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SURGICAL SYSTEM USER INTERFACE USING COOPERATIVELY-CONTROLLED
ROBOT

1. Technical Field

[0001] The ficld of the currently claimed cmbodiments of this invention rclates to
robotic systems, and more particularly to a surgical system user interface using cooperative control

robotic systems and robotic systems that include the user interface.
2. Discussion of Related Art

[0002] Surgeons and operating room staff interact directly with computer integrated
surgical equipment through pedals, physical knobs, touch panels, and occasionally through voice
commands. In most surgical scenarios, surgeons handle surgical instruments manually and may
not be able to directly change system parameters located on remote interfaces (e.g., touch panels)
due to sterility requirements or because their hands are occupied. Instead they communicate the
necessary settings to an assistant who adjusts the parameters as requested. This exchange adds to

operation time and can inadvertently cause harm to the patient if there is a miscommunication.

[0003] Additionally, for an efficient inspection of pre-operative surgical plans or
diagnostic images during the operation, a complex control interface such as a three degrees-of-

freedom (DOF) or six DOF joystick may be required.

[0004] The addition of complex surgical devices into the operating room introduces
more physical interfaces that compete for limited space. Minimizing the number of these

mterfaces is desirable.
SUMMARY

[0005] According to one aspect of the present invention, an object is to provide a
cooperatively controlled robot, comprising:

a robotic actuator assembly comprising a tool holder and a force sensor;

a control system adapted to communicate with said robotic actuator assembly and said
force sensor; and

an output system in communication with said control system,
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wherein said tool holder is configured to receive a tool to be manipulated by a user,

wherein said control system is configured to receive an instruction from a user to switch
from a robot control mode into a user interface control mode,

wherein said force sensor is configured to measure at least one of a force and a torque
applied to said tool by said user, and

wherein said control system, in said user interface control mode, is configured to receive
an indication of said at least one of a force and a torque applied to said tool by said user and
manipulate said output system based on said indication while disabling motion of said robot.

[0005a] According to another aspect of the present invention, an object is to provide a
surgical system user interface for a cooperatively controlled robot, comprising:

a control system adapted to communicate with a robotic actuator assembly and a force
sensor; and

an output system in communication with said control system,

wherein said control system is configured to receive an instruction from a user to switch
from a robot control mode into a user interface control mode, and

wherein said control system, in said user interface control mode, is configured to receive
from a force sensor an indication of at least one of a force and a torque applied to a tool by a
user and manipulate said output system based on said indication while disabling motion of said
robot.

[0006] Other possible aspect(s), object(s), embodiment(s), variant(s) and/or advantage(s)
of the present invention, all being preferred and/or optional, are briefly summarized
hereinbelow.

[0007] For example and according to some embodiments of the present invention, a
cooperatively controlled robot includes a robotic actuator assembly comprising a tool holder and
a force sensor, a control system adapted to communicate with the robotic actuator assembly and
the force sensor, and an output system in communication with the control system. The tool holder
is configured to receive a tool to be manipulated by a user. The control system is configured to
receive an instruction from a user to switch from a robot control mode into a user interface control
mode. The force sensor is configured to measure at least one of a force and a torque applied to
the tool, and the control system is configured to receive an indication of the at least one of a force

and a torque applied to the tool and manipulate the output system based on the indication.
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[0008] According to some embodiments of the present invention, a surgical
system user interface for a cooperatively controlled robot includes a control system adapted to
communicate with a robotic actuator assembly and a force sensor, and an output system in
communication with the control system. The control system is configured to receive an instruction
from a user to switch from a robot control mode into a user interface control mode, and the control
system is configured to receive from a force sensor an indication of at least one of a force and a

torque applied to a tool and manipulate the output system based on the indication.
BRIEF DESCRIPTION OF THE DRAWINGS

[0009] Further objectives and advantages will become apparent from a consideration

of the description, drawings, and examples.

[0010] Figure 1A is schematic illustration of a cooperatively-controlled robot

according to an embodiment of the invention;

[0011] Figure 1B shows a robotic actuator assembly including a force sensor and a
tool holder;
[0012] Figure 1C shows a schematic illustration of a tool according to an

embodiment of the invention;
[0013] Figure 2 shows a user interacting with the cooperatively controlled robot;

[0014] Figure 3 shows a flow diagram for a surgeon controlling the cooperatively

controlled robot according to an embodiment of the invention;
[0015] Figure 4 shows a commercial 3D SpaceNavigator (3Dconnexion, Inc.);

[0016] Figure 5 illustrates the relationship between the robot frame (FR) and the

surgeon’s body frame (¥,5);

[0017] Figure 6 illustrates how a torque may be applied about the tool’s z-axis to
cycle through a list of options; and

[0018] Figure 7 shows how the single axis selector can be generalized for
graphical menu navigation according to an embodiment of the invention.

3
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DETAILED DESCRIPTION
[0019] Some embodiments of the current invention are discussed in detail below. In
describing embodiments, specific terminology is employed for the sake of clarity. However, the
mvention is not intended to be limited to the specific terminology so selected. A person skilled in
the relevant art will recognize that other equivalent components can be employed and other
methods developed without departing from the broad concepts of the current invention. All
references cited anywhere in this specification, including the Background and Detailed

Description sections, may be consulted and referred to, if need may be.

[0020] Figure 1A is a schematic illustration of a cooperatively controlled robot
according to an embodiment of the invention. The cooperatively controlled robot 100 includes a
robotic actuator assembly 102 comprising a tool holder 106 and a force sensor 104, as shown in
Figure 1B. The cooperatively controlled robot 100 also includes a control system 108 adapted to
communicate with the robotic actuator assembly 102 and force sensor 104, and an output system

110 in communication with the control system 108. The tool holder 106 is configured to receive

3a
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a tool 112 to be held by a surgeon. In an embodiment, the tool holder 106 is configured to roll
(RL), tilt (T), and rotate (R), as shown in Figure 1A. Figure 1C shows a schematic illustration of
the tool 112. The control system 108 is configured to receive an instruction from a user to switch
from a robot control mode into a user interface control mode. The force sensor 104 is configured
to measure at least one of a force and a torque applied to the tool 112, and the control system 108
is configured to receive an indication of the at least one of a force and a torque applied to the tool
112 and manipulate the ouiput system 110 based on the indication. According to some
embodiments of the invention, the output system is a visual display system, an audio display

system, a microscope, a light source, or a second robotic actuator assembly.

[0021] The term “cooperative control” is intended to refer to a robotic system in
which the user interacts directly with at least a portion of the robotic actuator assembly so that
the robot effectively assists the user in performing certain operations. In this case, the user is
located in close proximity to the robotic actuator assembly. Figure 2 shows one possible
example in which the user 200 grabs a tool 202 that is attached to the robotic actuator assembly
204. The motion of the tool 202, for example, is then a result of cooperative actions by both the
user 200 and the robot. In an embodiment, the robotic actuator assembly 204 includes a base
260 and a cable carrier 270.

[0022] The cooperatively controlled robot and surgical system user interface
described herein allows for dual use of the robot. By halting the motion of the robot, the forces
applied by the surgeon on the tool handle can be interpreted as though the tool were a velocity or
position based multi-axis joystick. The general concept is similar to the finger joystick controller
mtegrated in the IBM ThinkPad. However, the input in the present system is also a surgical
instrument, and includes additional degrees of freedom. Additionally, the robot may provide
haptic feedback to the user, and the system may be combined with a variety of devices and

software applications.

[0023] The cooperatively controlled robot in the user interface mode may include
a velocity control mode, in which the numeric output (e.g., X, y velocity) used for surgical system
user interfaces changes proportionally to the force/torque applied to the tool. For example, a 2-D
mouse cursor can be manipulated on a 2-D plane by controlling the cursor’s x and y velocity with
2-D force exerted on the tool. This can be extended to any number of degrees of freedom. The

relationship between the force/torque and the numeric output may be linear, non-linear (e.g.,
4
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exponential), time-based, or context-based (e.g., having a low conversion factor when the cursor

is located above a widget, and a high conversion factor when it is off the widget.)

[0024] The cooperatively controlled robot in the user interface mode may allow
for position control, in which the numeric output {e.g., X, y position) used for surgical system user
interfaces is proportional to the force/torque applied to the tool. For example, the force/torque
applied to the tool is translated into an output position, such as a displacement from the origin.
Once the user releases the instrument (force/torque = 0), the position returns to origin. The
relationship between the force/torque and the numeric output could be linear, non-linear (e.g.,
exponential), time-based, or context-based (e.g., having a low conversion factor when the cursor

is located above a widget, and a high conversion factor when it is off the widget.)

[0025] The cooperatively controlled robot in the user interface mode may act as a
single axis selector. In this mode the position or velocity control methods described above may
be applied to enable the tool to behave like a knob. For example, a torque may be applied by the
user to the tool to cycle through a list of system options. According to some embodiments of the
imvention, a user may acknowledge a system notification or answer a question by applying a
force/torque to the tool to select one of the options. For example, in response to the question “Shall
we proceed?” the user may turn the tool clockwise to select “yes,” and counterclockwise to select

(14 kdd

no.

[0026] The cooperatively controlled robot in the user interface mode may be used
to generate a button press function. The event is generated when the user exerts a force on the tool
along a predefined axis for a given duration, and/or force magnitude. For example, if the system
is in a 2-D user interface mode, exerting a force on the tool along the direction normal to the plane
of 2-D motion creates a button press event. Another button press application is an item selection
acknowledgement in the in the single axis selector mode where the force is applied along the

selection axis.

[0027] The cooperatively controlled robot in the user interface mode may allow
the user to zoom in and out. If the system is in a 2-D mode, pressing or pulling along the direction

normal to the plane of 2-D motion causes the view/screen to zoom in and out.
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[0028] The additional feedback methods that complement the above functions
include graphical, haptic and audio feedback. Graphical feedback could include size and color
modulation of the graphical items the input cursor is moving or hovering over. To provide haptic
feedback the robot may vibrate the tool slightly (e.g., induce sinusoidal motion) when a button
press is initiated, or if the pointer travels over a visual widget. To provide audio feedback, the
user input events can be complimented by corresponding audio signals, e.g., a beep for a selection,

output through speakers 250.

[0029] The cooperatively controlled robot in the user interface mode may have a
variety of modes. A 1-D mode may be activated in which the cooperatively controlled robot is
used as an option selector, for example. A 2-D mode may be used to control planar mouse motion,
or as a 2-D option selector. A 2-D+ system may include the functions of the 2-D system but also
allow for button input. A 2-D+ system may also allow for torque-based rotation about the z-axis,
as well as zoom capability based on force exerted along the z-axis. In a 3-D mode forces on the
tool may be translated into pointer motion in three DOF, or may change the view of a 3-D model.

This may include a zoom function. A 6-D mode may employ full six DOF joystick control.

[0030] The cooperatively controlled robot may be used for a variety of applications
including, but not limited to, controlling a mouse pointer on a display screen, controlling a set of
system options, answering aural or visual prompts, acknowledging system notifications,
controlling an actuated microscope/endoscope/tissue retractor, inspecting patient data/images, and

controlling an auxiliary robot.

[0031] The following examples describe some embodiments in more detail. The

broad concepts of the current invention are not intended to be limited to the particular examples.

[0032] The EyeRobot is an example of a cooperatively controlled robot in which
the surgeon and robot share the control of the surgical instrument (see Figures 1A and 2). The
robot senses the forces (via a 6-DOF force/torque sensor) exerted by the operator on the surgical
instrument handle and moves the instrument to comply. Through this partnership, the surgeon is
directly controlling the instrument that is used to operate on the patient and the surgeon’s
physiological hand tremor is significantly reduced. The combination provides the precision and
sensitivity of a machine with the manipulative simplicity, immediacy and the natural hand-eye

coordination of hand-held tools to which the surgeon is already accustomed.

6
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[0033] The 6-DOF force/torque (FT) sensor on the EyeRobot is predominantly
used for controlling the motion of the surgical instrument. The deflection of the actual tool from
physical user input when the robot is not moving is minimal due to a very stiff structural design
and non-backdrivable nature of the actuators. When the robot is not being commanded to move,
the FT sensor can also be repurposed on-the-fly to provide an intuitive and instant user input

method for interaction with the rest of the surgical system.

[0034] Figure 3 shows a flow diagram 300 for a surgeon 302 controlling the
cooperatively controlled robot. The surgeon 302 can instruct the cooperatively controlled robot to
switch between a robot control mode and a user interface control mode. The switch command
304 may be made by engaging a physical button or a foot pedal 240 (shown in Figure 2), by a
voice command detected by microphone, via a graphical user interface (GUI) button on a
second display system such as a nurse’s console, or automatically by the surgical system
based on the context of the procedure or internal system event. The switch command 304
controls the mode 306 and determines how the system will respond to a force/torque 308
applied to the force sensor. When the cooperatively controlled robot is in the robot control
mode 310, the applied forces/torques 308 control the robot’s motion 312. When the
surgical system is in the user interface control mode 314, the applied forces/torques 308
are used to select parameters 316 that act as system input 318. The robot’s motion is

disabled, and one or more of the modes described below is enabled.

[0035] Another option is to insert a special joystick tool into the tool adapter.
This tool does not have a standard length tool shaft to prevent accidental collisions with
the anatomy. When its insertion is detected (e.g., via a contact switch), the joystick mode
is enabled. Furthermore, this tool could constrain the rotation about the tool axis so that
torques can be detected by the force/torque sensor to provide full 6-DOF input. The
force/torque on the surgical tool or special joystick can be interpreted as for a 6-DOF rate control
joystick, much like the commercial 3D SpaceNavigator 400 (3Dconnexion, Inc.) shown in Figure
4,

[0036] Although the force/torque measured in the tool or robot coordinate frame
can be used directly for user interface operation, it is not always intuitive to the user to do so.
According to some embodiments of the invention, the force/torque measurement frame (often

located in the rebet frame (FR)) of the robot 500 is aligned with the surgeen’s body frame
7
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(F'S) of the surgeon 502. The frames R and F'S are shown in Figure 5 relative to patient 506.

This example robot-surgeon arrangement has the effect of rotating the handle forces in the

robot frame by =30’ about the robot z-axis. Note that the orientation of the handle relative to

the robot base does not affect the consistency of the input, i.c., if the handle is rolled to a
20° position and the surgeon presses forward away from his body, the joystick mode will

produce an output that is the same as if the handle were rolled to -20° position. The output

rate of the virtual joystick (velocity screw) is calculated as follows:

v=C R4ds f , (Equation 1)
where the measured handle force and torques f (6-DOF) in the robot frame FR are

transformed by an adjoint transformation matrix RAdS and multiplied by a diagonal matrix
C, the diagonal of which represents the factors to convert force (N) and torques (N/mm)
into mm/s and rad/s. In this example C is a linear mapping, but can be extended to include non-
linear and context-based transformations of the forces/torques into numerical position or velocity

outputs.

[0037] The output is then transmitted to the system as a user interface input
and interpreted as a rate control joystick. Note that the XYZ joystick units have to be
converted from mm to pixels or mm/s to pixels/s, and depending on the surgeon’s
preference, and the joystick frame may need to be rotated about the horizontal axis (90°) to
align with the viewing plane in a typical eye surgery visualization setup. For a user
interface according to some embodiments of the invention, only the velocity readings in a
single plane (X-Y or Z-X plane) are considered in driving the mouse cursor on the display
504.

[0038] In some instances it is more advantageous to use the virtual joystick
as a positioning device. This is accomplished by continuously integrating the velocity to

generate the current position p (twist) (6DOF) at time T:
pr= foT C RAds f dt (Equation 2)

where df in this case becomes the sampling period of the force/torque measurements.
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[0039] The position virtual joystick capability provides a way for the surgeon
to input Cartesian coordinates into the system. For example, it can be used for telestration
as a cursor input to virtually draw lines on the surface of the retina in vitreoretinal surgery
visualization system. The surgeon may use the virtual joystick to translate the cursor on
the display over a region of interest where upon a button press event engages the drawing
mode and the surgeon proceeds to draw a line by pressing on the handle in the desired

directions.

[0040] In the above methods, only the force measurements are considered for
inputs that generate outputs in a single plane, or single force axis. However, imprecise
handle manipulation often involves a combination of torques and forces even when force-
only input is desired. To enhance the sensitivity of the input and make the interaction more
intuitive, especially when the surgeon is holding the instrument at a different location than
where the forces/torques are resolved, the torque measurements can also be interpreted as
force inputs. For example, the output velocity (V) is calculated by V=C * f+ D * 1, where

the D is a scaling factor that converts torques (T) into mm/s.

[0041] The click events are implemented by monitoring forces/torques along
a predefined axis with threshold values that trigger events for button down, button up, etc.
A common input axis is the main tool (z-) axis. The surgeon presses on the tool in the
downward direction (along the negative z-axis) with a given force for a given amount of
time, which initiates a button-down click event. Alternatively, a button-up click event is

also possible by applying an upward force on the tool (along the positive z-axis).

[0042] The system may include a position control mode in which the output
of the joystick control is a position/rotation that is proportional to the force/torque. The

position may be calculated using a scaling factor C and orientation transformation matrix

RAds:
p=C R4dsf. (Equation 3)

This causes the output to “spring back™ to the origin when the surgeon is no longer handling

the instrument. As with the velocity output, C can be extended beyond linear mapping to
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include non-linear and context-based transformations of the forces/torques into numerical position

or velocity outputs.

[0043] The cooperatively controlled robot may have many operating modes
that the surgeon may dynamically choose to use during the operation based on the
requirements of the task at hand. To facilitate rapid switching between these robot control
modes, a single axis selector can be enabled with a switch (e.g., a pedal click) at which
point the robot halts its motion and a predefined force/torque measurement axes is
considered a selection knob, and is used to cycle back and forth through the available
options. For example, applying a torque about the tool’s main z-axis cycles through the
user interface options (assuming z-axis is locked). A force in the clockwise direction may
cycle forward through the options, and a force in the counterclockwise direction may cycle
backwards through the options. The selection is set once the switch is clicked again or
released. The cycling through the options is done when the force/torque input exceeds a
threshold and a minimum dwell time. Although an arbitrary force/torque selection axis can
be chosen for this mode, it is natural to reference a physical object such as the tool for a

more intuitive input method.

[0044] According to an embodiment of the invention, a knob selection may
also include a hybrid behavior where the main tool axis (see Figure 6) is passive and
encoded. The user rotates the tool about the main tool axis to cycle through the modes (no
force data is considered). The system interprets the position of the rotation directly. In order
to make a selection a force is applied on the tool along the tool axis triggering the pressed
button down event. This behavior can also be achieved with an actuated tool axis wherein

the rotation is rendered through standard admittance control.

[0045] In scenarios where the robot can safely generate motion (e.g., when it
is not involved in a critical surgical task, such as during the preparation phase of a
procedure), physical feedback can be generated in response to a user interface event. For
example, the robot may vibrate to acknowledge a selection, a click, an error, or a mouse
pointer moving over a menu item. In another example, the robot may move slightly “up”
when the mouse cursor hovers over a clickable widget, and then return to its original
position when the mouse cursor is off the widget. To further enhance intuitive

communication, the haptic feedback may be combined with complementary aural or visual
10
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feedback. The motion of the robot is likely to induce a force on the force sensor, in which
case the force/torque measurement should be disregarded for the period of the haptic
feedback.

[0046] The single axis selector mode can be generalized for graphical menu
navigation as shown in Figure 7. By applying a force in the y direction (positive for up,
negative for down) the selections are cycled in discrete transitions. Once the desired
selection is active, applying an orthogonal force (along the x-axis) adjusts the particular
parameter associated with the selection. Alternatively, the parameter adjustment could be

performed using the torgue 600 about the tool’s z-axis (shown in Figure 6).

[0047] The interaction may include a minimum force input (tolerance) so that
the imprecise application of force along a particular axis does not unintentionally trigger
actions based on forces along the other axes. In addition, a time delay for transitioning

between options may control the cycling rate through the selections.

[0048] An alternative menu interaction includes multilayer menu widgets
that can use joystick button/press events to select a menu item which opens another set of
menus. For this to be an effective interaction method, visual or aural feedback may be
desirable to enhance the transitions between the discrete menu items. This is similar to the
iDrive from BMW and can be applied to multilayered menus, and can include the button

press event for selection.

[0049] The orientation of the joystick output may be aligned with a typical
hand-view for the typical surgical scenario (table aligned, or display aligned) to facilitate

the surgeon’s use of the system.

[0050] Surgeons often adjust the actuated zoom/pan/focus of the surgical
microscope or an actuated endoscope during an operation using pedals or with their hands.
Altemnatively, the joystick position control mode can be mapped in the following ways to
control the actuation of such a microscope without the use of such pedals or letting go of
the surgical tool. A pan mode may control x-y plane translation of the microscope. A

zoom made may allow for z-axis input, in which a force along the z-axis causes the
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microscope to zoom in or out. A focus mode may allow a surgeon to focus the microscope

by applying a torque about the z-axis.

[0051] Similarly, inspection of high-resolution videos or images can be done
using the same method but instead of physically controlling a microscope, the videos or
images may be manipulated purely through software. A pan mode may control x-y plane
translation of the viewing window over the high-resolution video or image. A zoom mode
may allow the user to magnify a section of the image, with a force along the z-axis causing
the microscope to zoom in or out. The select function cycles through a list of available
images in response to a torque about the z-axis. In addition to videos and images, audio
data streams may also be inspected an manipulated using the cooperatively controlled robot
in the user interface control mode. The robot may also be used inspect medical data such
as a patient’s vitals, an electroencephalogram (EEQG), an electrocardiogram (EKG), or other

images that are created using patient data.

[0052] A 3-D model inspection mode allows the surgeon to manipulate the
view of a 3-D model with the 6-DOF joystick input, directly mapping to the standard 3-D

viewing, similar to 3-D space mouse interaction.

[0053] In the 3-D model alignment mode for augmented reality, the joystick
can be used to perform pose adjustments to a virtual anatomical model that is superimposed
on top of the view of the surgical area. This initial alignment step is often helpful in the
registration of models with visual data in augmented reality applications. An example is a
3-D model of a kidney with a tumor derived from preoperative images that is used during

the operation for navigation.

[0054] The surgical system described herein may be used for auxiliary
manipulator control. According to an embodiment of the invention, more than one robotic
manipulator is used in the operating room. The system may have a bimanual EyeRobot
setup, or may be a combination of an EyeRobot and an actuated endoscope holding robot.
With the ability to use the cooperatively controlled robot as a joystick, a teleoperation
control scheme is possible in which one robot is in the joystick mode, which is used to
position the other robot. This can provide a finer level of control, or provide the necessary

control input for a teleoperated robot.
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[0055] The embodiments described above disclose a cooperatively
controlled robot. Alternatively, a surgical system user interface may be configured to be used
with a cooperatively controlled robot. The surgical system user interface may include a control
system adapted to communicate with a robotic actuator assembly and a force sensor of the
cooperatively controlled robot. The surgical system user interface may also include an output
system in communication with the control system, wherein the control system is configured to
receive an instruction from a user to switch from a robot control mode into a user interface control
mode, and wherein the control system is configured to receive from a force sensor an indication
of at least one of a force and a torque applied to a tool and manipulate the output system based on
the indication. The surgical system user interface, in conjunction with a cooperatively controlled
robot, may be configured to perform all of the functions described above with regard to the

cooperatively controlled robot.

[0056] The embodiments illustrated and discussed in this specification are
intended only to teach those skilled in the art how to make and use the invention. In describing
embodiments of the invention, specific terminology is employed for the sake of clarity. However,
the invention is not intended to be limited to the specific terminology so selected. The above-
described embodiments of the invention may be modified or varied, without departing from the
invention, as appreciated by those skilled in the art in light of the above teachings. It is therefore
to be understood that, within the scope of the claims and their equivalents, the invention may be

practiced otherwise than as specifically described.
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CLAIMS:

1. A cooperatively controlied robot, comprising:

a robotic actuator assembly comprising a tool holder and a force sensor;

a control system adapted to communicate with said robotic actuator assembly and said
force sensor; and

an output system in communication with said control system,

wherein said tool holder is configured to receive a tool to be manipulated by a user,

wherein said control system is configured to receive an instruction from a user to switch
from a robot control mode into a user interface control mode,

wherein said force sensor is configured to measure at least one of a force and a torque
applied to said tool by said user, and

wherein said control system, in said user interface control mode, is configured to receive
an indication of said at least one of a force and a torque applied to said tool by said user and

manipulate said output system based on said indication while disabling motion of said robot.

2. A cooperatively controlled robot according to claim 1, further comprising:
a microphone in communication with said control system, wherein said instruction from a
user to switch from a robot control mode into a user interface control mode comprises a verbal

signal detected by said microphone.

3. A cooperatively controlled robot according to claim 1 or 2, further comprising:
a pedal in communication with said control system, wherein said instruction from a user
to switch from a robot control mode into a user interface control mode comprises a push or a

release of said pedal.

4. A cooperatively controlled robot according to any one of claims 1 to 3, further
comprising:

a physical button in communication with said control system, wherein said instruction
from a user to switch from a robot control mode into a user interface control mode comprises a

command received through said physical button.

5. A cooperatively controlled robot according to any one of claims 1 to 4, further
14
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comprising:
a second output system in communication with said control system, wherein said
mstruction from a user to switch from a robot control mode into a user interface control mode

comprises a command received through a user interface of said second output system.

6. A cooperatively controlled robot according to any one of claims 1 to 5, wherein said

output system is an audio system.

7. A cooperatively controlled robot according to any one of claims 1 to 5, wherein said

output system is a visual display system.

8. A cooperatively controlled robot according to claim 7, wherein said control system is
configured to manipulate said visual display system by changing a position of a cursor based on

said indication.

9. A cooperatively controlled robot according to claim 7 or 8, wherein said control system
is configured to manipulate said visual display system by changing a velocity of a cursor based

on said indication.

10. A cooperatively controlled robot according to any one of claims 7 to 9, wherein said visual
display system is configured to display an image, and wherein said control system is configured

to manipulate said image based on said indication.

11. A cooperatively controlled robot according to claim 10, wherein said image is created

using data from a patient.

12. A cooperatively controlled robot according to any one of claims 7 to 9, wherein said visual
display system is configured to display an image, and whercin said control system is configured
to manipulate said visual display system by zooming into or out of said image based on said

indication.

13. A cooperatively controlled robot according to any one of claims 1 to 12, wherein said

output system is a second robotic actuator assembly.
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14. A cooperatively controlled robot according to any one of claims 1 to 12, wherein said

output system is a microscope.

15. A cooperatively controlled robot according to any one of claims 1 to 12, wherein said

output system is a light source.

16. A cooperatively controlled robot according to any one of claims 1 to 15, wherein said
control system is configured to manipulate said output system by browsing through a list

of parameters and selecting a parameter based on said indication.

17. A cooperatively controlled robot according to any one of claims 1 to 16, wherein said
control system is configured to perform a button press function on a condition that said force
is exerted along a predetermined axis and exceeds at least one of a predetermined duration and

magnitude.

18. A cooperatively controlled robot according to any one of claims 1 to 17, wherein said

tool is a surgical instrument.

19. A cooperatively controlled robot according to any one of claims 1 to 17, wherein said tool

is a joystick tool.

20. A surgical system user interface for a cooperatively controlled robot, comprising:

a control system adapled to communicate with a robotic actuator assembly and a force
sensor; and

an output system in communication with said control system,

wherein said control system is configured to receive an instruction from a user to switch
from a robot control mode into a user interface control mode, and

wherein said control system, in said user interface control mode, is configured to receive
from a force sensor an indication of at least one of a force and a torque applied to a tool by a user

and manipulate said output system based on said indication while disabling motion of said robot.
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