system for an endoscopic apparatus
adapted for laparoscopic surgery. The surgery can be in the abdomen, it can be ENT surgery or
orthopedics and the surgery can be with or without an endoscope. In operations without an

endoscope, the maneuvering system can control the movement of a surgical tool.

Fig. 1 schematically illustrates, in an out-of-scale manner, a patient (1000) with an endoscope (100)
in the abdomen. The control and maneuvering system (102) for the endoscope is also shown. In
conventional endoscopic control systems, the axes (105) used by the endoscope (100) control
system to modify the position of the tip of the endoscope are fixed in space. If the body of the
patient (1000) is used as an exemplary referent, such that "left" is toward the patient's left,
"forward" is toward the patient's head and "up"” is in the direction of removal from the patient, and
similarly for "right", "back" and "down", then, if the surgeon commands a move to the "right", the
lens-side tip of the endoscope (the end inside the patient) will move towards the patient's right (120)
no matter what the orientation of the endoscope, thereby moving the center of the field of view
towards the patient's right (it should be noted that the external end of the endoscope, i.¢., the camera
side; will move to the left). In Figs. 1A and 1B, an image of the patient, with axes superimposed, is
the leftmost image in the figure, the image before the endoscope moves (130) is the central image
in the figure, while the image after the endoscope has moved (140) is the rightmost image in the

figure.

In the example shown in Figs. 1A and 1B, the image axes 105 show exemplary image axes, as
described above, superimposed for convenience on the head of the patient. Exemplary
maneuvering system axes 110 are shown superimposed for convenience superimposed on the

penetration point of the endoscope for the maneuvering system 102.
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For the system shown in Fig. 1, a movement of the maneuvering system along an axis moves the

internal (Iens-side) end of the endoscope in the direction of the axis.

In a conventional endoscopic control system, the control system does not know the relative
positions of the image axes and the maneuvering system axes. If the control system receives a
command to move, for example, right, the control system commands the meaneuvering system to
move right. However, the movement of the field of view can be in any direction, depending on the
relative orientations of the image axes and the maneuvering system axes. For example, if the image
axes (110) are parallel to the maneuvering system axes (105), as in Fig. 1A, then the center of the
field of view (FOV) will move in the same direction as the motion of the lens-side tip of the
endoscope (Fig. 1A, 130 and Fig. 1A, 140). However, if the image axes (110) are rotated 180°
relative to the maneuvering system axes (105), then the center of the field of view will move in the
opposite direction from the direction of motion of the lens-side endoscope tip (Fig. 1B, 130 and
Fig. 1B, 140). If the image axes are at some other angle relative to the maneuvering system axes,
the center of the field of view will move in yet another direction. Thus, in conventional systems,
the surgeon is forced to remember the relative angles of the two sets of axes in order to have the
endoscope tip move in a desired direction, and automatic retention unchanged of the field of view
in the face of uncommanded motions is virtually impossible, as corrective movement relative to the
image axes would move the endoscope according to the maneuvering system axes, resulting in

movement in an undesired direction.

In the system of the present invention, the image axes, not the maneuvering system axes, are used
as the control system axes, so that a command to move in the direction of the X axis moves the field
of view in the direction of the image X axis by moving the endoscope camera-side tip in the
direction of the image X axis, as shown in Fig. 1A. The manecuvering is, at all times, relative to the
camera image (FOV) axes, which change direction as the camera is manipulated, not the constant
maneuvering system axes. Therefore, in the system of the present invention, it is impossible for the
scenario shown in Fig 1B to occur, thus reducing the probability of operator error or wasted time
during the operation and making possible automatic retention unchanged of the field of view in the

face of uncommanded motions.

In reference to Figs. 2 and 3, an example is shown, for the present system of the relationship
between movement of the FOV and movement of the mancuvering system, Figs. 2A and B and
Figs. 3A and B illustrate the "screen side", showing the part of the organ 210 displayed on the
screen (dashed box 250) and, for clarity, the invisible parts of organ 210, while Figs. 2C and D and
Figs. 3C and D illustrate the "lens side", showing the organ 210 and the field of view of the lens
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(dotted box 260). In Figs. 2 and 3, the white star in the center of the object illustrates the center of
the image before mancuvering and the black star in the striped region of the object illustrates the
center of the image after maneuvering, while the dashed arrow indicates the direction of movement.
In both Figs 2 and 3, before maneuvering, the FOV displayed on the screen shows approximately
the center of the organ 210, with the center of the FOV marked by the white star, and the user

desires to see the end portion 215 of the organ 210, and to have the FOV centered on the black star.

In Fig. 2, the orientation of the camera and the orientation of the maneuvering system are the same,

while, in Fig. 3, the camera is inverted relative to the maneuvering system.

In Fig. 2A, the user desires to view the end 215 of the organ. Therefore, the user commands the
endoscope to move left (dotted arrow) in order to move the FOV from the center of the organ
(white star) to the end 215 of the organ. Figs. 2C and D indicate the manner in which this is carried
out. In Fig. 2C, the lens images (260) the center of the organ (white star). In order to move the
FOV to the end of the organ 215, the maneuvering system maneuvers the endoscope so as to move
the lens tip of the endoscope to the left (dotted arrow). After the maneuver, (Fig. 2D) the lens
images the end of the organ 215, with the image centered on the black star. Fig. 2B shows the
image as shown on the screen after the move. The end of the organ (215) is in the FOV and the

black star is at the center of the FOV.

In Fig. 3A, the camera axes are inverted relative to the maneuvering system axes. The user desires
to view the end 215 of the organ. Therefore, the user commands the endoscope to move right
(dotted arrow) in order to move the FOV from the center of the organ (white star) to the end 215 of
the organ. Figs. 3C and D indicate the manner in which this is carried out. In Fig. 3C, the lens
images (260) the center of the organ (white star). In order to move the FOV to the end of the organ
215, the maneuvering system maneuvers the endoscope so as to move the lens tip of the endoscope
to the left (dotted arrow). After the maneuver, (Fig. 3D) the lens images the end of the organ 215,
with the image centered on the black star. Fig. 3B shows the image as shown on the screen after

the move. The end of the organ (215) is in the FOV and the black star is at the center of the FOV.

Similarly, if the camera axes are rotated 90° clockwise relative to the maneuvering system axes, the
user will command a motion foward the top of the page in order to move the FOV from the center

of the organ to the end 215; the maneuvering system will move the lens tip to the /efz.

Figs. 4A-C show another view of the effects of rotating the camera relative to the maneuvering
system. In Figs. 4A-C, directions relative to the image seen on the screen are referred to by the

number 410, while directions relative to the maneuvering system are referred to by the number 420,
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In Fig. 4A, the FOV (camera) axes 410 and the maneuvering system axes 420 are aligned (0°
rotation with respect to each other), so that a command to move the FOV up (410, lefthand arrow
on top, in the direction of the star) will cause the maneuvering system to move the endoscope such
that the lens tip moves up (420, righthand arrow at top), and similarly for the other directions of

movement.

In Fig 4B, the FOV axes and the maneuvering system axes are perpendicular to each other (at 90°).
In this case, commanding the FOV to move up (410, lefthand arrow on top, in the direction of the
star) requires the maneuvering system to move left (420, righthand arrow at top) in order to

accomplish this, and similarly for the other directions of movement.

In Fig. 4C, the FOV axes and the maneuvering system axes are rotated 180° to each other. In this
case, commanding the FOV to move up (410, lefthand arrow on top, in the direction of the star)
requires the maneuvering system to move down (420, righthand arrow at top) in order to

accomplish this, and similarly for the other directions of movement.

It should be noted that, for this system, as shown in Figs. 2 to 4, the same physical movement of the
maneuvering system, to accomplish the same change in the position of the endoscope relative to the
patient's body (in this case, to the left) can be commanded by different commands (left, right, up or
down), depending on the orientation of the camera relative to the maneuvering system and the
patient's body. Physical reality does not depend on the orientation of the camera. However, the
perception of how to change the physical reality to achieve the desired result will depend on the

orientation of the camera.

In an embodiment of the system of the present invention, a control data processing system estimates
the position of the lens-side tip of the endoscope and its angular orientation, based on at least one of
(a) sensors in the system and (b) image analysis of the image of the field of view, and calculates the
motions of the endoscope necessary to enable the endoscope tip to move in the commanded
direction. Sensors in the system can be, but are not limited to, accelerometers, gyroscopic sensors,
or both. Fig. 5 illustrates a flow chart of an embodiment of a controlling means to enable the
system to move the field of view in the desired direction. When the user commands a motion, the
software determines the desired direction of motion (5010), relative to the displayed image (FOV
axes). The motion can be commanded by means exemplified by, but not limited to, vocal
commands, movement of a joystick, movement of a lever, pressure on a button, movement parallel
to a prepared surface, movement perpendicular to a prepared surface, entry of a command via a

keyboard, entry of a command via a touchscreen and any combination thereof. The data processing
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system then determines the center of the camera image (5020) and, if necessary, the objects in the
camera image are determined using an image processing system. The data processing system
determines the directions of the FOV axes relative to the maneuvering system axes, which are fixed
in space (5030). From the desired direction relative to the FOV axes, and the relative orientations
of the FOV axes and the maneuvering system axes, the direction relative to the maneuvering system
axes in which to move the endoscope tip is calculated (5040), and the endoscope tip is moved in the
calculated direction (5050). During motion, objects in the image (5060) are found and a
comparison made between their present location in the image and their location in a previous image
from which the direction of motion of the field relative to the FOV is found (5070) and checked as
to whether the center of the image is moving in the desired direction (5080). If necessary, the
direction of motion is recalculated (5040 — 5070). Checks are made whether more motion is

commanded (5090). If so, the cycle (5010 — 5090) repeats. If not, the cycle terminates.

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

Crror

In use, the endoscope pivots about a point on or near the surface of the skin of the skin of the
patient. This pivot point can move for many reasons, including movement of the patient's body due
to breathing, compaction of the tissues against which the endoscope is resting and shifting of the
tissues against which the endoscope is resting. Such motion causes motion of the FOV of the
endoscope and can also cause blurring of the image, both of which are undesirable. In preferred
embodiments of the present system the system corrects for such uncommanded motion. In
preferred embodiments of the system, the control data processing determines, either from sensors in

the system or from the camera image, whether uncommanded motion of the image has occurred.

According to another embodiment of the present invention, the system can inform the user of any

misalignment of the system.

Misalignment of the system may cause parasitic movement of the endoscope tip, where the
endoscope tip does not move exactly in the expected direction. According to one embodiment of
the system, the system comprises sensors (e.g., gyroscopes, accelometers and any combination

thereof) that calculate/estimate the position of the pivot point in real time in order to (a) inform the
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user of misalignment; or (b) calculate the misalignment so that the system can adjust its movement

to prevent parasitic movement.

In some embodiments of the system, the rotational angle of the camera with respect to the
endoscope is not fixed. In some variants of this embodiment, the camera need not be attached to or
placed in communication with the endoscope at a predetermined angle. In other variants, the
camera can rotate with respect to the endoscope's main longitudinal axis during use, thereby adding
another degree of freedom to the movement of the image. In conventional systems, the lack of a
predetermined rotational angle between the camera and the endoscope requires the surgeon to

remember the occurring angle for the duration of the procedure.

In conventional systems, rotation of the camera with respect to the endoscope's main longitudinal
axis during a procedure either requires the surgeon to correct the occurring angle "on the fly", in his
head during the procedure, or requires the operating assistant to manually rotate the camera

whenever necessary to return the camera to its initial angle.

With the system of the present invention, the initial angle and the changing angle due to rotation of
the camera with respect to the endoscope's main longitudinal axis are automatically corrected by the
system; for example, the surgeon or other operator will be unaware of the occurrence of rotations of

the camera with respect to the endoscope's main longitudinal axis.

In some embodiments of the system, the rotational angle of the endoscope with respect to the
maneuvering system is not fixed. In some variants of this embodiment, the endoscope can rotate

around its main longitudinal axis.

Thus, in conventional systems, the lack of a predetermined rotational angle between the endoscope
and the maneuvering system requires the surgeon to remember the occurring angle for the duration

of the procedure.

In conventional systems, rotation of the endoscope's axis with respect to the maneuvering system's
axes during a procedure either requires the surgeon to correct the occurring angle "on the fly", in
his head during the procedure, or requires the operating assistant to manually rotate the endoscope

whenever necessary to return the image to its initial angle.

With the system of the present invention, the initial angle and the changing angle due to rotation of
the endoscope with respect to the maneuvering system's axes are automatically corrected by the
system; for example, the surgeon or other operator will be unaware of the occurrence of rotations of

the endoscope.
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In preferred embodiments of the present system, the relationship between the maneuvering system
axes and the FOV's coordinate axes, as determined either by sensors or from the camera image, is

known and is updated in real time, so that the relationship is accurately known at all times.

The mathematical transformations which transform motion relative to one set of axes to motion

relative to another set of axes are well known in the art.

Since, as the camera moves, the relationship between the FOV coordinate system axes and the
maneuvering system axes is real-time updated, there is, at all times, a known transformation
between the FOV's coordinate axes and the maneuvering system's axes, such that motion relative to
the screen is accurately transformed, via the known relationship between the coordinate systems

and the known mathematical transformations, into motion of the maneuvering system.

Examples of such a mathematical transformation are given below for a position vector defining a
point in space in one Cartesian coordinate system to the position vector defining the same point in

space in a second Cartesian coordinate system rotated with respect to the first.

In two dimensions, if a first Cartesian coordinate system is rotated by an angle 6 with respect to the
first and the vector connecting the origins of the coordinate systems is given by (a,b), then a
position in space defined by the vector (x,y) in the first coordinate system is transformed into the
vector (X,Y) in the second coordinate system by the equations:

X=xcosO—ysinf—a

Y= xsinfB+ycosO—b

In three dimensions, if the second coordinate system is rotated by Euler angles , 6, y with respect
to the first and the vector connecting the origins of the coordinate systems is given by (a,b,c), then

the rotational transformation between (x,y,z) in the first coordinate system and (X,Y,Z) in the

second coordinate system is:

X=xcosOcosy+y(cos siny+sin sinBcosy)+z(sin siny—cos sinBcosy)—a
Y=-—xcosOsiny+y(cos cosw—sin sinfsiny)+z(sin cosy+cos sinfsiny)—b
Z=xsinf—-ysincosh+zcos cosH—-c

Many other such transformations are given in the art, including transformations between different
types of coordinate system, such as, for non limiting example, Cartesian-to-cylindrical and
Cartesian-to-polar,  Different embodiments of the present invention can use different such

mathematical transformations known in the art, and any such mathematical transformation can be
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used in embodiments fo the present invention. It is emphasized that the above mathematical
transformation is given as a mere example. Other transformations are known in the art and are

within the scope of the present invention.

In some embodiments of the system, the endoscope is rotated to keep the angle of the FOV (the
horizon) constant since the FOV of the endoscope will rotate as the endoscope moves (parasitic
horizon change). In these embodiments, the data processing system detects such rotations and
counter-rotates the endoscope so as to ensure that there is no uncommanded rotation of the image

(parasitic horizon change) seen by the user during motion of the endoscope.

In some embodiments, the order in which motions are made is chosen to minimize changes in the
angle of the FOV (the horizon). In many endoscopes, motions along fixed arcs are combined to
create an apparently smooth movement in a desired direction. In many embodiments, the design of
the mechanical parts that enable motion are such that the endoscope's axis will tilt and the
endoscope will rotate about its axis as the center of the endoscope body moves along the arc. For
such endoscopes, the order in which such motions are combined can affect the amount of rotation
of the FOV (the amount of change in the horizon) because motions beginning from different

starting points affect the tilt and the rotation differently.

In conventional endoscopic control systems, motion of the endoscope occurs at a single speed.
This speed as fairly fast so that the endoscope can be moved rapidly between locations that are well
separated. However, this means that making fine adjustments so difficult that fine adjustments are
normally not made. In an embodiment of the present invention, the speed of the tip of the
endoscope is automatically varied such that, the closer the endoscope tip is to an object, be it a tool,

an obstacle, or the object of interest, the more slowly it moves.

In some embodiments of the system of the present invention, the endoscope is an articulated
endoscope, incorporating one or more joints or bendable sections. An example of an articulated
endoscope is the Stryker Ideal Eyes™ HD articulating laparoscope. In an embodiment of the
system with articulated endoscope, motion of the articulations is controlled independently of the
data processing system controlling motion of the endoscope. The independent control can be either
manual, with a member of the surgical operating team repositioning the joints as needed, or the
independent control can be via a control system operating via a joystick, lever, button, vocal
commands, a touchscreen, typing commands into a keyboard, or other control means. In a
preferred embodiment, motion of the articulations is controlled as part of the data processing

system controlling motion of the endoscope, providing seamless control of the system and the
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maximum flexibility for the surgeon in positioning the endoscope to provide the optimum field of

view at any given stage in the operation.

In embodiments of the system which include an articulated endoscope, there can be different
configurations of the articulating endoscope that provide the same FOV at the same angle. An
illustrative example of different configurations is shown in Fig. 6, which schematically illustrates
an object (610) being viewed by an articulated endoscope. The two articulations are shown
separated for clarity. On the left in the figure, the endoscope has one articulation (620), while, on
the right, the endoscope has a different articulation (630), both providing a view of the object from

the same distance and at the same angle.

In some embodiments, the system is enabled to track the motion of an object in the field of view,
non-limiting examples of such an object being an organ, a tissue, at least a portion of a tool, tool's
tip and any combination thereof. In these embodiments, the object of interest will remain in the
center of the field of view, whatever motions are made by the body (for example, by breathing), or
by the motion of the endoscope, for example, by slippage against the penetration point or by

compression of the penetration point.

It should be noted that the system of the present invention can be used for discrete movements, for
non-limiting example, for repositioning an endoscope so that its FOV encompasses a different part
of an organ. The system of the present invention can also be used to continuous movement, such
as, for non-limiting example, continuously repositioning the endoscope tip to correct for movement
caused by the patient's breathing, thereby giving the surgeon to a steady view of the desired
position within the surgical field, independent of movements of the penetration point or movements

of the laparoscope relative to the penetration point.

It should be pointed out that the above disclosure relates to the use of the system with an endoscope
for medical use, especially for operations inside the human body. However, the system provided
above may also be adapted to use a camera, to observe objects of interest outside the body. In an
embodiment of the system for non-medical use, the camera is used to observe objects of interest.
As an illustrative example, such a maneuverable camera system can be used to observe animals
such as bears or beavers inside their dens, where the maneuverable system could be used by an
observer to track a given animal. Another illustrative use of such a system is to follow players on
the soccer field during a game. An illustrative example of a medical use outside the body would be
for physiotherapy, where more natural movement of a patient could be observed, by tracking the

patient as she moves about a room, with the patient being at most minimally aware of being
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observed. In such systems, the camera can be mounted directly to the maneuvering system; it can
be mounted on a tripod or other support system; or it can be mounted, as an endoscope is mounted,
at the end of a long, slender support, where said support can be rigid or can be flexible or

articulated.

In the foregoing description, embodiments of the invention, including preferred embodiments, have
been presented for the purpose of illustration and description. They are not intended to be
exhaustive or to limit the invention to the precise form disclosed. Obvious modifications or
variations are possible in light of the above teachings. The embodiments were chosen and described
to provide the best illustration of the principals of the invention and its practical application, and to
enable one of ordinary skill in the art to utilize the invention in various embodiments and with
various 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.
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CLAIMS:

1. A system for controlling an endoscope, comprising
a. an endoscope adapted to provide real time images of FOV within a body cavity; said
FOV defines at least two axes selected from a group consisting of FOVx-axis, FOVy-
axis and FOVz-axis and any combination thereof, such that at least two axes selected
from said FOVx-axis, said FOVy-axis, said FOVz-axis and any combination thereof are
adapted to be real time updated as said endoscope moves and said FOV changes; said
endoscope is characterized by a spatial location; said spatial location is real-time
updated as said endoscope moves;
b. a maneuvering system for mancuvering said endoscope in at least two DOF; said
maneuvering system defines a constant x-axis, a constant y-axis and a constant z-axis;
c. control means adapted to receive commands of motions from a user to maneuver said
endoscope; and
d. a data processing system in communication with said control means, adapted to instruct
said maneuvering system to maneuver said endoscope according to said commands of
motions;
wherein said data control means instructs said maneuvering system to maneuver said
endoscope according to said commands of motions relative to at least two axes selected from
said FOVx-axis, said FOVy-axis and said FOVz-axis and any combination thereof, as real
time displayed in said image, regardless of said spatial location of said endoscope and of said
x-axis, said y-axis and said z-axis as defined by said maneuvering system; further wherein
said data processing system is adapted to convert said commands of motions relative to at
least two axes selected from said FOVx-axis, said FOVy-axis, said FOVz-axis and any
combination thereof to commands of motions relative to said x-axis, said y-axis and said z-
axis, such that said maneuvering system is adapted to move said endoscope relative to said x-
axis, said y-axis and said z-axis to result in said motions as commanded relative to at least two
axes selected from said FOVx-axis, said FOVy-axis, FOVz-axis and any combination thereof.
2. The system according to claim 1, wherein said data control means instructs said maneuvering
system to mancuver said endoscope according to said commands of motions relative to at
least two axes selected from said FOVx-axis, said FOVy-axis and said FOVz-axis and any
combination thereof, as real time displayed in said image, regardless of the orientation of the

camera within said endoscope with respect to said endoscope.
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The system according to claim 1, wherein said data control means instructs said maneuvering
system to mancuver said endoscope according to said commands of motions relative to at
least two axes selected from said FOVx-axis, said FOVy-axis and said FOVz-axis and any
combination thereof, as real time displayed in said image, regardless of the angular orientation
of the camera within said endoscope with respect to said endoscope

The system according to claim 1, wherein said data control means instructs said maneuvering
system to mancuver said endoscope according to said commands of motions relative to at
least two axes selected from said FOVx-axis, said FOVy-axis and said FOVz-axis and any
combination thereof, as real time displayed in said image, regardless of the orientation of said
endoscope with respect to said maneuvering system.

The system according to claim 1, wherein said control means are adapted to receive
commands of motions to maneuver at least one surgical tool within said FOV.

The system according to claim 5, wherein said data control means instructs said maneuvering
system to maneuver said surgical tool according to said commands of motions relative to said
FOVx-axis, FOVy-axis, FOVz-axis, as real time displayed in said image, regardless of said x-
axis, said y-axis and said z-axis as defined by said maneuvering system; further wherein said
data processing system is adapted to convert said commands of motions relative to said
FOVx-axis, FOVy-axis, FOVz-axis to commands of motions relative to said x-axis, said y-
axis and said z-axis.

The system according to claim 1, wherein said control means comprises at least one joystick
unit in communication with said maneuvering system, adapted to operate said maneuvering
System.

The system according to claim 7, wherein said joystick unit is wearable by a user of said

System.

The system according to claim 7, wherein said joystick unit is coupled to at least one surgical

tool used in said medical procedure.
The system according to claim 7, wherein said at least one surgical tool is said endoscope.

The system according to claim 7, wherein said movement of said joystick is proportional to
said movement of said endoscope.

The system according to claim 7, wherein said joystick unit is a force joystick.

The system according to claim 7, wherein said joystick unit comprises a base and lever
coupled to said base, such that movement of said lever results in movement of said

endoscope; further wherein said movement of said lever is proportional to said movement of
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said endoscope.

The system according to claim 7, wherein said joystick unit comprises a base and a button
jointly connected to said base, such that movement of said button results in movement of said
endoscope; further wherein said movement of said button is proportional to said movement of
said endoscope.

The system according to claim 7, wherein said joystick unit comprises a touchscreen, such
that a touch and a movement on said touchscreen results in movement of said endoscope;
further wherein said touch and movement on said touchscreen is proportional to said
movement of said endoscope.

The system according to claim 5, wherein said joystick unit comprises at least one sound
sensor, adapted to sense predetermined sound patterns; said joystick unit adapted to operate
said maneuvering system based on said predetermined sound patterns.

The system according to claim 1, wherein said system directs said endoscope by using image

information shown on said video screen without said help of assistants.

The system according to claim 1, wherein, if said joystick unit’s speed of motion is above a
predetermined value, said endoscope’s speed is at said predetermined value.
The system according to claim 1, wherein said joystick unit additionally comprises » sensors,

where 7 18 an integer larger than one.

The system according to claim 19, wherein said sensors are selected from a group consisting
of a motion sensor, a heat sensor, an electric sensor, a sound sensor, a pressure sensor, an

optical sensor and any combination thereof.

The system according to claim 19, wherein at least one of said » sensors is activated in case of

power failure.

The system according to claim 19, wherein at least one of said » sensors is activated when

said system is connected to power.

The system according to claim 19, wherein said joystick unit is characterized by an external

surface.

The system according to claim 20, wherein said at least one motion sensor detects motion

upon said external surface.

The system according to claim 20, wherein said at least one motion sensor detects motion

perpendicular to said external surface.

38



WO 2013/132501 PCT/IL2013/050216

26. The system according to claim 19, wherein said at least one heat sensor is adapted to sense

temperatures in the range of about 35 to about 42 degrees.

27. The system according to claim 26, wherein said system is adapted to enable maneuvering of
said endoscope at such times as said at least one heat sensor senses temperatures in the range

of about 35 to about 42 degrees.

28. The system according to claim 26, wherein said at least one heat sensor is adapted to provide
thermal image; said at least one heat sensor is coupled to a processing unit adapted to provide

said system user with said thermal image.

29. The system according to claim 26, wherein said system is adapted to enable maneuvering of
said endoscope at such times as analysis of said image by said processing unit detects the
image of a human hand; further wherein said system is adapted to prevent mancuvering of
said endoscope at such times when said analysis of said image by said processing unit fails to

detect an image of a human hand.

30. The system according to claim 19, wherein said at least one electric sensor is adapted to sense

power failure.

31. The system according to claim 19, wherein said at least one electric sensor is adapted to sense

electric conductivity of a human body.

32. The system according to claim 31, wherein said system is adapted to enable maneuvering of
said endoscope at such times when said sensor senses the conductivity of said subject's body;
further wherein said system is adapted to prevent maneuvering of said endoscope at such

times as said sensor fails to sense the conductivity of said subject's body.

33. The system according to claim 19, wherein said at least one sound sensor is adapted to sense

at least one predetermined sound pattern.

34. The system according to claim 33, wherein said endoscope is maneuverable according to said

at least one predetermined sound pattern sensed by said at least one sound sensor.

35. The system according to claim 19, wherein said at least one pressure sensor is adapted to

sense pressure applied to said joystick unit.

36. The system according to claim 35, wherein said pressure sensed by said at least one pressure
sensor affects said maneuvering system in a manner selected from a group consisting of:
when said pressure sensed by said at least one pressure sensor is above a predetermined value,

said maneuvering system is activated; when said pressure sensed by said at least one pressure
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sensor is above a predetermined value, said maneuvering system is de-activated; and when
said pressure sensed by said at least one pressure sensor is below a predetermined value, said

maneuvering system is de-activated.

The system according to claim 19, wherein said at least one optical sensor is adapted to sense

visual changes according to at least one predetermined visual pattern.

The system according to claim 37, wherein said endoscope is maneuverable according to said

at least one predetermined visual pattern.

The system according to claim 1, additionally comprising an interface system adapted to

enable communication between said joystick unit and said maneuvering system.

The system according to claim 36, wherein said communication means comprises a member
selected from a group consisting of a wired communication means, a wireless communication

means and any combination thereof.

The system according to claim 1, wherein said maneuvering system comprises at least one

second joystick unit adapted to zoom the endoscope by means of said maneuvering system.

The system according to claim 41, wherein said second joystick unit is wearable by said

System user.

The system according to claim 41, wherein said second joystick unit is coupled to at least one

surgical tool.
The system according to claim 43, wherein said at least one surgical tool is said endoscope.

The system according to claim 41, wherein a single device comprises said joystick unit and

said second joystick unit.

The system according to claim 1, wherein said at least one joystick unit is adapted to control

and to direct said endoscope on said surgical tool via said maneuvering system.

The system according to claim 46, wherein selection of said at least one surgical tool is
obtained by activating said at least one joystick unit; further wherein the activation of said at
least one joystick unit is obtained by depression of said joystick unit, voice activating the
same, prolonged depression on the same, double clicking on the same and any combination

thereof.
The system according to claim 1, additionally comprising

a.  at least one wearable operator comprising at least one wireless transmitter, adapted to
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transmit a signal once said at least one wearable operator is activated; said at least one
wearable operator is either wire or wirelessly in communication with at least one

surgical instrument;
b.  atleast one wireless receiver; adapted to receive said signal sent by said transmitter;

c. at least one laparoscopy computerized system, in communication with said wireless
receiver, adapted to provide a visual onscreen depiction of said at least one instrument to

be selected following the activation of said at least one wearable operator; and,

d.  at least one video screen; wherein said system is adapted to control and to direct said
endoscope via said laparoscopy computerized system and said maneuvering system on
said instrument to be selected following the activation of said at least one wearable

operator.

The system according to claim 48, wherein said communication between said at least one of

said wearable operators and said instrument is either wire or wirelessly coupling.

The system according to claim 48, wherein said wearable operator is worn by said surgeon on

a predetermined body part.

The system according to claim 50, wherein said predetermined body part is selected from a
group consisting of: the hand of said surgeon, at least one of the fingers of said surgeon, the
thigh of said surgeon, the neck of said surgeon, at least one of the legs of said surgeon, the

knee of said surgeon, the head of said surgeon and any combination thereof.

The system according to claim 51, wherein the shape of said wearable operator is selected

from a group consisting of a ring, a bracelet and any combination thereof.

The system according to claim 48, wherein said wearable operator is coupled to a

predetermined location on said instrument by means of an adaptor.

The system according to claim 53, wherein said wearable operator is adjustable so as to fit
said predetermined location of said different instruments, each of which is characterized by a

different size and shape.

The system according to claim 48, wherein said wearable operator comprises a body having at
least two portions at least partially overlapping each other; said two portions are adapted to
grasp and hold either said instrument or said predetermined body part there-between, such
that a tight-fit coupling between said two portions and said instrument or said predetermined

body part is obtained.
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The system according to claim 55, wherein one of said two portions is rotationally movable
relative to the other, such that when said wearable operator is coupled to said instrument, fine-
tuned movement of said two body portions is obtainable so as to provide said tight-fit

coupling between said two portions and said instrument or said predetermined body part.

The system according to claim 55, wherein said two portions are rotationally movable relative
to each other, such that when said wearable operator is coupled to said instrument, fine-tuned
movement of said two body portions is obtainable so as to provide said tight-fit coupling

between said two portions and said instrument or said predetermined body part.

The system according to claim 48, wherein said wearable operator comprises (a) at least one
flexible and stretchable strip; and (b) loop-closing means adapted to close a loop with said at
least one flexible and stretchable strip; said at least one flexible and stretchable strip and said
loop-closing means are provided so as to fit said wearable operator to at least one selected
from a group consisting of (a) said predetermined location of said different instruments; (b)
said predetermined body part of said surgeon, each of which is characterized by a different

size and shape.

The system according to claim 58, wherein said flexible and stretchable strip is made of

material selected from a group consisting of silicone, rubber and any combination thereof.

The system according to claim 48, wherein said wireless transmitter is adapted to locate the

position of at least one of said instruments.

The system according to claim 48, wherein selection of said at least one instrument is
obtained by activating said at least one wearable operator; further wherein the activation of
said at least one wearable operator is obtained by depression on a predetermined location in
said wearable operator, voice activating the same, prolonged depression on the same, double

clicking on the same and any combination thereof.

The system according to claim 48, wherein said laparoscopy computerized system directs said
endoscope by using image information shown on said video screen without said help of

assistants.

The system according to claim 48, wherein said conventional laparoscopy computerized
system comprises at least one surgical instrument spatial location software, adapted to locate
the 3D spatial position of said at least one instrument; further wherein said conventional
laparoscopy computerized system comprises at least one automated assistant maneuvering

system; said automated assistant maneuvering system is coupled to said endoscope and is
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adapted to direct said endoscope to said at least one instrument, said instrument selected

following the activation of said at least one wearable operator.

The system according to claim 48, wherein each transmitted signal from said wearable

operator and said wireless transmitter is matched to at least one of said instruments.

The system according to claim 1, wherein velocity of said endoscope's tip varies according to
the closeness of said endoscope's tip to an object in the center of said FOV.

The system according to claim 65, wherein said velocity of the said endoscope's tip is
proportional to distance between said endoscope's tip and said object said center of said FOV.

The system according to claim 1, wherein said endoscope is an articulated endoscope.

The system according to claim 1, wherein articulation of said articulated endoscope is
controlled by said system.

The system according to claim 1, wherein articulation of said articulated endoscope is
controlled independently of said system.

The system according to claim 1, wherein said endoscope is characterized by a pivoting point.
The system according to claim 1, wherein said system automatically corrects for changes in
said pivoting point of said endoscope.

The system according to claim 1, wherein said control means is coupled to said endoscope
maneuvering system via a link selected from a group consisting of: a wired link, a wireless
link, and any combination thereof.

The system according to claim 1, wherein the system maintains the center of said FOV
unchanged during zooming, independent of the angle of said endoscope's tip with respect to
the longitudinal axis of said endoscope.

The system according to claim 1, wherein the system maintains the angle of said FOV
unchanged during zooming.

The system according to claim 1, wherein the system maintains the angle of said FOV
unchanged during lateral motion.

The system according to claim 1, wherein the angle of said endoscope's tip with respect to the
said longitudinal axis of said endoscope is not predetermined.

The system according to claim 1, wherein said control means is adapted to be worn in
conjunction with at least some portion of the body of a user.

The system according to claim 1, wherein said portion of the body is selected from the group
consisting of finger, arm, chest, head, neck, waist, hips, thighs, legs, and any combination

thereof.

43



WO 2013/132501 PCT/IL2013/050216

79. The system according to claim 1, wherein said system automatically maintains said image
unchanged by maneuvering said endoscope in response to uncommanded motion.

80. The system according to claim 1, wherein said system automatically maintains the horizon of
said image unchanged by maneuvering said endoscope in response to uncommanded motion.

81. The system according to claim 1, wherein said system automatically maintains the horizon of
said image unchanged during maneuvering of said endoscope.

82. The system according to claim 1, wherein said system is adapted to track an object.

83. The system according to claim 82, wherein said system is adapted to retain said object in the
center of the FOV of the camera.

84. The system according to claim 82, wherein said object is one of a group consisting of an
organ, a vein, an artery, a ligament, a membrane, fat tissue, a medical tool, a scalpel, a
forceps, a retractor, a swab, a clamp, and a needle.

85. The system according to claim 1 or claim 5, wherein said system is adapted to maneuver a
controlled object selected from a group consisting of said endoscope and said surgical tool in
a manner selected from a group consisting of a discrete movement, a continuous movement
and any combination thereof.

86. A method for controlling an endoscope comprising steps of:

a. acquiring an endoscope adapted to provide real time images of FOV within a body
cavity; said FOV defines at least two axes selected from a group consisting of FOVx-
axis, FOVy-axis and FOVz-axis and any combination thereof, such that at least two axes
selected from said FOVx-axis, said FOVy-axis, said FOVz-axis and any combination
thereof are adapted to be real time updated as said endoscope moves and said FOV
changes; said endoscope is characterized by a spatial location; said spatial location is
real-time updated as said endoscope moves;

b. acquiring a maneuvering system for maneuvering said endoscope in at least two DOF;
said maneuvering system defines a constant x-axis, a constant y-axis and a constant z-
axis;

c.  acquiring control means adapted to receive commands of motions from a user to
maneuver said endoscope;

d.  providing a data processing system in communication with said control means, adapted
to instruct said maneuvering system to mancuver said endoscope according to said
commands of motions;

e.  converting said commands of motion relative to said FOVx-axis, said FOVy-axis and

said FOVz-axis to commands of motions relative to said at least two axes selected from
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said FOVx-axis, said FOVy-axis and said FOVz-axis and any combination thereof, such
that said maneuvering system is adapted to move said endoscope relative to said at least
two axes selected from said FOVx-axis, said FOVy-axis and said FOVz-axis and any
combination thereof so as to result in said motions as commanded relative to said
FOVx-axis, said FOVy-axis and said FOVz-axis; and
f.  maneuvering said endoscope according to said commands of motions relative to said
FOVx-axis, said FOVy-axis and said FOVz-axis, as real time displayed in said image,
regardless of said spatial location of said endoscope and of said at least two axes
selected from said FOVx-axis, said FOVy-axis and said FOVz-axis and any
combination thereof as defined by said maneuvering system.
The method according to claim 86, additionally comprising a step of adapting said data
control means to instruct said maneuvering system to maneuver said endoscope according to
said commands of motions relative to at least two axes sclected from said FOVx-axis, said
FOVy-axis and said FOVz-axis and any combination thereof, as real time displayed in said
image, regardless of the orientation of the camera within said endoscope with respect to said
endoscope.
The method according to claim 86, additionally comprising a step of adapting said data
control means to instruct said maneuvering system to maneuver said endoscope according to
said commands of motions relative to at least two axes sclected from said FOVx-axis, said
FOVy-axis and said FOVz-axis and any combination thereof, as real time displayed in said
image, regardless of the angular orientation of the camera within said endoscope with respect
to said endoscope
The method according to claim 86, additionally comprising a step of adapting said data
control means to instruct said maneuvering system to maneuver said endoscope according to
said commands of motions relative to at least two axes sclected from said FOVx-axis, said
FOVy-axis and said FOVz-axis and any combination thereof, as real time displayed in said
image, regardless of the orientation of said endoscope with respect to said maneuvering
System.
The method according to claim 86, additionally comprising a step of adapting said control
means to receive commands of motions to maneuver at least one surgical tool within said
FOV.
The method according to claim 90, additionally comprising a step of providing said data
control means adapted to instruct said maneuvering system to maneuver said surgical tool

according to said commands of motions relative to said FOVx-axis, FOVy-axis, FOVz-axis,
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as real time displayed in said image, regardless of said x-axis, said y-axis and said z-axis as
defined by said maneuvering system; further wherein said data processing system is adapted
to convert said commands of motions relative to said FOVx-axis, FOVy-axis, FOVz-axis to
commands of motions relative to said x-axis, said y-axis and said z-axis.

The method according to claim 86, additionally comprising a step of providing said control
means comprising at least one joystick unit in communication with said maneuvering system,
adapted to operate said maneuvering system.

The method according to claim 92, additionally comprising a step of providing said joystick

unit wearable by a user of said system.

The method according to claim 92, additionally comprising a step of coupling said joystick

unit to at least one surgical tool used in said medical procedure.

The method according to claim 94, additionally comprising a step of selecting said at least

one surgical tool to be said endoscope.

The method according to claim 92, additionally comprising a step of controlling said
movement of said joystick such that said movement of said joystick is proportional to said
movement of said endoscope.

The method according to claim 92, additionally comprising a step of selecting said joystick
unit to be a force joystick.

The method according to claim 92, additionally comprising a step of selecting said joystick
unit comprising a base and lever coupled to said base, such that movement of said lever
results in movement of said endoscope; further wherein said movement of said lever is
proportional to said movement of said endoscope.

The method according to claim 92, additionally comprising a step of selecting said joystick
unit comprising a base and a button jointly connected to said base, such that movement of said
button results in movement of said endoscope; further wherein said movement of said button
is proportional to said movement of said endoscope.

The method according to claim 92, additionally comprising a step of selecting said joystick
unit comprising a touchscreen, such that a touch and a movement on said touchscreen results
in movement of said endoscope; further wherein said touch and movement on said
touchscreen is proportional to said movement of said endoscope.

The method according to claim 92, additionally comprising a step of selecting said joystick
unit comprising at least one sound sensor, adapted to sense predetermined sound patterns; said

joystick unit adapted to operate said maneuvering system based on said predetermined sound
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The method according to claim 86, additionally comprising a step of providing said system
adapted to direct said endoscope by using image information shown on said video screen

without said help of assistants.

The method according to claim 86, additionally comprising a step of, if said joystick unit’s
speed of motion is above a predetermined value, setting said endoscope’s speed to be at said
predetermined value.

The method according to claim 86, additionally comprising a step of providing said joystick

unit additionally comprising # sensors, where # is an integer larger than one.

The method according to claim 104, additionally comprising a step of selecting said sensors
from a group consisting of a motion sensor, a heat sensor, an electric sensor, a sound sensor, a

pressure sensor, an optical sensor and any combination thereof.

The method according to claim 104, additionally comprising a step of activating at least one

of said » sensors in case of power failure.

The method according to claim 104, additionally comprising a step of activating at least one

of said »n sensors when said system is connected to power.

The method according to claim 104, additionally comprising a step of characterizing said

joystick unit by an external surface.

The method according to claim 105, additionally comprising a step of adapting said at least

one motion sensor to detect motion upon said external surface.

The method according to claim 105, additionally comprising a step of adapting said at least

one motion sensor to detect motion perpendicular to said external surface.

The method according to claim 105, additionally comprising a step of adapting said at least

one heat sensor to sense temperatures in the range of about 35 to about 42 degrees.

The method according to claim 111, additionally comprising a step of adapting said system to
enable maneuvering of said endoscope at such times as said at least one heat sensor senses

temperatures in the range of about 35 to about 42 degrees.

The method according to claim 111, additionally comprising a step of adapting said at least
one heat sensor to provide thermal image; said at least one heat sensor is coupled to a

processing unit adapted to provide said system user with said thermal image.
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The method according to claim 111, additionally comprising a step of adapting said system to
enable maneuvering of said endoscope at such times as analysis of said image by said
processing unit detects the image of a human hand; further wherein said system is adapted to
prevent maneuvering of said endoscope at such times when said analysis of said image by

said processing unit fails to detect an image of a human hand.

The method according to claim 105, additionally comprising a step of adapting said at least

one electric sensor to sense power failure.

The method according to claim 105, additionally comprising a step of adapting said at least

one electric sensor to sense electric conductivity of a human body.

The method according to claim 116, additionally comprising a step of adapting said system to
enable maneuvering of said endoscope at such times when said sensor senses the conductivity
of said subject's body; further wherein said system is adapted to prevent maneuvering of said

endoscope at such times as said sensor fails to sense the conductivity of said subject's body.

The method according to claim 105, additionally comprising a step of adapting said at least

one sound sensor to sense at least one predetermined sound pattern.

The method according to claim 118, additionally comprising a step of maneuvering said
endoscope according to said at least one predetermined sound pattern sensed by said at least

one sound sensor.

The method according to claim 105, additionally comprising a step of adapting said at least

one pressure sensor to sense pressure applied to said joystick unit.

The method according to claim 120, additionally comprising a step of affecting said
maneuvering system in response to said pressure sensed by said at least one pressure sensor in
a manner selected from a group consisting of: when said pressure sensed by said at least one
pressure sensor is above a predetermined value, said maneuvering system is activated; when
said pressure sensed by said at least one pressure sensor is above a predetermined value, said
maneuvering system is de-activated; and when said pressure sensed by said at least one

pressure sensor is below a predetermined value, said maneuvering system is de-activated.

The method according to claim 105, additionally comprising a step of adapting said at least
one optical sensor to sense visual changes according to at least one predetermined visual

pattern.
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The method according to claim 122, additionally comprising a step of maneuvering said

endoscope according to said at least one predetermined visual pattern.

The method according to claim 86, additionally comprising a step of providing an interface
system adapted to enable communication between said joystick unit and said maneuvering

System.

The method according to claim 124, additionally comprising a step of providing said
communication means comprising a member selected from a group consisting of a wired

communication means, a wireless communication means and any combination thereof.

The method according to claim 86, additionally comprising a step of providing said
maneuvering system comprising at least one second joystick unit adapted to zoom the

endoscope by means of said maneuvering system.

The method according to claim 126, additionally comprising a step of providing said second

joystick unit wearable by said system user.

The method according to claim 126, additionally comprising a step of coupling said second

joystick unit to at least one surgical tool.

The method according to claim 128, additionally comprising a step of selecting said at least

one surgical tool to be said endoscope.

The method according to claim 126, additionally comprising a step of providing a single

device comprising said joystick unit and said second joystick unit.

The method according to claim 86, additionally comprising a step of adapting said at least one
joystick unit to control and to direct said endoscope on said surgical tool via said maneuvering

System.

The method according to claim 131, additionally comprising a step of selecting said at least
one surgical tool by activating said at least one joystick unit; further wherein said activation of
said at least one joystick unit is obtained by depression of said joystick unit, voice activating
the same, prolonged depression on the same, double clicking on the same and any

combination thereof.
The method according to claim 86, additionally comprising a step of providing

a.  at least one wearable operator comprising at least one wireless transmitter, adapted to

transmit a signal once said at least one wearable operator is activated; said at least one
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wearable operator is either wire or wirelessly in communication with at least one

surgical instrument;
b.  atleast one wireless receiver; adapted to receive said signal sent by said transmitter;

c. at least one laparoscopy computerized system, in communication with said wireless
receiver, adapted to provide a visual onscreen depiction of said at least one instrument to

be selected following the activation of said at least one wearable operator; and,

d.  at least one video screen; wherein said system is adapted to control and to direct said
endoscope via said laparoscopy computerized system and said maneuvering system on
said instrument to be selected following the activation of said at least one wearable

operator.

The method according to claim 133, additionally comprising a step of providing said
communication between said at least one of said wearable operators and said instrument to be

either wired or wireless coupling.

The method according to claim 133, additionally comprising a step of providing said wearable

operator to be worn by said surgeon on a predetermined body part.

The method according to claim 135, additionally comprising a step of selecting said
predetermined body part from a group consisting of: the hand of said surgeon, at least one of
the fingers of said surgeon, the thigh of said surgeon, the neck of said surgeon, at least one of
the legs of said surgeon, the knee of said surgeon, the head of said surgeon and any

combination thereof.

The method according to claim 136, additionally comprising a step of selecting the shape of
said wearable operator from a group consisting of a ring, a bracelet and any combination

thereof.

The method according to claim 137, additionally comprising a step of coupling said wearable

operator to a predetermined location on said instrument by means of an adaptor.

The method according to claim 138, additionally comprising a step of adjusting said wearable
operator so as to fit said predetermined location of said different instruments, each of which is

characterized by a different size and shape.

The method according to claim 133, additionally comprising a step of providing said wearable
operator comprising a body having at least two portions at least partially overlapping each

other; said two portions are adapted to grasp and hold either said instrument or said
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predetermined body part there-between, such that a tight-fit coupling between said two

portions and said instrument or said predetermined body part is obtained.

The method according to claim 140, additionally comprising a step of providing one of said
two portions rotationally movable relative to the other, such that when said wearable operator
is coupled to said instrument, fine-tuned movement of said two body portions is obtainable so
as to provide said tight-fit coupling between said two portions and said instrument or said

predetermined body part.

The method according to claim 140, additionally comprising a step of providing said two
portions rotationally movable relative to each other, such that when said wearable operator is
coupled to said instrument, fine-tuned movement of said two body portions is obtainable so as
to provide said tight-fit coupling between said two portions and said instrument or said

predetermined body part.

The method according to claim 133, additionally comprising a step of providing said wearable
operator comprising (a) at least one flexible and stretchable strip; and (b) loop-closing means
adapted to close a loop with said at least one flexible and stretchable strip; said at least one
flexible and stretchable strip and said loop-closing means are provided so as to fit said
wearable operator to at least one selected from a group consisting of (a) said predetermined
location of said different instruments; (b) said predetermined body part of said surgeon, each

of which is characterized by a different size and shape.

The method according to claim 143, additionally comprising a step of making said flexible
and stretchable strip of material selected from a group consisting of silicone, rubber and any

combination thereof.

The method according to claim 133, additionally comprising a step of adapting said wireless

transmitter to locate the position of at least one of said instruments.

The method according to claim 133, additionally comprising a step of selecting said at least
one instrument by activating said at least one wearable operator; further wherein the
activation of said at least one wearable operator is obtained by depression on a predetermined
location in said wearable operator, voice activating the same, prolonged depression on the

same, double clicking on the same and any combination thereof.

The method according to claim 133, additionally comprising a step of said laparoscopy
computerized system using image information shown on said video screen to direct said

endoscope without said help of assistants.
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The method according to claim 133, additionally comprising a step of providing said
conventional laparoscopy computerized system comprising at least one surgical instrument
spatial location software, adapted to locate the 3D spatial position of said at least one
instrument; further wherein said conventional laparoscopy computerized system comprises at
least one automated assistant maneuvering system; said automated assistant maneuvering
system is coupled to said endoscope and is adapted to direct said endoscope to said at least
one instrument, said instrument selected following the activation of said at least one wearable

operator.

The method according to claim 133, additionally comprising a step of matching each
transmitted signal from said wearable operator and said wireless transmitter to at least one of

said instruments.

The method according to claim 86, additionally comprising a step of varying velocity of said
endoscope's tip according to the closeness of the endoscope tip to the object in the center of
the field of view of the camera.

The method according to claim 86, additionally comprising a step of setting velocity of said
endoscope's tip proportional to the distance between said endoscope's tip and the object in the
center of said FOV.

The method according to claim 86, additionally comprising a step of selecting said endoscope
to be an articulated endoscope.

The method according to claim 86, additionally comprising a step of controlling articulation
of said articulated endoscope by said system.

The method according to claim 86, additionally comprising a step of controlling articulation
of said articulated endoscope independently of said system.

The method according to claim 86, additionally comprising a step of characterizing said
endoscope by a pivoting point.

The method according to claim 86, additionally comprising a step of adapting said system to
correct automatically for changes in said pivoting point of said endoscope.

The method according to claim 86, additionally comprising a step of coupling said control
means to said endoscope maneuvering system via a link selected from a group consisting of: a
wired link, a wireless link, and any combination thereof.

The method according to claim 86, additionally comprising a step of adapting the system to
maintain the center of said FOV unchanged during zooming, independent of the angle of said

endoscope's tip with respect to the longitudinal axis of said endoscope.
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The method according to claim 86, additionally comprising a step of adapting the system to
maintain the angle of said FOV unchanged during zooming.

The method according to claim 86, additionally comprising a step of adapting the system to
maintain the angle of said FOV unchanged during lateral motion.

The method according to claim 86, additionally comprising a step of adapting the system such
that the angle of said endoscope's tip with respect to the said longitudinal axis of said
endoscope is not predetermined.

The method according to claim 86, additionally comprising a step of adapting said control
means to be worn in conjunction with at least some portion of the body of a user.

The method according to claim 86, additionally comprising a step of selecting said portion of
the body from the group consisting of finger, arm, chest, head, neck, waist, hips, thighs, legs,
and any combination thereof.

The method according to claim 86, additionally comprising a step of adapting said system to
automatically maintain said image unchanged by maneuvering said endoscope in response to
uncommanded motion.

The method according to claim 86, additionally comprising a step of adapting said system to
automatically maintain the horizon of said image unchanged by maneuvering said endoscope
in response to uncommanded motion.

The method according to claim 86, additionally comprising a step of adapting said system to
automatically maintain the horizon of said image unchanged during maneuvering of said
endoscope.

The method according to claim 86, additionally comprising a step of adapting said system to
track an object.

The method according to claim 167, additionally comprising a step of adapting said system to
retain said object in the center of said FOV.

The method according to claim 167, additionally comprising a step of selecting said object
from a group consisting of an organ, a vein, an artery, a ligament, a membrane, fat tissue, a
medical tool, a scalpel, a forceps, a retractor, a swab, a clamp, and a needle.

The method according to claim 86 or claim 90, additionally comprising a step of adapting said
system to maneuver a controlled object selected from a group consisting of said endoscope
and said surgical tool in a manner selected from a group consisting of a discrete movement, a

continuous movement and any combination thereof.

53



WO 2013/132501 PCT/IL2013/050216
1/7

Figure 1B

SUBSTITUTE SHEET (RULE 26)



PCT/IL2013/050216

WO 2013/132501

2/7

.
T A
- R N U SO .
{
e o
e et
= -
S, g
wwwwwwww -
Fi '
igure 2B
g -
se8 S 210
52 ‘E W /‘/‘ s
srERsssndans asf o &
: ST, e e :
: o W ® e - ww‘m~m§;~w \\\\\ i
a 24 \K. _w-" k ::
® s . {
= i - I
% % e N
. ® : 'Vﬁ\}},__‘»--\-«..,_&_"ﬁ ..’"’h it
P, * ’ T~ -
o ® > R FVN —
FRBTHRARXANG B E A

o o e
BB RE SRR 5y

Figure 2C Figure 2D

A

o
§ %’\ -
H ) it o
i o Aponet N BREE
‘\V\ «"’"‘{“\a
B - s,

K B -«“/ ~§'
R R

Figure 3A

& ™ ®» o R £
B .

3 g 5

®

TR, WO 00000 T

LR i 2
N\“»\ -
£y o, o
FrRREFWEEETERE P

3
"

Figure 3D

Figure 3C

SUBSTITUTE SHEET (RULE 26)



WO 2013/132501 PCT/IL2013/050216
3/7

i
A

prss
Lo
H
{
#
i
2}
g
—
%,

i

~m.,
A

P
L

3
H
7

Figure 44

SUBSTITUTE SHEET (RULE 26)



WO 2013/132501 PCT/IL2013/050216
4/7

Figure 48

SUBSTITUTE SHEET (RULE 26)



WO 2013/132501 PCT/IL2013/050216
57

N
RN
R P
R £
R Loty

RS
&

&
Y R
RN N L
¥ 3
. § 31 5
3 3 *
N 3 hY
.3 "
-3 \
NS 5
- A 3
/E @ - sc‘ % o 'é’ %
&3‘ ¥ 3
\\\§ B
N

Figure 4C

SUBSTITUTE SHEET (RULE 26)



WO 2013/132501 PCT/IL2013/050216

6/7
e "\
zf%‘fam
~e, ,.J"
5010 ) )
AN . .
‘&-j Determing desired direction of movement relative to image |
8, - ot
5020 ¥
“a o e
1 Determine objects in image %
B!
5‘33’3\ ' ) ¥
i Determine axes for i age {FQ \a’axegs ]
L d
vér

el Calculate direction to move endoscope relative
o mansuvernng sysien axes

8080 “ v J
“\ﬁove @“dﬂ%m% 1 divection relative o man%\fermg system axes §
54080, i %
g ] .
* Determing 0&}; ects inn image
&..;,.\‘W Y ” :
SGY0 St ¥

Caloulate direction of motion of imags relative to FOV axes

5080 N

R o
o

No - ~enter of qu}‘é\

THVIDG in desi :’m -
\\\G‘{ﬁ‘cti{}”&? ol

\\ «‘
5000 % Tves
\\&
A Torg 9\“\ Yoy
N s's:evs::mmﬁ
M
No T
X
‘,/‘
{ Enﬁ}
\ 4

ANaaian

Figure 5

SUBSTITUTE SHEET (RULE 26)



WO 2013/132501 PCT/IL2013/050216
717

SUBSTITUTE SHEET (RULE 26)



INTERNATIONAL SEARCH REPORT

International application No.
PCT/IL13/50216

A. CLASSIFICATION OF SUBJECT MATTER

USPC - 345/424, 420, 619, 581, 419; 382/128; 414/7; 600/101, 1

IPC(8) - A61B 1/00, 1/04, 5/05; B25J 3/00, 13/08, 19/02; GO6K 9/00; GO6T 15/00, 17/00; GO9G 5/00 (2013.01)

17,118, 424, 425

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by ¢l

USPC: 345/424, 420, 619, 581, 419; 382/128; 414/7; 600/101, 117, 1

lassification symbols)

IPC(8): A61B 1/00, 1/04, 5/05; B25J 3/00, 13/08, 19/02; GO6K 9/00; GO6T 15/00, 17/00; GO9G 5/00 (2013.01)

18, 424, 425

s

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name'of

data base and, where practicable, search terms used)

MicroPatent (US-G, US-A, EP-A, EP-B, WO, JP-bib, DE-C,B, DE-A, DE-T, DE-U, GB-A, FR-A); Google/Google Scholar; DialogPro;
Pubmed/Medline: user, surgeon, motion, movement, control, steer, guide, endoscope, laparoscope, camera, image, or video, wear/worn,.
heat, x-axis, y-axis, z-axis, axes, longitudinal, horizon/horizontal, degrees of freedom, electric, pressure, sensors, articulate, joystick

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category*

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

{0037}, [0060], [0066), [0085], [0135]-[0144], [0154]

WO 2006/039646 A2 (BANIK, MS et al.) Apﬁl 13, 2006;
lines 23-95; page 19, lines 14-21; page 23, lines 1-4

US 5911036 A (WRIGHT, J et al.) June 8, 1999; figures
lines 1-42, 60-67; column 6, lines 3-14

B

US 2011/0118748 A1 (ITKOWITZ, B) May 19, 2011; figures 1a-1b, 3a, 6b; paragraphs [0010],

US 2006/0142657 A1 (QUAID, A et al.) June 29, 2006; figures 1, 3; paragraphs [0009],
[0094]-{0095), {0108]-[0109], [0116])-[0120], [0130]-[0135], [0150], [0168], [0186]-[0188], [0203]

1-6, 48-58, 86-91,
133-143

7,13, 18-20, 26-29,
31-32, 59, 67-71, 92, 98,
103-105, 111-114,
116-117, 144, 152-156

7,13, 18-20, 26-29,
31-32, 59, 67-71, 92, 98,
103-105, 111-114,
116-117, 144, 152-156

figure 4e, page 3, lines 20-24; page 15,

1-12, 14-17, 19-25, 30,
33-48, 60-66, 72-84,
85/1, 85/5, 86-97, 99-102,
104-110, 115, 118-133,
145-151, 157-169,
170/86, 170/90

1, 4-5; column 2, lines 24-67; column 4,

1-12, 14-17, 19-25, 30,
33-48, 60-66, 72-84,
85/1, 85/5, 86-97, 99-102,
104-110, 115, 118-133,
145-151, 157-169,
170/86, 170/90

IZ Further documents are listed in the continuation of Box C.

[

* Special categories of cited documents:

“A” document defining the general state of the art which is not considered
to be of particular relevance :

“E” earlier application or patent but published on or after the international
filing date

“L” document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

“0” document referring to an oral disclosure, use, exhibition or other
means

“P” document published prior to the international filing date but later than

the priority date claimed

later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

L

“X” document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered-to involve an inventive
step when the document is taken alone

“Y” document of particular relevance; the claimed invention cannot be
considered to -involve an inventive step when the document is
combined with one or more other such documents, such combination

being obvious to a person skilled in the art
“&” document member of the same patent family

Date of the actual completion of the international search

06 August 2013 (06.08.2013)

Date of mailing of the international search report

20AUG 2013

Name and mailing address of the ISA/US

Mail Stop PCT, Attn: ISA/US, Commissioner for Patents
P.O. Box 1450, Alexandria, Virginia 22313-1450

Facsimile No. 571-273-3201

Au_thorized officer:
Shane Thomas

PCT Helpdesk: 571-272-4300
PCT OSP: 571-272-7774

Form PCT/ISA/210 (second sheet) (July 2009)




INTERNATIONAL SEARCH REPORT

International application No.

PCT/IL13/50216

C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
E X WO 2013/042107 A1 (SHOLEV, M et al.) March 28, 2013; figures 10a-10b; page 67; pages 1-6, 86-91

100-117; pages 129-130 :
E, Y WO 2013/027203 A1 (SHOLEV, M et al.) February 28, 2013; figures 1-4; pages 29-34 7-18,91-103

Form PCT/ISA/210 (continuation of second sheet) (July 2009)




THMBW(EF)

[ i (S RIR) A ()
e (S IR) A (%)

HAT R E (TR AGE)

FRI& B A

RHA

IPCH &

CPCH¥=

L 54X

H AT SOk

S EREEEE

BEX)

BEATMBRERE

EP2822445A1 K (AE)B
EP2013757955 FER
M.S.TEXZARBERERAF

M.S.T.EE57 FARTECHNOLOGIES LTD.

M.S.T.E¥7 FRTECHNOLOGIES LTD.

ATAROT GAL
LEVINSON YARON

ATAROT, GAL
LEVINSON, YARON

patsnap

2015-01-14

2013-03-07

A61B1/00 A61B1/04 A61B5/05 B25J3/00 B25J13/08 B25J19/02 GO6K9/00 GO6T15/00 GO6T17/00

G09G5/00

A61B1/045 A61B1/00004 A61B1/00009 A61B1/00039 A61B1/00147 A61B34/35 A61B90/37 A61B2017
/00026 A61B2017/00075 A61B2017/00084 A61B2034/2048 A61B2034/741 A61B2034/742 B25J13/08

B25J19/021

61/607661 2012-03-07 US
EP2822445A4

Espacenet

AEARE-—TTATRENFENRS , 83 2. NHEE , ETERRE
AIREFOVH SERT B &, FTRFOVIE X FOVxH , FOVyHIFMFOVzH |, b
ATRAFMRARENRIARE FIRIRARGEE XS , vy, E |, 25,
C, EHIRE , ETEUCREAFNIERS ARIFIRAFT S, Fd, 5
FrRiEFEBBEENHELERS , ETRERAREBRARSERENRZ
S BRAFTR NEE, H PR SiE R S KB RIEFTR AN F AR
FOVxH , FTRFOVYH# M FTRFOVZEHE 3 fn 5 18 RATRIR N R GBI
FIRAEE , MAERMRXH , FORyHFFTRZEH, - HATRBRAREE

MEYH o


https://share-analytics.zhihuiya.com/view/0ab19b9b-6002-45ce-aa0a-9a181bd82844
https://worldwide.espacenet.com/patent/search/family/049116039/publication/EP2822445A1?q=EP2822445A1

