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CAMERA CONTROL SYSTEM AND METHOD

BACKGROUND

1. Field of the Invention

[0001] The present invention relates generally to an automatically controlled camera
and, more specifically, to an autonomously controlled camera that is context adaptive.

2. Description of Related Art

[0002] Camera systems are in widespread use in various workspaces. These
camera systems are used, for example, to record and document a procedure being
performed for review and monitoring after the procedure, or to visualize a procedure
concurrent with the performance of the procedure. One type of field in which camera use is
widespread is the field of medical procedures.

[0003] Camera use in medical procedures commonly involves manipulating a camera
to record and document the procedure being performed, as well as providing visualization of
a surgical site that is other wise obscured, such as minimally invasive surgical procedures.
One type of minimally invasive surgery is laparoscopy, where surgical tools are inserted into
a patient’s body cavity through small incisions near the target area for surgery. These small
incisions are large enough to allow the surgical tool to be inserted, but not large enough to
allow for the surgeon to directly view the surgical site. Accordingly, a camera is also inserted
into the surgical site, either through an additional small incision or endoscopically through an
orifice in the patient’s body and through the body toward the surgical site.

[0004] However, viewing the surgical site through the camera involves manipulation
of the camera manually by the surgeon performing the procedure. Alternatively, manipulation
of the camera can be performed by another person acting as the camera operator. The
camera operator may take direction from the surgeon, or may move the camera manually

without instruction by the surgeon. Robotic cameras are used in some procedures, but the
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robots also require manipulation by a surgeon or another user to receive instructions on
where and how to operate.

[0005] However, in each of these situations, manipulation of the camera is inefficient.
The surgeon needs to pause the procedure to move the camera to the desired view every
time a new view is desired. Or, the surgeon needs to issue commands to the operator who
needs to receive the commands and move the camera to the desired location based on the
surgeon’s instructions. This may require additional manipulation if the operator does not
move the camera to a location suitable to the surgeon. In issuing commands, the surgeon
has to direct his attention away from the procedure. If the operator moves the camera
independently of the surgeon’s commands, the operator may move the camera to an
undesired location, thereby requiring correction at the direction of the surgeon.

[0006] Furthermore, due to the inefficiency of having to stop a procedure to move the
camera, a surgeon may choose to continue a procedure using a suboptimal camera angle
rather than pause to move the camera. Operating with a suboptimal camera angle can also
lead to inefficiencies or inaccuracies, ultimately requiring movement anyway, or repeated
attempts of the procedure.

[0007] Accordingly, improvements can be made to the control of cameras in surgical

procedures and other procedures where camera use is beneficial.

SUMMARY

[0008] A system for automatically controlling a camera is provided. The system
includes a controller in the form of a computing device including a processor and a computer
readable medium having instructions stored thereon and a robotic mechanism operatively
coupled to the controller that receives commands from the controller for manipulating a
camera coupled to the robotic mechanism. The controller determines a task to be performed
based on first input parameters received at the controller. The controller automatically

determines a pre-determined control scheme corresponding to the determined task. The
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control scheme includes pre-determined rules for controlling the robotic mechanism. The
controller further receives second input parameters. The robotic mechanism automatically
performs at least one adjustment corresponding to the pre-determined rules in response to
the controller receiving second input parameters.

[0009] In another aspect of the invention, a method for automatically controlling the
movement of a camera is provided. The method includes the steps of receiving, at a
controller comprising a computer device having a processor and a computer readable
medium having instructions stored thereon, first input parameters; determining, at the
controller, a pre-defined task to be performed based on the input parameters; determining, at
the controller, a pre-defined control scheme corresponding to the task, wherein the pre-
defined control scheme includes a plurality of pre-defined rules; receiving, at the controller,
second input parameters; determining, at the controller, a movement command based on the
second input parameters, wherein the movement command corresponds to an individual rule
of the plurality of pre-defined rules, wherein the individual rule is determined based on the
second input parameters; and automatically moving a robotic mechanism in accordance with
the movement command.

[0010] Additional benefits and advantages of the present invention will become
apparent to those skilled in the art to which the present invention relates from the subsequent
description of the preferred embodiment and the appended claims, taken in conjunction with

the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] The accompanying drawings incorporated in and forming a part of the
specification illustrate several aspects of the present invention, and together with the

description serve to explain the principles of the invention. In the drawings:
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[0012] Figure 1 is a schematic view of a camera control system, including a

controller, a robot, a camera, a video monitor, and tools for performing a procedure;

[0013] Figure 2 is a schematic view of the one of the tools having detectable
elements;

[0014] Figure 3 is a flow chart illustrating the operation of one aspect of the system;
[0015] Figure 4 is a flow chart illustrating a portion of the operation of another aspect

of the system;

[0016] Figure 5 is a flow chart illustrating a portion of the operation of another aspect
of the system;

[0017] Figure 6 is a flow chart illustrating a portion of the operation of another aspect
of the system;

[0018] Figure 7 is a flow chart illustrating a portion of the operation of another aspect
of the system; and

[0019] Figure 8 is a schematic view illustrating a user focusing on an area of the

video monitor.

DESCRIPTION OF SPECIFIC EMBODIMENTS

[0020] Turning now to Figures 1-8, a system 10 for automating camera movement is
provided. With reference to Figure 1, the system 10 includes a camera 12 that is configured
to be adjusted in response to signals received from a controller 14. The controller 14
includes a computing device having a processor and a computer readable medium having
instructions stored thereon that, when executed by the computing device, cause the camera
12 to be adjusted.

[0021] The descriptions herein will be primarily directed to the use of a camera in a
surgical setting using medical devices. However, it will be appreciated that the described

system 10 can also be used in other non-surgical or non-medical settings where automatic
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camera control is desired, such as for mechanical repairs of automobiles, aircraft, or the like.
It can also be used in other remote applications such as underwater applications or in outer
space. It can be used for procedures involving the handling of chemicals or other hazardous
material where remote procedures are beneficial. Other applications will become apparent to
persons having skill in the art.

[0022] The camera 12 is adjustable in its position and orientation in response to
signals from the controller 14. For example, the camera 12 is adjustable along three
orthogonal axes, such as the X, Y, and Z axes. The camera 12 is further adjustable via
rotation about its longitudinal axis. The camera 12 is also adjustable via zooming in and out
to increase or decrease the camera’s field of view, as well as having an adjustable focus in
order to focus on objects both near and far from the camera, as desired.

[0023] Accordingly, the camera 12 is moveable in and out, side to side, up and down,
and around its longitudinal axis. The camera 12 is also adjustable while remaining
stationary, by zooming in and out and adjusting its focus. Simply put, the camera 12 is
capable of being manipulated in the same ways as manually adjustable camera.

[0024] The system 10 further includes a video monitor 16 that displays the field of
view of the camera 12. The monitor 16 will display the video outputs of the camera 12 via the
controller 14 to allow the user of the system 10 to watch as the camera 12 is adjusted to
modify the view. The monitor 16 can also display other information associated with the
camera 12 and its operating environment. The monitor 16 is also adjustable by the controller
14 to digitally zoom in addition to or as an alternative to the optical zooming capabilities of the
camera 12. The monitor 16 can further adjust the view to account for changes in the
“horizon” of the view. For example, if the camera 12 has rotated around its axis, the horizon
may appear at an angle or inverted relative to an expected horizon. Rather than adjust the
orientation of the camera 12 about its axis, the monitor 16 can digitally adjust the output to
correct for askew horizons. This can allow the user of the system 10 to be able to view the

worksite more naturally. For instance, as the camera 12 moves, the image that is output
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from the camera 12 could result in tools operated by the user’s right hand being on the left
side of the screen. This can be corrected by adjusting the image, so that the user’s
movement of tools up/down/left/right corresponds to what is displayed.

[0025] Movement of the camera 12 is preferably performed by a robot 20 that
receives commands from the controller 14. The camera 12 is affixed to the robot 20 in a
manner known in the art. One example of the robot is an existing surgical robot, such as
Intuitive Surgical’s da Vinci. Of course, any other robot 20 that provides sufficient control
over the position and orientation of the camera 12 can also be used.

[0026] The system 10 is usable to aid the user with his manipulation of his tools for
the selected procedure. Accordingly, the system 10 also includes one or more tools 40. It
will be appreciated that tools 40 can be in the form of a variety of tools for performing various
tasks and procedures. For example, in a surgical context, tools 40 can be in the form of
cutting tools, suturing tools, cauterizing tools, clipping tools, delivery devices, and the like.
More than one tool can be used during a particular task, and these tools may be referred to
generally as 40a, 40b, etc. In many cases, two tools 40 will be used, given that a typical
surgeon operates with two hands. However, more than two tools 40 could also be used in
certain instances, such as where a surgeon will leave a tool in place while working with
another tool, or in instances where multiple surgeons operate within the same workspace.
Different tools 40 can also be removed or introduced during the procedure.

[0027] The controller 14 will output signals or commands to the camera 12 via the
robot 20 to adjust the position and/or orientation of the camera 12. The signals or commands
are based on determinations made by the controller 14 according, in part, to inputs received
by the camera 12. In short, the view of the camera 12 and the images generated by the
camera 12 and received by the controller 14 will be analyzed by the controller 14 and
evaluated, and movement commands will be generated by the controller 14 based on the
algorithms stored therein. The camera 12, operated by the robot 20, will move in accordance

with the movement commands generated by the controller 14.
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[0028] The controller 14 is programmed with various predetermined commands for
operating the camera 12. The commands can include: move left, move right, move up, move
down, move in, move out, pan left/right/up/down, zoom in/out, tilt, rotate, and the like. These
commands can be performed alone or in combination with each other to provide a robust
ability to move and adjust the camera 12 as determined by the controller 14.

[0029] The selected combination of commands is determined based on the
programmed algorithms, which are predetermined based on research and studies regarding
user preference and need for various procedures. For example, a laparoscopic procedure to
remove a cyst may have a predetermined preference for the field of view of the tools 40
being used to remove the cyst. A procedure involving suturing may have a predetermined
field of view that is more narrow and focused on the suturing site. It will be appreciated that
various other procedures will have different needs and different preferred camera control
schemes.

[0030] The types of procedures that can be performed for which autonomous camera
control can be used are extensive. The procedures may also be referred to as subtasks.
Subtasks include, but are not limited to: suturing, knot tying, clipping, cutting, dissection,
exploration, insertion of a new tool, removal of a tool, stapling, specimen retrieval,
cauterizing, embolizing, suction, perfusion, and fluid delivery. Multiple subtasks can be
performed within a single surgery or overall task/procedure. Accordingly, these various
procedures can be generally referred to as tasks, and a task can have one or more subtasks.
[0031] Depending on the task or subtask being performed, the controller 14 will
determine the appropriate camera control scheme that corresponds to the subtask. There
are various camera control schemes programmed into the controller 14. The same camera
control scheme can be used for different subtasks, if the subtasks have similar preferred
camera control needs. Additionally, a particular subtask may have more than one camera
control scheme. In a preferred approach, each individual task or subtask will have an

individual control scheme that corresponds to the task or subtask.
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[0032] Before determining the appropriate camera control scheme, the controller 14
will determine the task or subtask being performed. The task or subtask being performed
can be determined in multiple ways. Generally, the task or subtask being performed is based
on received input parameters.

[0033] The user can manually input the subtask into the controller 14 via a user
interface, in one approach. This can be done via manual switch on the controller, by
selecting from a list on a graphical user interface, by voice control, or by any other known
manual input method. In this approach, the manual input is the input parameter that
determines the task or subtask.

[0034] In another approach, the task or subtask can be automatically determined by
the controller 14 by an algorithm programmed into the controller 14. In this approach, the
controller 14 will analyze various characteristics of the procedure, such as the tools 40 being
used, the surgeon performing the procedure, and/or the movements of the tools 40. In one
approach, the controller 14 will analyze the video output of the camera 12, which includes the
tools 40 in the field of view. The controller 14 will analyze the image using image analysis
software to determine the tools 40 that are being used. The controller 14 can additionally or
alternatively analyze areas of interest within the field of camera 12, such as particular organs
or diseased body parts. Accordingly, in this approach, the input parameters for determining
the subtask are the tools 40 or other objects within the field of view of the camera 12 that are
analyzed and determined by the controller 14. In this approach, the controller 14 can detect
multiple tasks that are performed in sequence, in accordance with tool changes or anatomical
changes as a result of a completed procedure.

[0035] Once the particular subtask has been determined by the controller 14, either
manually or automatically, the controller 14 will determine the camera control scheme to be
used. The camera control scheme associated with individual subtasks are optimized for the
subtask. The control schemes apply rules using various parameters to dictate when, where,

and how the camera is moved. For example, in a particular subtask, the camera may begin
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in a stationary position, and remain stationary for a set amount of time. It may subsequently
move forward toward the target site via the robot, at which point it will zoom out to increase
the field of view. It will be appreciated that various other types of camera movement can be
controlled according to various parameters.

[0036] The rules comprise the algorithm that will ultimately determine the commands
that are sent to the camera 12 via the robot to automatically control the movement of the
camera. It will be appreciated that the rules of the algorithm can be complex and include
various conditions and dependent conditions. In response to input parameters that are
received by the controller 14 via the camera 12, such as tool position or movement within the
field of view, the rules of the control scheme will be applied in accordance with the
programmed algorithm.

[0037] The parameters that determine how the camera is moved can be divided into
two groups: input parameters and movement parameters. Input parameters include, but are
not limited to, position and orientation of one or more tools 40. Position and orientation can
be determined as camera image coordinates, which is the position of the tools 40 within the
view of the camera, or as 3D world coordinates, which is the position of the tools 40
independent of the camera image, for example when the tools 40 are off-screen. Of course,
3D world coordinates can also be used while the tools 40 are on-screen.

[0038] Further input parameters include the position/orientation of one or more
points/regions/objects of interest. The points can be designated by the user or determined
automatically based on image processing or scene analysis performed by the controller 14.
For example, the controller 14 may analyze the image and determine the position of a
particular organ or body vessel. Or, the user can designate an object of interest manually via
a user interface.

[0039] Other input parameters include the insertion points of the tools 40, or the
status of one or more end-effector 45 of the tools 40. End effectors 45, illustrated

schematically in Figures 1 and 2, can include, for example, grasping claws, pincers, or other
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moveable elements, or activatable elements like an electrically activatable tip for heating or
cauterizing an incision, or a magnetic element, or a fluid delivery tip. It will be appreciated
that other end effectors 45 can be also used depending on the type of procedure. The status
of the end effectors 45 can be open, closed, activated, or the like.

[0040] In addition to the above described input parameters, the camera control
scheme applies rules using movement parameters as well. Movement parameters determine
how the camera 12 is moved. Some of the possible movement parameters include the
typical/maximum speed of the camera movement, the typical/maximum rate of zoom level
changes, the size of the dead zone, and input filtering parameters or delays before
movement. The controller 14 will analyze the movement parameters to determine, based on
the control scheme, the necessary movement command to arrive at the desired camera
position.

[0041] The camera control schemes apply rules based on the input parameters to
determine when and where to move or zoom the camera. For example, the camera 12 may
follow the end effector 45 of one of the tools 40 or the centroid of multiple tools 40. For
example, if the tool or tools 40 move to the left, the camera will move to the left, if desired
based on the subtask and the defined camera control scheme for that subtask. However, in
some control schemes for some tasks, the rule may instruct the camera 12 to remain
stationary. It will be appreciated that descriptions of camera movement can also include a
lack of movement or maintaining a particular position or orientation.

[0042] The zoom level may be controlled by the proximity of tools 40 to the camera or
the current state of activation of the end effectors. For example, if the tools 40 are close to
the camera 12, the camera 12 may zoom out in order to show more of the area surrounding
the tools 40 if desired depending on the determined camera control scheme. Alternatively, if
the tools 40 are relatively far away from the camera 12, the camera 12 may zoom in. Of
course, if desired according to the control scheme, the camera 12 may zoom in on tools 40

that close to the camera 12, or it may zoom out if the tools 40 are far from the camera. The

10



WO 2015/031777 PCT/US2014/053447

movement of the camera 12 will move as instructed by the rules of the control scheme based
on the relative proximity of the tools 40 to the camera 12.

[0043] In addition or alternatively to zooming, the camera 12 can also move in and
out to adjust the field of view. It can zoom out while moving in, or zoom in while moving out,
thereby keeping the size of the tools 40 in the field of view the same, but changing the
perspective of the surrounding area.

[0044] Other known camera movements are also possible, such as tilting or rotating.
[0045] The camera 12 may also remain focused on a defined or determined point of
interest depending on the control scheme while continuing to track the movement of the
instruments, if desired.

[0046] It will be appreciated that other possible rules for the camera control scheme
could also be implemented based on the needs of the associated subtask.

[0047] One example of implementing a basic camera control scheme and rules
based on input parameters received at the controller 14 is illustrated in Figure 3. The
controller 14 determines the task to be performed. Based on the determined subtask, the
controller 14 determines the camera control scheme that is associated with that subtask and
determines the rules associated with that camera control scheme. The controller 14
analyzes the types of tools 40 and the locations of the tools 40. Based on the rules of control
scheme corresponding to the determined tool characteristics, the controller 14 sends
movement signals to the camera 12 via the robot 20.

[0048] One or more rules of the control scheme can be applied, which is denoted by
element A in Figures 3-6, where element B indicates a return to the illustration of Figure 3.
Some exemplary rules are described below. It will be appreciated that various other rules for
controlling the camera 12 based on input parameters, such as tool characteristics or
environmental characteristics, can also be defined and programmed into the controller.
[0049] With reference to Figure 3, the controller 14 determines that two tools 40 are

in view. The controller analyzes the location of the tools 40 and determines a centroid of the
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tools 40. The controller 14 sends movement signals to the camera 12 via the robot 20,
instructing the camera 12 to pan and tilt to locate the centroid near the center of the camera’s
view.

[0050] To minimize extraneous movement of the camera 12, movement of the
camera 12 to track the centroid is not performed unless the centroid is sufficiently far from the
center of the camera’s view. For example, if the centroid is slightly to the left of center of the
view, the camera 12 will not move because the centroid is sufficiently close to the center of
the view such that the user can perform the desired subtask. But, if the centroid of the tools
40 is almost off the screen, the camera 12 will move to center the view of the camera on the
centroid of the tools 40.

[0051] With reference to Figure 4, the controller 14 will determine, in one aspect, the
location of the tips of the tools 40. If both of the tips of the tools 40 are near the center of the
view, the camera 12 will zoom in. When the tools 40 are each near the center of the view,
that can indicate, depending on the subtask, that the user is performing a precise
manipulation of the tools 40, thereby desiring a more detailed view. It can also mean that the
camera 12 is relatively far from the tools 40. Conversely, if both of the tool 40 tips are not
near the center but near the edge of the view, the camera 12 will zoom out. When the tools
40 are near the edge of the view, it can indicate that the tools 40 are too close to the camera
12, or it can indicate that the user is performing a procedure at points that are far away from
each other.

[0052] With reference to Figure 6, if one of the tools 40 leaves the view, the camera
12 will stop all movement of the camera 12. When the tool 40 leaves the view, this can
indicate that the procedure is over, or that the tool 40 is being removed from the target area
to be replaced by another tool 40. Of course, an alternative camera control scheme may
have rules that instruct the camera 12 to attempt to track the tool 40 that has left the view,
depending on the subtask. For example, the user may be moving the tool 40 to an area off

screen on purpose and desire that the camera 12 moves with it.
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[0053] As previously described above, the controller 14 may also implement horizon
correction in the event that camera 12 rotates according to the camera control scheme.
Whether or not horizon correction is implemented depends on the particular camera control
scheme determined to be used. The horizon can be manually entered via a user interface or
automatically determined based on the initial position of the tools 40 or the detected position
of the organs within the view. The horizon can also be determined based on the initial
position of the camera 12.

[0054] With reference to Figure 7, to determine whether horizon correction is
necessary, the current orientation of the camera 12 is determined. The orientation of the
camera 12 can be determined in multiple ways. The orientation of the camera 12 can be
determined based on kinematic feedback of the robot 20. For example, if the robot 20 has
moved or rotated in a certain way, the horizon will be corrected based on the degree to which
the robot moved. In another approach, the orientation of the camera 12 can be determined
based on an orientation sensor coupled to the camera 12. Additionally, or alternatively, the
orientation of the camera 12 can be determined based on image analysis of the video stream
provided by the camera 12.

[0055] After determining the orientation of the camera 12, the difference between the
current orientation and the desired orientation is analyzed. If the difference is greater than a
predetermined threshold level, then horizon correction will be performed. If the difference is
below the predetermined threshold level, then horizon correction is not performed, similar to
how camera movement will not occur when the tools 40 are relative close to the center of the
view in some camera control schemes. The predetermined threshold level for horizon
correction can vary depending on the determined camera control scheme of the determined
subtask.

[0056] After determining that horizon correction shall be performed, the horizon
correction can be performed in multiple ways. In one approach, if the robot 20 is capable of

rotating the camera 12 about its axis, then the robot will physically rotate the camera 12
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corresponding to the determined horizon misalignment. Additionally, or alternatively, the
controller 14 can use its software and programming to adjust the image that is displayed to
the user. This software based correction can be performed even when the camera is
physically rotated about all three orthogonal axes.

[0057] Horizon correction can be part of the determined camera control scheme.
Accordingly, in some control schemes, horizon correction may not be used. In some,
physical correction may be used. In others, software correction may be used.

[0058] The user may also override the automatic movement of the camera 12 if
desired. For instance, if the control scheme includes rules that move the camera 12 as
intended by the scheme, the user may wish to deviate from the rules of the control scheme in
the event of an unanticipated event, or in the event the user’s desires differ from the
determined control scheme.

[0059] Additionally, the controller 14 can learn from the user and adjust the camera
control scheme, or create a new camera control with modified rules based on the movements
of the user and/or any manual adjustments performed by the user.

[0060] As described above, the controller 14 applies the rules of the control scheme
based, in part, on input parameters such as the location, movement, and orientation of the
tools. Accordingly, with reference to Figure 2, the tools 40 preferably include one or more
detectable elements 48. The detectable elements 48 are configured to be easily identifiable
by controller 14 when viewed through the camera 12, or otherwise trackable by a 3D world
coordinate system. For example, the elements 48 could be one or more particular colors
indicating the type of tool 40 or the location of predetermined elements of the tool 40. For
example, a blue indicator could indicate a particular dissection or cutting tool 40. A red
indicator could indicate the distal tip of the tool 40 and a green indicator could indicate the
proximal end or another portion of the tool 40. The elements could be one or more shapes to
indicate different tools 40 or portions of tools. The elements could be a combination of colors

and shapes. The elements 48 could be in the form of a reflective material or a radiopaque
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material used alternatively or in addition to the above described colors and shapes. The
tools 40 could also be determined by the controller 14 based on their size, shape, and/or
profile when viewed by the camera 12, without the use of detectable elements, in some
cases.

[0061] The detectable elements 48 may also be in the form of magnets,
electromagnets, transmitters, or other elements that can be detected without analyzing the
image of the camera 12. These types of elements would cooperate with other detection
devices that are in communication with the controller 14, such as magnetic field detectors or
positioning receivers that receive a transmission from a transmitter. It will be appreciated that
other elements could be used to aid the controller 14 in determining the location of the tools
40 such that the controller 14 can analyze the position and types of tools 40 being used in
order to use these input parameters to determine the subtask and/or camera control scheme
or to apply the rules associated with the determined camera control scheme. The system 10
can also use infrared to track the tools 40.

[0062] In addition to tracking the tools 40 to ultimately determine how to control the
camera 12, the controller 14 can also monitor the movement and position of the user’s head
and/or eyes. The movement and position of the user’s head and/or eyes can indicate the
user is focusing on a particular area of the surgical site and, based on the control scheme,
may have a rule that instructs the camera 12 to pan and/or zoom in the direction of the user’s
focus. The screen of the monitor can include cross-hairs 17 to indicate to the user the
location of focus that the controller 14 is detecting.

[0063] The rules for the various camera control schemes that are associated with the
various possible subtasks are determined and programmed into the controller 14 based on
interviews and input from various potential users, such as expert surgeons with experience
using cameras as part of their procedures. Based on the responses of the surgeons,
preferred camera movements related to various input parameters are determined. For

example, for a suturing subtask, the surgeons indicate how they would prefer the camera
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operate for the subtask, whether it should zoom in response to particular tool placement, or
whether it should remain stationary at some times or pan or rotate. Based on the responses,
rules have been programmed to adjust the camera when certain input parameters are
satisfied.

[0064] These determinations and rules can be applied to a wide variety of both
medical and non-medical procedures where direct visualization is impaired, as well as
procedures where direct visualization is possible, if desired. For example, it may be
desirable to document a procedure for later review. The automatic control of the camera 12
based on the determined subtasks and camera control scheme increases the efficiency and
effectiveness of the operator by reducing the operator's need to control camera.

[0065] The features of the subject matter of this case as set forth in the herein above
description, the patent claims, the summary, and the drawings, can be important individually
or in desired combinations with one another in order to realize the invention in its various
forms.

[0066] The present invention is, of course, in no way restricted to the specific
disclosure of the specification and drawings, but also encompasses any modifications within
the scope of the appended claims. The foregoing description of various embodiments of the
invention has been presented for purposes of illustration and description. It is not intended to
be exhaustive or to limit the invention to the precise embodiments disclosed. Numerous
modifications or variations are possible in light of the above teachings. The embodiments
discussed were chosen and described to provide the best illustration of the principles of the
invention and its practical application to thereby 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 to which they are fairly, legally, and equitably entitled.
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CLAIMS

What is claimed is:
1. A system for automatically controlling a camera, the system comprising:

a controller in the form of a computing device including a processor and a computer
readable medium having instructions stored thereon;

a robotic mechanism operatively coupled to the controller that receives commands
from the controller for manipulating a camera coupled to the robotic mechanism;

wherein the controller determines a task to be performed based on first input
parameters received at the controller;

wherein the controller automatically determines a pre-determined control scheme
corresponding to the determined task;

wherein the control scheme includes pre-determined rules for controlling the robotic
mechanism;

wherein the controller receives second input parameters;

wherein the robotic mechanism automatically performs at least one adjustment
corresponding to the pre-determined rules in response to the controller receiving second

input parameters.

2. The system of claim 1, wherein the first input parameters include a type of tool.

3. The system of claim 1, wherein the first input parameters include a type of procedure.
4, The system of claim 1, wherein the second input parameters are a movement of a
tool.

17
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5. The system of claim 1 further comprising a camera attached to the robotic
mechanism.
6. The system of claim 5, wherein the robotic mechanism automatically moves the

camera based on the second input parameters and the rules of the control scheme.

7. The system of claim 6, wherein the second input parameters include a position of a

tool within a field of view of the camera.

8. The system of claim 6, wherein the second input parameters include a position of an

area of interest within a field of view of the camera.

9. The system of claim 6, wherein the second input parameters include a position of a

horizon within a field of view of the camera.

10. A method for automatically controlling the movement of a camera, the method
comprising:

receiving, at a controller comprising a computer device having a processor and a
computer readable medium having instructions stored thereon, first input parameters;

determining, at the controller, a pre-defined task to be performed based on the input
parameters;

determining, at the controller, a pre-defined control scheme corresponding to the task,
wherein the pre-defined control scheme includes a plurality of pre-defined rules;

receiving, at the controller, second input parameters;

determining, at the controller, a movement command based on the second input

parameters, wherein the movement command corresponds to an individual rule of the
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plurality of pre-defined rules, wherein the individual rule is determined based on the second
input parameters; and
automatically moving a robotic mechanism in accordance with the movement

command.

11. The method of claim 10 further comprising receiving, at the controller, a video image

from a camera attached to the robotic mechanism.

12. The method of claim 10, wherein the first input parameters are a pre-defined task.

13. The method of claim 11, wherein the first input parameters are a type of tool detected

by the controller via the video image.

14. The method of claim 11, wherein the second input parameters are a position of a tool

detected by the controller via the video image.

15. The method of claim 11 further comprising determining, at the controller via the video
image, that two tools are near the center of the video image and, in response thereto,

zooming in on the camera based on the rules of the control scheme.

16. The method of claim 11 further comprising determining, at the controller via the video

image, that two tools are near opposite edges of the video image and, in response thereto,

zooming out on the camera based on the rules of the control scheme.
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17. The method of claim 11 further comprising:
determining, at the controller via the video image, a centroid of two tools;
determining a position of the centroid within the video image and determining a
difference between the position of the centroid and the center of the video image;
determining that the difference exceeds a pre-determined level; and
moving the camera to position the centroid near the center of the image such that the

difference falls below the pre-determined level.

18. The method of claim 11, further comprising determining, by the controller via a video
image from the camera, that a tool is outside the field of view and, in response thereto,

stopping movement of the camera.

19. The method of claim 11 further comprising determining, by the controller via a video
image from the camera, that tools are moving within the field of view of the camera and

maintaining the view of the camera in accordance with the rules of the control scheme.

20. The method of claim 11 further comprising:
determining, by the controller, a desired horizon for the field of view of the camera;
determining, by the controller, the current horizon; and
adjusting the horizon of the field of the camera if the difference between the current

horizon and the desired horizon exceeds a predetermined threshold level.
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