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PATIENT-SIDE SURGEON INTERFACE FOR A
MINIMALLY INVASIVE, TELEOPERATED

SURGICAL INSTRUMENT
BACKGROUND
[0001] 1. Field of Invention
[0002] Aspects of this invention are related to minimally

invasive, teleoperated surgical systems, and more particularly
are related to patient-side surgeon interfaces for minimally
invasive, teleoperated surgical systems.

[0003] 2. Related Art

[0004] The da Vinci® Surgical System, manufactured by
Intuitive Surgical, Inc., Sunnyvale, Calif., is a minimally
invasive, teleoperated robotic surgical system that offers
patients many benefits, such as reduced trauma to the body,
faster recovery and shorter hospital stay. The da Vinci® Sur-
gical System provides intuitive and ergonomic control of
minimally invasive slave surgical instruments, which pro-
vides telepresence for the surgeon. This system incorporates
a dedicated surgeon console, which provides a three-dimen-
sional stereo viewer, two master tool manipulators, foot ped-
als for controlling modes of operation, and an ergonomic
head and arm rest for prolonged seated use.

[0005] While using such a teleoperated robotic surgical
system, the surgeon is typically physically separated from the
sterile surgical field. Thus, the surgeon relies on assistants in
the operating room to perform some tasks at the patient side,
which can not be robotically controlled.

SUMMARY

[0006] A patient-side surgeon interface provides enhanced
capabilities in using a minimally invasive, teleoperated sut-
gical system. The patient-side surgeon interface has at least
one component within the sterile surgical field of the surgery.
The component allows a surgeon to control at least one tele-
operated slave surgical instrument, sometimes referred to as a
slave surgical instrument, from within the sterile surgical
field. Thus, the patient-side surgeon interface permits a sur-
geon to be in the sterile surgical field adjacent a patient
undergoing surgery.

[0007] Controlling minimally invasive slave surgical
instruments from within the sterile surgical field permits
minimally invasive surgery combined with direct visualiza-
tion by the surgeon. The proximity to the patient allows the
surgeon to control a teleoperated slave surgical instrument
together with one or more manually operated instruments
such as a laparoscopic instrument. Also, the surgeon, from
within the sterile surgical field, can use the patient-side sur-
geon interface to control a surgical instrument, and/or at least
one proxy visual in proctoring another surgeon.

[0008] Hence, in one aspect, a minimally invasive surgical
system includes a patient-side surgeon interface. The patient-
side surgeon interface includes a display device mounted in
an operating room and a master interface.

[0009] The master interface includes a master tool grip
mechanically ungrounded with respect to any object in the
operating room. The master interface also includes a hand-
tracking transmitter separated and removed from the master
tool grip. The hand-tracking transmitter is coupled to the
master tool grip by a three-dimensional position tracking
technology to generated sensed position and sensed orienta-
tion of the master tool grip.
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[0010] The minimally invasive surgical system also
includes a teleoperated slave surgical instrument and a con-
trol system coupled to the hand-tracking sensor, to the display
device, and to the teleoperated slave surgical instrument. The
control system sends control commands to the teleoperated
slave surgical instrument in response to sensed information.
The control system also updates an image generated by the
display device as the teleoperated slave surgical instrument
moves in response to the control commands.

[0011] Inoneaspect, the patient-side surgeon interface also
includes a stereoscopic image viewer. Upon viewing the
image on the display device through the stereoscopic image
viewer, a stereoscopic image is seen.

[0012] Inanother aspect, the patient-side surgeon interface
also includes a movable stabilization platform. The stabiliza-
tion platform supports a surgeon’s forearms while the sur-
geon grasps the master tool grip. The stabilization platform
can be moved independent from any movement of the display
device. In one aspect, the movable stabilization platform
includes a plurality of wheels used to move the movable
stabilization platform with respect to a position of an operat-
ing table. In another aspect, the movable stabilization plat-
form is mounted to an operating table. In yet another aspect,
the stabilization platform is mounted to an adjustable
mechanical arm with brakes such that the forearm support can
be adjusted and used while seated or standing.

[0013] In still yet another aspect, the minimally invasive
surgical system also includes a surgeon’s console, coupled to
the control system, including a sterecoscope display device
and a powered master interface. The control system further
comprises a proxy visual module coupled to the stereoscopic
display device of the surgeon’s console to provide a proxy
visual, and coupled to the hand tracking sensor to receive the
sensed information characterizing the movement of the mas-
ter tool grip. Execution of the proxy visual module moves the
proxy visual in response to the sensed information.

[0014] Inone aspect, sensed position and orientation infor-
mation is generated by moving a mechanically ungrounded
master tool grip located in a sterile surgical field. The sensed
position and orientation information is in a reference frame
associated with a person working within the sterile surgical
field, and operating the mechanically ungrounded master tool
grip. In one aspect, the reference frame is a body-centric
reference frame. Movement of an end effector of a minimally
invasive, teleoperated slave surgical instrument is controlled
based on the sensed position and orientation information. The
end effector is also in the sterile surgical field. Further, a
manually operated surgical instrument is controlled by the
person using a control handle of the manually operated sur-
gical instrument. The control handle is within the sterile sur-
gical field.

[0015] In another aspect, position and orientation of a
mechanically ungrounded master tool grip is sensed in a
reference frame associated with a person operating the
mechanically ungrounded master tool grip. In one aspect, the
reference frame is a body-centric reference frame. The posi-
tion and orientation is sensed when the mechanically
ungrounded master tool grip is moved in a field from a hand-
tracking transmitter, and is moved within a sterile surgical
field.

[0016] The sensed position and orientation is received by a
control system. The control system generates a control com-
mand, using the sensed position and orientation, with respect
to a reference frame associated with an image displayed on a
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display device. The control system sends the control com-
mand to a teleoperated slave surgical instrument.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] FIG. 1A is a diagrammatic view of a minimally
invasive surgical system, which includes a patient-side sur-
geon interface.

[0018] FIG. 1B is a diagrammatic view of a minimally
invasive surgical system, which includes a patient-side sur-
geon interface and a surgeon’s console.

[0019] FIG. 2A is a more detailed diagram of one aspect of
the master tool grip of FIGS. 1A and 1B.

[0020] FIG.2B is amore detailed diagram of another aspect
of the master tool grip of FIGS. 1A and 1B.

[0021] FIG. 2C is a more detailed diagram of yet another
aspect of the master tool grip of FIGS. 1A and 1B.

[0022] FIG. 3A is a more detailed diagram of one aspect of
the display device of FIGS. 1A and 1B.

[0023] FIG.3Bis amore detailed diagram of another aspect
of the display device of FIGS. 1A and 1B.

[0024] FIG. 3C is a more detailed diagram of yet another
aspect of the display device of FIGS. 1A and 1B.

[0025] FIGS. 4A and 4B illustrate aspects of the movable
ergonomiic support of FIGS. 1A and 1B.

[0026] FIG. 4C illustrates an aspect of a foot tray in the
patient-side surgeon interface.

[0027] FIG.5A s anillustration of the wrist orientation that
would be required if the display device were oriented verti-
cally so as to reproduce the conventional configuration
between the three-dimensional image and the master tool
grips.

[0028] FIG. 5B is an illustration of an improved wrist ori-
entation obtained by utilizing a fixed rotational offset in map-
ping wrist orientation motions.

[0029] FIG. 6A is illustration of endoscopic coordinate
frame utilized in the system of FIGS. 1A and 1B.

[0030] FIG. 6B is illustration of one aspect of a body-
centric mapping utilized in the system of FIGS. 1A and 1B.

[0031] FIG. 7 is a block diagram of a control system that
includes modules used to implement various aspects of the
control system.

[0032] FIG. 8 is an illustration an image, presented on a
display device, of ateleoperated slave surgical instrument and
a proxy visual, which in this example is a virtual ghost instru-
ment.

[0033] FIG.9isaprocess flow diagram for one aspect of the
control system.
[0034] In the drawings, the first digit of a figure number

indicates the figure in which the element with that figure
number first appeared.

[0035] As used herein, a sterile surgical field means an area
immediately around a patient that has been prepared for a
surgical procedure. The sterile surgical field includes the
scrubbed team members, who are properly attired, and all
furniture and fixtures in the area.

[0036] As used herein, mechanically ungrounded master
tool grip means a master tool grip that is unconstrained with
respect to possible position and orientation motion in a large
working volume. For the purpose of this definition, a large
working volume is a volume that permits tracking of position
motions within arm’s length of the user and tracking all
orientations.
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DETAILED DESCRIPTION

[0037] Referring in general to FIGS. 1A and 1B, aspects of
this invention include a patient-side surgeon interface 150
that provides enhanced capabilities in using minimally inva-
sive, teleoperated surgical system 100. Unlike conventional
minimally invasive, teleoperated surgical systems, patient-
side surgeon interface 150 has at least one component within
the sterile surgical field of the surgery. This component in
combination with an image on display device 160 allows a
surgeon 101 to control teleoperated slave surgical instru-
ments 110, 111 from within the sterile surgical field. Thus,
patient-side surgeon interface 150 permits a surgeon 101 to
work within the sterile surgical field adjacent a patient 102
undergoing surgery.

[0038] Controlling minimally invasive slave surgical
instruments 110, 111 from within the sterile surgical field
permits minimally invasive surgery combined with direct
visualization of patient 102, cart 105, any manually operated
surgical instruments, other machines and/or instruments
being used in the surgery, etc., by surgeon 101. The proximity
to patient 102 allows surgeon 101 to control an end effector of
teleoperated slave surgical instrument 110 together with one
or more manually controlled instruments 115, such as a lap-
aroscopic instrument or a stapler.

[0039] Also, as explained more completely below, surgeon
101, from within the sterile surgical field, can control at least
one proxy visual to proctor surgeon 195 (FIG. 1B). The proxy
visual is visible both in display device 160 and in a display
device viewed in a surgeon’s console 114, which is located
outside the sterile surgical field (FIG. 1B). Using master tool
grip 170, surgeon 101 can manipulate the proxy visual to
demonstrate control and use of teleoperated slave surgical
instruments 110, 111. Alternatively, surgeon 195 can control
the proxy visual, using the master tool manipulator on sur-
geon’s console 114, to instruct surgeon 101.

[0040] Patient-side surgeon interface 150 reduces operat-
ing room floor requirements for the minimally invasive, tele-
operated surgical system 100. Patient-side surgeon interface
150 provides a lower-cost alternative to a surgeon’s console
114 (FIG. 1B) in a conventional minimally invasive, teleop-
erated surgical system.

[0041] In one aspect, patient-side surgeon interface 150
includes (i) a display device 160, (ii) a master interface that in
turn includes at least one mechanically ungrounded unpow-
ered master tool grip 170 and typically two mechanically
ungrounded unpowered master tool grips, and a hand-track-
ing transmitter 175 (iii) a foot tray (See FIG. 4C), and option-
ally (iv) an ergonomic support 180. As explained more com-
pletely below, display device 160 can provide either a two-
dimensional image, or a three-dimensional image 161 of, for
example, a slave surgical instrument 110 and the surgical site.

[0042] Inoneaspect,display device 160 provides an output
that the surgeon perceives as a three-dimensional image that
includes an image 161 of an end effector of slave surgical
instrument 110 and the surgical site. The end effector is
located within the sterile surgical field. The three-dimen-
sional image provides three-dimensional depth cues to permit
surgeon 101 to assess relative depths of instruments and
patient anatomy. The three-dimensional depth cues, in turn,
permit surgeon 101 to use visual feedback to steer the end
effector of slave surgical instrument 110 using master tool
grip 170 to precisely target features within one millimeter of
accuracy.
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[0043] Display device 160 is mounted so that surgeon 101,
from a position that allows work within the sterile surgical
field, can position display device 160 for easy and comfort-
able viewing. However, positioning of display device 160 is
typically limited to prevent interference with (i) the ability of
surgeon 101 to see patient 102; (ii) performance of patient
side maneuvers with master tool grip 170; (iii) manual opera-
tion of any other surgical instruments; (iv) viewing other
displays, or (v) functionality of other instrumentation used in
surgery. Also, movement of display device 160 may be inhib-
ited when following between movement of master tool grip
170 and movement of the slave surgical instrument tip is
initiated and when following is in progress.

[0044] Surgeon 101 sits or stands comfortably at the side of
patient 102 while working in the sterile surgical field and
looks at display device 160 during the surgery. Surgeon 101
performs amedical procedure by manipulating at least master
tool grip 170 (FIG. 1A). In one aspect, surgeon 101 grasps
master tool grip 170 between the thumb and forefinger so that
targeting and grasping still involves intuitive pointing and
pinching motions. Master tool grip 170 is either sterile or
draped so that master tool grip 170 may be safely positioned
and used within the sterile surgical field for the surgery. In one
aspect, an ergonomic forearm rest 180, which may also be in
the sterile surgical field, is provided to support the surgeon’s
forearms or elbows as surgeon 101 manipulates master tool
grip 170 during the surgery.

[0045] While working in the sterile surgical field, as the
surgeon moves master tool grip 170 in one aspect, sensed
spatial information and sensed orientation information is pro-
vided to control system 190 based on the movement of master
tool grip 170. For example, a hand-tracking transmitter 175
generates a field, for example an electromagnetic field, an
optical field (e.g., light beams), etc., and the movement of
master tool grip 170 in this field provides sensed spatial
position and orientation information in a three-dimensional
coordinate system.

[0046] As explained more completely below, control sys-
tem 190 maps the sensed spatial motion data and the sensed
orientation data to a common reference frame. Control sys-
tem 190 processes the mapped data and generates commands
to appropriately position an end effector, sometimes referred
to as atip, of teleoperated slave surgical instrument 110 based
on the movement of master tool grip 170.

[0047] Control system 190 uses a teleoperation servo con-
trol system to translate and to transfer the sensed motion of
master tool grip 170 to an associated robotic arm through
control commands so that surgeon 101 can effectively
manipulate the tip of slave surgical instrument 110. Thus,
surgeon 101, working in the sterile surgical field, uses a
master tool grip 170, which is in the sterile surgical field, to
teleoperate an end effector of slave surgical instrument 110.

[0048] Thenumber of teleoperated slave surgical tools used
at one time, and consequently, the number of robotic arms
used in system 100 generally depends on the medical proce-
dure to be performed and the space constraints within the
operating room, among other factors. If it is necessary to
change one or more of the slave surgical instrument being
used during a procedure, an assistant 103 may remove the
slave surgical instrument no longer being used from its robot
arm and replace that slave surgical instrument with another
slave surgical instrument from a tray in the operating room.
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During surgery, the distal end of at least one robotic slave
surgical instrument is positioned within the sterile surgical
field.

[0049] Although ateleoperated robotic surgical system that
provides surgical telepresence offers many advantages over
conventional open surgery and manually performed mini-
mally invasive surgery. providing the surgeon the capability
to perform such telerobotic surgery while working from
within the surgical sterile surgical field offers further benefits.
For example, patient-side surgeon interface 150 improves
safety by allowing surgeon 101, who is performing the opera-
tion, to directly observe patient 102 and robotic patient side
cart 105 while manipulating slave surgical instruments 110,
111.

[0050] Patient-side surgeon interface 150 also allows a
single surgeon 101 to operate in the sterile surgical field and
perform procedures, which require coordinated use of
manual surgical instruments, such as surgical instrument 115,
and one or more teleoperated slave surgical instruments 110,
111. This has advantages over the conventional teleoperated
surgical systems in which the surgeon operates remote from
the surgical field, and an assistant working within the sterile
surgical field typically controls a manually operated mini-
mally invasive surgical instrument, such as a stapler. The
remote surgeon must then verbally coordinate with the assis-
tant to properly place the manual instrument and to coordi-
nate actions between the instruments (e.g., use the teleoper-
ated instrument to feed tissue to the manually operated
instrument).

[0051] As described herein, however, surgical work flow is
enhanced because the single surgeon 101 may simulta-
neously and advantageously use together both slave surgical
instrument 110 and a manually operated surgical instrument
115 (e.g., a stapler instrument). For example, manually oper-
ated surgical instrument 115 includes a control handle that is
located within the sterile surgical field. Surgeon 101 uses the
control handle to control manually operated surgical instru-
ment 115.

[0052] Interface 150 also permits surgeon 101 to control
imaging probes, steerable needles, etc. from both inside and
outside the body of patient 102. Thus, interface 150 allows
surgeon 101 to self-assist when using manually operated
minimally invasive tools. Further, for example, in transoral
ear, nose, and throat procedures, interface 150 allows surgeon
101 to self-assist when using traditional open surgery instru-
ments with teleoperated slave surgical instruments 110, 111.
[0053] Interface 150 promotes collaborative procedures
without requiring additional large stand-alone surgical con-
soles for teleoperated surgical system 100. Also, assistant 103
may share interface 150 to operate other surgical instruments.
In addition, multiple surgeons may collaborate using a com-
mon display device 160.

[0054] In addition, to the aspects described above, patient
side surgeon interface 150 also permits surgeon 101 to mentor
or collaborate with surgeon 195 (FIG. 1B) without requiring
an additional surgeon console. Surgeon 101 sees the same
information on display device 160 that surgeon 195 sees with
conventional surgeon’s console 114. However, because sut-
geon 101 is working in the sterile surgical field, surgeon 101
may have access to additional information, such as the
patient’s apparent overall condition, which is not readily
available to surgeon 195.

[0055] Since surgeons 101 and 195 view the same informa-
tion, surgeon 101 can demonstrate proper technique and use
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of teleoperated slave surgical instruments using interface
150. For example, surgeon 101 may use interface 150 to steer
at least one proxy visual to visually indicate where to grab
tissue, and to visually indicate in which direction to retract the
tissue with an instrument. Likewise, remotely located sur-
geon 195 may demonstrate techniques, either with the use of
real or proxy visuals, to sterile surgical field surgeon 101, who
may follow along using either real or proxy visuals. Here, a
real visual refers to an image of an end effector of a teleop-
erated slave surgical instrument.

[0056] In addition, two surgeons could view display 160
and each have at least one master tool grip. One surgeon could
control aproxy visual, while the other surgeon controls an end
effector of a slave surgical instrument.

[0057] As indicated above, patient side surgeon interface
150 includes at least a master tool grip and tracking system, a
display, and optionally an ergonomic support. Also, various
mapping and modifications to the conventional control sys-
tem are implemented. Each of these aspects is described in
more detail below.

Master Interface

[0058] In this example, as shown in FIG. 2A, patient-side
surgeon interface 150 includes a first master tool grip 170A
and a second master tool grip 170B. Master tool grips 170A
and 170B are illustrative only and are not intended to limit the
master tool grips to this specific configuration. In view of this
disclosure, a variety of master tool grips can used from within
the sterile surgical field to control teleoperated slave surgical
instruments, such as instruments 110, 111 (FIGS. 1A and
1B).

[0059] The master tool grip technology selected is secured
in the hand of surgeon 101. Each master tool grip 170A,170B
also includes presence detection. For example, a capacitance
switch, a pressure switch, an infrared beam based presence
switch, or some other type of presence detection mechanism
is provided to determine whether surgeon 101 is in proper
contact with and therefore in control of the master tool grip.
This presence detection mechanism is a safety feature that
prevents accidental slave tool movement, such as might oth-
erwise occur if the surgeon dropped the master tool grip,
handed-off the master tool grip to another surgeon, moved the
master tool grip while it is lying on a sterile tray, or took some
other action and so no longer has control of the master tool
grip.

[0060] Inone aspect, mastertool grip 170A, 170B includes
at least one mode control button 201A, 201B. A mode control
button 201A, 201B is used in conjunction with at least one of
following (which initiates following between motions of a
master tool grip and the associated teleoperated slave surgical
instrument), master clutch activation (which decouples mas-
ter control of the slave instrument), endoscopic camera con-
trol (which allows the master to control endoscope movement
or features, such as focus or electronic zoom), robotic arm
swap (which swaps a particular master control between two
slave instruments), and tilepro swap, (which toggles the dis-
play of auxiliary video windows on the surgeon’s display).
The number and function of mode control buttons imple-
mented on master tool grips 170A, 170B is complementary to
the functionally associated with the foot pedal(s) in the foot
tray, described more completely below.

[0061] When there are only two master tool grips 170A,
170B in system 100, and when surgeon 101 wants to control
movement of a slave surgical instrument other than the two
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slave surgical instruments coupled to the two master tool
grips, surgeon 101 may lock one or both of the two slave
surgical instruments in place. Surgeon 101 then associates
one or both of the master tool grips with other slave surgical
instruments held by other of the robotic arms by tapping the
button on the master tool grip, which, in this implementation,
provides swap association of the master tool grip to another
slave surgical instrument.

[0062] In one aspect, each master tool grip 170A, 170B
provides a tactile sense of handedness (e.g., particular shapes
adapted to either the left or right hand) so that one master tool
grip is for the left hand of surgeon 101 and another master tool
grip is for the right hand of surgeon 101. In addition, the
particular grip style of the master tool grip can be customized
to accommodate the preference of the surgeon using the mas-
ter tool grip.

[0063] In the example of FIG. 2A, each master tool grip
170A, 170B includes two levers 231A, 231B, 232A, 232B,
each with a finger loop 2334, 233B, 234A, 234B so that
surgeon 101 (FIGS. 1A and 1B) typically can grasp the pair of
levers between the thumb and forefinger. A palm rest 235, 236
fits in the palm of the surgeon’s hand and extends around the
palm to the back of the hand, in this example. Other examples
of master tool grips include, but are not limited to, a glove
device and a thimble device. Also, a master tool grip could be
implemented as a pistol grip device or a pencil grip device.
See also FIGS. 2B and 2C, which are described below.
[0064] Mastertool grips 170,170A,170B are mechanically
ungrounded with respect to all equipment in the operating
room. A cable 241, 242 connects master tool grip 170A,170B
to control system 190. In one aspect, cable 241, 242 carries
position and orientation information from sensors in master
tool grip 170A, 170B to control system 190 as well as sensor
data for grip closure and state data for button inputs on master
tool grip 170A, 170B.

[0065] Use of a cable to transmit sensed position and ori-
entation data to control system 190 is illustrative only and is
not intended to be limiting to this specific aspect. In view of
this disclosure one knowledgeable in the field can select a
mechanism to transmit sensed position and orientation data
from the master tool grip or master tool grips to control
system 190 (e.g., by use of wireless connection).

[0066] Cable 241, 242 does not inhibit motion of master
tool grip 170A, 170B. Since each master tool grip 170A,
170B is mechanically ungrounded, each master tool grip is
effectively unconstrained for both position and orientation
motions within the surgeon’s reachable workspace and the
hand-tracking transmitter’s workspace (e.g., sway, heave,
surge, pitch, yaw, and roll in a Cartesian coordinate system).
Since each master tool grip 170A, 170B also includes a
pincher grip mechanism, each master tool grip 170A, 170B
has at least seven degrees of freedom.

[0067] Hand-tracking transmitter 175 can be an electro-
magnetic spatial tracking system, inertial spatial tracking sys-
tem, optical spatial tracking system, or sonic spatial tracking
system, for example. The device that provides the sensed
information may vary depending on the particular spatial
tracking system or combination of systems used. In each
implementation, at least sensed position and orientation
information for a master tool grip is provided to the control
system.

[0068] In some aspects, a combination of an electromag-
netic spatial tracking system and an inertial spatial tracking
system or a combination of an optical spatial tracking system
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and an inertial spatial tracking system may be used. The
inertial spatial tracking system has a high update frequency
and high resolution, but only provides differential tracking
information, which is susceptible to absolute position drift
when integrated. The differential tracking information from
the inertial spatial tracking can be fused with the absolute
tracking information from the other spatial tracking system in
a complementary fashion to provide drift-free absolute posi-
tion tracking with high update frequency and high resolution
for mechanically ungrounded master tool grips.

[0069] In one aspect, irrespective of the particular imple-
mentation of the spatial and orientation tracking, the tracking
system provides reliable and continuous input data to control
system 190. High resolution position and orientation sensing
provides at least better than one millimeter position resolu-
tion and less than one degree rotation resolution. The data
provided to control system 190 has a low latency and high
update frequency, for example a latency of at most fifteen
milliseconds and update rate of at least forty Hertz.

[0070] FIG. 2B illustrates another embodiment of a master
tool grip 220. Master tool grip 220 includes a cuff 225 with a
strap 227, a shaft 243 and a body 242.

[0071] Cuff 225 fits about the hand of surgeon 101 so that
inner surface 225B is over back of the hand ofthe surgeon and
opposite inner surface 225A is over the palm of the surgeon.
Strap 226, which in one aspect is a Velcro strap, secures cuff
225 to the hand of the surgeon.

[0072] Cuff 225 is sized to fit comfortably around the cir-
cumference of the surgeon’s hand. In one aspect, cuff 225 has
a circumference of six inches (15.3 cm) and strap 227 is sized
so that cuff225 can be used on hands with a circumference of
about 6.8 to about 9.1 inches (17.3 cm to 23.1 cm).

[0073] Inoneaspect, when strap 226 isin place and secured
to both parts of cuff 225, a presence detection switch is
activated, but any of the presence detection techniques
described above could be used.

[0074] A mode control button 226 is positioned on an outer
surface of cuff 225. Mode control button 226 is positioned so
that when a surgeon is grasping lever 241A and lever 241B
between the thumb and forefinger, one of the other fingers of
the surgeon can reach and depress mode control button 226.
[0075] A body 242 of master tool grip 220 is slideably
mounted on ashaft 243. Shaft 243 is affixed to cuff 225. Inone
aspect, body 242 moves along shaft 243 up to 1.8 inches (4.6
cm) away from cuff 225. Body 242 also rotates about shaft
243.

[0076] Twolevers 241A, 241B are mounted on body 242 at
one end. The configurations oflevers 241 A, 241B are similar
and so only lever 241A is considered in detail.

[0077] Lever241A has a contact plate 246 A mounted on an
end of the lever opposite the end mounted on body 242.
Surgeon 101 (FIGS. 1A and 1B) typically can grasp contact
plates 246A and 246B between the thumb and forefinger and
depress contact plates 246A and 246B toward body 242 to
increase the grasp of the teleoperated slave surgical instru-
ment end effector. Thus, levers 241 A, 241B are mounted to
body 242 in a way that emulates the grasping, or other opera-
tion, of the end effector. For example, variable resistance
springs could be used so that as contact plates 246 A, 246B get
closer to body 242, the resistance to moving contact plates
246A, 2468 farther in that direction increases.

[0078] Mounted on lever 241, between contact plate 246 A
and the attachment point to body 242, is a closure sensor
244A that includes a magnet and a Hall Effect sensor. Closure
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sensor 244 A provide grasp closure information as lever 241A
moves towards or away from body 242 and control system
190 uses the grasp closure information in controlling the
closure of the end effector of the teleoperated slave surgical
instrument.

[0079] Mounted on the end of body 242 distal to cuff225 is
an electromagnetic sensor 245 that is used in combination
with the field from hand tracking transmitter 175 to generate
sensed position information and sensed orientation informa-
tion as master tool tracker 220 moves within the field from
hand tracking transmitter 175.

[0080] FIG. 2C is an illustration of yet another master tool
grip 260. In this embodiment, in place of a glove with instru-
mented fingers, finger loops 261A, 261B are placed on the
thumb and forefinger of the surgeon.

[0081] Each finger loop 261A, 261B has a small electro-
magnetic sensor 262A, 262B mounted thereon. A member
262 extends between finger loop 261A and 261B. In one
aspect, member 262 emulates the closure of the slave surgical
tool end effector and provides grip closure information.
[0082] As finger loops 261A, 261B are moved apart, the
end effectoris opened. As finger loops 261A, 261B are moved
towards each other, member 262 provides resistance to simu-
late the closing and grasping (if appropriate) of the end effec-
tor. To actuate the roll axis, surgeon 101 simply rubs the finger
and thumb together and the change in orientation of sensors
262A,262B relative to one another corresponds to the amount
of roll.

[0083] The various embodiments described herein of the
master tool grip are illustrative only and are not intended to be
limiting. In one aspect, each master tool grip includes a secure
way to hold the master tool grip in the hand of the surgeon,
while accommodating various grip preferences. The master
grip allows the surgeon to perform both gross and fine
motions easily.

[0084] In one aspect, the master tool grip incorporates at
least one mode control button. The master tool grip allows a
surgeon to remove the finger and the thumb from the master
tool grip easily. In one aspect, the master grip incorporates a
separately sensed roll axis. The master grip detects the pres-
ence of the surgeon and accommodates a three-dimensional
tracking sensor. The master tool grip also accommodates a
sterile covering when the master grip cannot be sterilized. In
some aspects, the master tool grip maintains comparable
weight and mass distribution to surgical instruments.

Display Device

[0085] FIG. 3A is a more detailed block diagram of one
aspect of a system that provides an image on display device
160, which is, for example, a liquid crystal display (LCD)
device. A conventional stereoscopic endoscope 112 provides
left and right channel images of tissue of patient 102 and any
end effectors of surgical instruments 110 and 111 in the field
of view of stereoscopic endoscope 112.

[0086] Stereoscopic endoscope 112 includes two channels
for transporting light from tissue (e.g., channels for left and
right images). The light transported in each channel repre-
sents a different view of the tissue. The light can include one
or more images. The light is captured by charge-coupled
devices—cameras. The information from the charge-coupled
devices is processed by a video controller 391 in control
system 190, and appropriate updated information is provided
to display device 160 by video controller 391. The particular
information provided to display device 160 by video control-
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ler 391 depends on the characteristics of display device 160,
as discussed more completely below.

[0087] As described above, display device 160 can provide
images that, in some aspects, may be perceived by surgeon
101 as two-dimensional images and in other aspect. may be
perceived by surgeon 101 as three-dimensional images. The
ability to see in three-dimensions and perceive relative depths
of anatomy and instruments is advantageous compared to
typical two-dimensional images provided in conventional
manually performed laparoscopic procedures. Accurate ste-
reoscopic depth cues can reduce cognitive load and improve
efficiency of motion. However, accurate stereoscopic cues
require preservation of eye separation and working distance
ratios.

[0088] In one aspect, display device 160 is mounted on a
boom 310 to allow convenient placement and reorientation of
display device 160 with respect to patient 102 and at least
surgeon 101. Display device 160 and/or the boom include
handles 311, 312 so that display device 160 can be moved, as
described above.

[0089] In one aspect, handles 311,312 are draped so that
handles 311, 312 are included in the sterile surgical field. This
permits moving display device 160 by a person working in the
sterile surgical field.

[0090] Boom 310 includes, in one aspect, brakes so that
display device 160 cannot be moved while system 100 is in a
mode in which the slave surgical instruments follow move-
ments of the master tool grips (following mode). Alterna-
tively, in one aspect, any movement display device 160, while
system 100 is in the following mode, interrupts the following
mode. In some cases, master tool grip motion is sensed with
respect to the display device 160, so display device 160 is not
allowed to move while the system in the following mode.
Irrespective of the implementation, in one aspect, display
device 160 includes a display motion interlock coupled to
control system 190, and this interlock prevents display move-
ment in certain system operating modes in which such move-
ment would be improper and/or disorienting to surgeon 101.
[0091] In addition, display device 160 includes a surgeon
presence switch. When surgeon 101 is facing display device
160 and is within a range of the surgeon presence switch, the
switch provides a signal to control system 190 that allows
control system 190 to enter and stay in the following mode.
When surgeon 101 is either not facing display device 160 or
not within the range of the switch, the surgeon presence
switch provides a signal to control system 190 that inhibits
control system 190 from being in the following mode. In one
aspect, one or more infrared (IR) range sensors are used for
sensing close-range distances of surgeon 101 from display
160 or alternatively from surgeon’s viewer 361.

[0092] The surgeon presence switch is a safety feature that
prevents surgeon 101 from operating a slave surgical instru-
ment when surgeon 101 is not in a position to properly evalu-
ate the visual depth cues in the three-dimensional image. The
surgeon presence switch is an example of a display-based
presence interlock coupled to control system 190.

[0093] As indicated above, the information provided to
display device 160 by display controller 391 depends upon
the type of display utilized. For a three-dimensional image on
display device 160, several different implementations can be
utilized.

[0094] In a first implementation, display device 160 pro-
vides a pair of polarized images and surgeon 101 wears spe-
cial glasses 361. Surgeon 101 sees a three-dimensional image
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when viewing the pair of polarized images with special
glasses 361. The polarized images can be generated in mul-
tiple ways. In a first aspect, a display includes features that
automatically generate the pair of polarized images. In a
second aspect, a film is applied to the screen of a liquid crystal
display that generates the pair of polarized images. In both
cases, passive glasses with polarized lenses are required to
view the three-dimensional image.

[0095] In either of these approaches, in one aspect, the
polarization of the image on the LCD display is changed on a
line-by-line basis. For example, the even numbered lines in
the displayed image are polarized in one way and the odd
numbered lines in the displayed image are polarized in
another way. Typically, the polarization for the even num-
bered lines is perpendicular to the polarization for the odd
numbered lines. The left eye image can be the polarized
image from the even numbered lines and, for this example, the
right eye image would be the polarized image from the odd
numbered lines. This aspect requires that control system 190
provides display device 160 a composite image that contains
both left eye and right eye information on a line-by-line basis.
This approach requires the use of passive polarized glasses
361.

[0096] This approach provides high resolution images and
is multi-user capable due to a wide field of view. There is no
dependence on refresh rates and no flickering. Also, surgeon
101 is not limited to a specific location, because the display
can be viewed at a distance in a range of 0.7 m to 3 m.
However, this approach can suffer from ghosting artifacts and
distracting distortion from lateral head motion.

[0097] An example of a display with the characteristics
discussed above is the Miracube G240M provided by Pavon-
nine Korea, Inc., (406-130) Pavonne R & D Center #7-42,
Songdo, Yeonsu-gu, Incheon, Korea. Another example of a
display with such characteristics is the GD-463D10 provided
by JVC US.A., 1700 Valley Road, Wayne, N.J. 07470. In
addition, polarizing films with these characteristics are com-
mercially available.

[0098] In another implementation, dual images from ste-
reoscopic endoscope 112 can be presented on display device
160 by control system 190, and a stereo viewer 361 is
mounted on a boom so that stereo viewer 361 is a fixed
distance from display device 160. Stereo viewer 361 includes
adjustable mirrors that reflect the stereo-image pair from
display device 160 onto eyes of surgeon 101, and in turn the
surgeon’s brain fuses the images into a single, sharp three-
dimensional scene. In one example, stereo viewer 361 is a
Wheatstone mirror stereoscope.

[0099] FIG. 3B is a more detailed illustration of a Wheat-
stone mirror stereoscope viewer 361A with a display device
160A. In this aspect, display device 160A is mounted in a
mounting bracket 321 that provides handles 3114, 311B.
Mounting bracket 321, in one aspect, is attacked toboom 310.
[0100] Left and right images 315, 316 from stereoscopic
endoscope 112 are displayed, by video controller 391, on
display device 160A. Viewer 361A is attached to mounting
bracket 321 by an extension boom 320. Extension boom 320
allows adjustment of the distance from display device 160A
to viewer 361A, and adjustment of the vertical height of
viewer 361A. Also, extension boom 320 rotates so that viewer
361A can be rotated out of the way to view display device
160A directly.

[0101] In the aspect of FIG. 3B, attached to mounting
bracket 321 is a support assembly 330 for hand-tracking
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transmitter 175. Support assembly 330 includes a turntable
331 on which hand-tracking transmitter 175 is mounted. In
one aspect, turntable 331 is implemented as a Lazy Susan
apparatus.

[0102] Since this implementation of stereo viewer 361,
361A uses mirrors, full color is supported. The three-dimen-
sional image is not haunted by ghost images, and is com-
pletely free from screen flicker, which allows for easy view-
ing. The image provides accurate stereo depth cues. The
position of stereo viewer 361, 361A is located at a good
viewing distance from the display device. Also, stereo viewer
361 supports a head-in sensor for surgeon presence detection
and maintains proper head alignment for motion mapping.
The resolution of display device 160 determines the stereo
image resolution.

[0103] A stereo viewer that is capable of viewing stereo
images located directly in front of the viewer is the Screen-
Scope LCD Adjustable of Berezin Stereo Photography Prod-
ucts, 21686 Abedul, Mission Viejo, Calif. 92691 USA. How-
ever, in some aspects, it is advantageous to be able to view
stereo images that are collocated with the hand motion work-
space. This is achieved by using a mirror assembly like a
periscope with such a stereo viewer. The incident mirrors, in
the mirror assembly, for the eyes can have a different pitch
angle than the mirrors that reflect the images from display
device 160. In one aspect, the angle of the incident mirrors for
the eyes is adjustable via viewer eye pieces in which these
mirrors are mounted. Sixty degrees down from horizontal has
been found to be a good working angle for collocation.
[0104] The stereo viewer limits the options available to
surgeon with respect to selecting a patient side position. How-
ever, the stereo viewer facilitates the implementations of the
various locks described above and can be mounted on a
patient-cart boom to reach many of the working positions
desired by surgeon 101. This implementation does not permit
multiple users to simultaneously view the same three-dimen-
sional image using display device 160.

[0105] In still another aspect, active glasses 361 are used to
view an image on display device 160. Active glasses 361 are
sometimes referred to as shutter glasses. Active glasses 361
“turn off” each eye in time with a refresh rate of display
device 160. Each lens in active glasses 361 is effectively a one
pixel LCD screen that is turned off (black) or on (clear)
depending on which eye should see the image displayed on
display device 160.

[0106] Ifdisplay device 160 is a 120 Hz LCD device, 120
frames per second of video are displayed so that 60 frames for
each eye per second are displayed. This is sometimes referred
to as page flipping.

[0107] A wireless connection or an infrared connection is
used to synchronize active glasses 361 with display device
160. When the left eye frame is shown on display device 160,
the left lens is completely open and during the time the screen
refreshes with the next frame for the right eye, active glasses
361 must also switch opacity of the lenses. If display device
160 is the 120 Hz LCD device, 120 frames per second of
video are displayed so that 60 frames for each eye per second
are provided by control system 190. A 120 Hz LCD display
that can be used is available from Samsung.

[0108] In this aspect, the infrared (IR) shutter signal could
be used as the surgeon presence signal. The surgeon must be
facing display device 160 for the IR shutter signal emitted by
display device 160 to be detected by active shutter glasses
361. This detection could be relayed to the control system to
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confirm presence as part of the safety interlock. While use of
active shutter glasses 361 provides good image quality and a
large, immersive display, surgeon 101 must stay within line of
sight of display device 160 and avoid lateral head motion to
minimize distracting distortion.

[0109] In still another aspect, display device 160 is not
mounted on a boom and instead is a head mounted display
unit. The head mounted display unit includes two small form-
factor LCD displays with viewer eye-pieces that display inde-
pendent images for the left and right eyes. The eye pieces are
adjustable for optimal alignment with the user’s eye, includ-
ing adjustment for inter-pupilary distance and gaze direction.
The optics within the eye pieces gives the impression that the
image is floating in front of the viewer within arm’s length.
The head mounted display provides accurate stereoscopic
depth cues and has a good viewing distance. The head
mounted display also supports vision collocation and a head-
in sensor as the presence sensor. One head mounted display
suitable for use is the 3D-HD Personal Head Display pro-
vided by Vision Systems Group, A Division of Viking Sys-
tems, 134 Flanders Rd., Westborough, Mass.

[0110] In still another aspect, the head-mounted display
technology is also available in a compact boom-mounted
display form factor. See FIG. 3C. In this aspect, display
device 160B is mounted on a boom 310A that is directly
attached to the robotic patient-side cart 305 or a stand-alone
cart. This technology supports most of the working positions
desired by the surgeon at the patient-side cart, and supports a
head-in sensor 371, and a head rest 372. Additionally, the
angle of the eye pieces allows for ideal collocation of vision
with the hand tracking workspace. Arrow 373 represents the
line of sight of the surgeon using display device 160B, which,
in one embodiment, is angled downward from the horizontal
by sixty degrees. Also, in this aspect, hand-tracking transmit-
ter 175 is supported by boom 310A.

[0111] In another aspect, display device 160 is an auto-
stereoscopic display, which does not require special glasses
or a stereo viewer and so surgeon’s viewer 361 is not used.
The auto-stereoscopic display delivers separate images to
each eye without requiring the use of viewing glasses. There
are two main technologies used to generate an auto-stereo-
scopic display: use of a barrier to block light destined for the
contralateral eye, or use of a lenticular lens to direct light into
the chosen eye.

[0112] A parallax barrier has fine vertical slits in an opaque
medium. The barrier is placed in front of an image on display
device 160 with left and right images presented in the vertical
slits. If the frequency of image slits and barrier slits match and
surgeon 101 is a required distance from the barrier, left and
right images can be seen by the left eye and the right eye,
respectively, of surgeon 101. There is no need for polarized
glasses. However, there are a limited number of viewing
positions, which in turn results in limited freedom in the
choice of patient side positions by surgeon 101.

Mode Control

[0113] Patient-side surgeon interface 150 includes an inter-
face for controlling system modes, such as: following mode
(slave surgical instruments follow movements of the master
tool grips), master clutch mode (disengaging slave actuation
from master movement), camera control mode (enabling
endoscope movement), energy tools mode (enabling surgical
energy tool control (e.g., electrocautery tools), camera focus
mode (enabling camera focus control), arm swapping (allow-
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ing various master and slave arm control combinations), and
tilepro swapping mode (enabling control of various picture
displays in the surgeon’s display, e.g., swapping between a
full screen display and a display in which the surgeon views
two or more separate images or data screens). The interface
for controlling system modes is readily accessible by surgeon
101 and supports both on/off activation and triggered activa-
tion of the various operating modes.

[0114] The interface for controlling system modes allows
mode control inputs to be mapped and controlled by multiple
users in a mutually exclusive fashion. The interface also
enables user independent master clutch. In one aspect, the
interface is sterilizable. The interface for controlling system
modes is easy to learn and to remember. The interface for
controlling system modes is configured to minimize unin-
tended mode activations.

[0115] The interface for controlling system modes can be
alone or in combination one or more buttons, sensors and foot
petals. For example, buttons can be included on the master
tool grips that when depressed active master clutch and cam-
era control, as described above. A quick tap of the same
buttons triggers an arm swap or a tilepro swap. A particular
functionality for the normal tap and a particular functionality
of the quick tap are assigned to each button.

[0116] In one aspect, the interface for controlling system
modes includes a foot pedal tray 430 (F1G. 4C) that includes
at least one foot pedal 431. In one aspect, foot pedal tray 430
is asmall pod that is similar to the right-half of a conventional
foot pedal tray for controlling energy activation in a da
Vinci® Surgical System Model IS3000 (see U.S. patent
application Ser. No. 12/400,726 (filed Mar. 9, 2009), which is
incorporated herein by reference). However, in some aspects,
the full conventional foot pedal tray may be used.

Ergonomic Support

[0117] As illustrated in FIGS. 1A and 1B, patient-side sur-
geon interface 150 includes a moveable ergonomic forearm
support 180 that functions as a bench armrest for the forearm
(s) or elbow(s) of surgeon 101. Forearm support 180 provides
stability for fine motion of mastertool grips 170,170A,170B.
Forearm support 180 also maintains a proprioceptive rela-
tionship between the hands for coordinated tasks.

[0118] In the example of FIG. 4A, forearm/elbow support
180A is attached to operating table 405. As used herein,
forearm/elbow support means that support can be provided to
either the forearm or the elbow. Forearm/elbow support 180A
is movable in multiple dimensions, e.g., along the length of
operating table 405 as shown by arrow 404, nearer to and
away from operating table as shown by arrow 401, and up and
down with respect to the surface of operating table 405 as
shown by arrow 402. Also, in this example, forearm/elbow
180A support can pivot about its center as shown by arrow
403. Forearm/elbow support 180A can be used either while
surgeon 101 is standing or is seated. Alternatively, forearm/
elbow support 180A could be attached to a movable boom
with brakes instead of to operating table 405. The movable
boom can be adjusted for standing or seated use, and the
movable boom structure is strong enough to withstand the
force of a surgeon leaning against the boom.

[0119] Inanother example, forearm/elbow support 1808 is
mounted on amoveable platform such as saddle stool 410. As
shown in FIG. 4B, saddle stool 410 includes a plurality of
casters 415 to facilitate movement. One saddle stool with
such a support is available as a Salli Saddle Stool with Elbow
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Rest from Back Designs, Inc. of Novato, Calif., USA. Theuse
of a saddle stool is illustrative only of a moveable platform
and is not intended to be limiting to this specific stool. In view
of this disclosure, a suitable forearm/elbow support can be
mounted on a variety of movable platforms on which surgeon
101 can comfortably sit or otherwise be supported.

[0120] Such moveable platforms allow surgeon 101 to
perch on that platform and thereby relax body core muscles
and preserve ergonomic spinal alignment during work. The
moveable platform provides a neutral working position for
the surgeon’s forearms and a physical reference for returning
to an ergonomic pose in master clutch mode. This physical
reference reduces cognitive load when using master clutch
mode and helps to preserve ergonomic posture.

Control System

[0121] As described above, control system 190, 190A
(FIGS. 1A, 1B, 3A, and 7) performs a variety of functions.
Control system 190A (FIG. 7) receives both information that
is associated with operating in one of the operating modes and
information that indicates a mode in which to operate. For
example, using master interface input/output module 702,
control system 190A receives sensed spatial information 721,
sensed orientation information 722, and grip closure infor-
mation 723 as well as information on the state of control
switches 724, e.g., the display and master tool grip presence
switches. Control system 190A also receives mode control
commands 725 from patient-side surgeon interface (PSSI)
150. The actions taken by control system 190A in response to
the state information from the various control switches and
the mode control commands were described above and so are
not repeated here.

[0122] Control system 190A uses a teleoperation servo
control system, which executes instructions in a teleoperation
servo control loop module 760 on a processor in processor
module 701, to translate and to transfer the motion of master
tool grip 670 to an associated robotic arm through control
commands so that surgeon 601 can effectively manipulate a
tip of slave surgical instrument 110. In one aspect, the control
commands include orientation motion commands 731 and
spatial motion commands 732, The functions performed by
the teleoperation servo control system are equivalent to the
conventional functions when considered in conjunction with
the features described more completely below for control
system 190A.

[0123] In FIG. 6A, a conventional endoscopic view coor-
dinate frame 610 for stereoscopic endoscope 612 is illus-
trated. In FIG. 6B, various coordinate frames 610, 620, and
630 are used in one aspect. As described more completely
below, coordinate frames 610, 620, and 630 are used in one
aspect of translating motion of master tool grip 670 to motion
of atip of a teleoperated slave surgical instrument.

[0124] Control system 190A implements unique mappings
and processing in translating sensed spatial information 721,
sensed orientation information 722 into orientation motion
commands 731 and spatial motion commands 732 to move a
tip of a teleoperated slave surgical instrument. In particular,
control system 190A, as described more completely below,
includes a ratcheting system module 730 that upon execution
prevents autonomous or unintentional motion of a slave sur-
gical instrument. Control system 190A can also include a
proxy visual module 750, as described more completely
below, which is stored in a memory 780 and executed on a
processor in processor module 701.
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[0125] The following description of an implementation of
control system 190A is illustrative only and is not intended to
be limiting. In view of this description, one knowledgeable in
the field can select and implement any desired combination of
the described features to accommodate the requirements of a
minimally invasive, teleoperated surgical system that
includes a patient-side surgeon interface 150.

[0126] The combination of the mechanically ungrounded
master tool grip 670 in a sterile surgical field and a three-
dimensional display device 660 provides a new capability in
allowing patient side control of teleoperated slave surgical
instruments. As described above, in one aspect, movable
three-dimensional display 660 is movable by surgeon 601,
who is working in the sterile surgical field. The techniques
used to map the motions of master tool grip 670 to movement
of a slave surgical instrument end effector 661 as seen in
three-dimensional display device 660 by control system
190A are not directly transferable from the conventional
minimally invasive, teleoperated robotic surgical system.
[0127] To better understand the problem solved, it is useful
to first consider the conventional mapping strategy used by a
conventional minimally invasive, teleoperated robotic surgi-
cal system with respect to a surgeon’s console 114 (FIG. 1B),
which is not within the sterile surgical field. The motion
mapping strategy for surgeon’s console 114 is designed to be
both intuitive and ergonomic. To do this, the motion mapping
takes advantage of vision and hand workspace collocation.
See example, U.S. Pat. No. 7,155,315 (filed Dec. 12, 2005,
disclosing “Camera Referenced Control ina Minimally Inva-
sive Surgical Apparatus”), which is incorporated herein by
reference in its entirety.

[0128] Surgeon 195 (FIG. 1B)sits at surgeon’s console 114
and looks into a stereo viewer to see a three-dimensional
image from stereoscopic endoscopic 112. The three-dimen-
sional image is presented to surgeon 195 in animmersive way,
so that it appears that surgeon 195 is seeing the surgical field
directly with her/his own eyes. The stereo vision is scaled
such that it perceptually matches the surgeon’s own hand-eye
workspace. Furthermore, the stereo vision is oriented so that
the scene extends in depth along the principal look direction
of the surgeon’s head, where the head is angled downward by
sixty degrees.

[0129] As a result of this setup, the visual space of the
surgeon perceptually overlaps with the space in which the
surgeon moves the master tool manipulators. This architec-
ture ultimately gives the impression that the teleoperated
slave surgical instruments are the surgeon’s own hands.
[0130] Thus, the conventional system accommodates an
ideal mapping of the hand-eye space for controlling teleop-
erated slave surgical instruments. As just noted, when looking
at the instruments in the endoscopic view, itis common for the
surgeon to perceive that the instruments are in fact her’his
own hands.

Control System—Body-Centric Mapping

[0131] As described above, patient-side surgeon interface
150allows display device 660 to be positioned and oriented in
varying ways with respect to surgeon 601. The conventional
collocation mapping, described above, dictates that surgeon
601 would have to move her/his hands along the look direc-
tion of stereoscopic display 660 to move the instruments
along the endoscopic view direction 7. This approach may
be acceptable for a stereoscopic display device such as that
illustrated in FI1G. 3C, where the surgeon looks down into
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display device 160B, but is unacceptable for display devices
where the surgeon’s view is more horizontal.

[0132] Additionally, surgeon 601 would have to move her/
his hands up and parallel to the display to move the instru-
ments up in directionY , in the endoscopic view. However, this
can lead to awkward and non-ergonomic motions when dis-
play device 660 is not directly in front of surgeon 601. It
would be fatiguing for surgeon 601 to have to continually lift
the arms to move the hands up and into display device 660.

[0133] To overcome these problems associated with trying
to use the conventional visual space, a body-centric mapping
is applied, which allows surgeon 601 to register movements
relative to her/his own posture. In the example of FIG. 6B, a
body-centric coordinate frame 610 includes a body-centric
z-coordinate axis Z,_, a body-centric x-coordinate axis X, _,
and a body-centric y-coordinate axis Y ..

[0134] InFIG. 6B, body-centric z-coordinate axis Z,,.1s an
axis along which motion of master tool grip 670 is away from
and towards torso 601T of surgeon 601. Body-centric x-co-
ordinate axis X, 1is an axis along which motion of master tool
grip 670 is from the left and to the right with respect to torso
601T of surgeon 601. Body-centric y-coordinate axis Y. is
an axis along which motion of master tool grip 670 is up and
down with respect to torso 601T of surgeon 601.

[0135] In the image on display device 660, endoscopic
view z-coordinate axis Zis an axis along the endoscopic view
direction, which is into and out of the image on display 660.
Endoscope view x-coordinate axis X is an axis that extends
from right to left in the image on display 660. Endoscope view
y-coordinate axis Y is an axis that extends up and down in the
image on display 660. Coordinate frame 610 is illustrated on
display 660 for ease of discussion and is not normally
included in the image on display 660. In one aspect, the
display coordinate frame for the image on display 660 is the
same as endoscopic view coordinate frame 610.

[0136] Also, in the image on display device 660 is an end
effector 661 of a teleoperated slave surgical instrument for
which a tip coordinate frame 630 is defined. Tip z-coordinate
axis 7, of end effector 661 is an axis along the longitudinal
axis of the image of the teleoperated slave surgical instrument
on display 660. Tip x-coordinate axis X, and tip coordinate
axis Y, define a plane perpendicular to axis Z,.

[0137] Note that for convenience the image of slave surgi-
cal instrument end effector 661, sometime referred to as slave
surgical instrument tip 661, is used in this description, as this
is what the surgeon sees moving. The movement of this image
corresponds directly to the movement of the teleoperated
slave surgical instrument tip itself. One knowledgeable in the
field understands that movement of the image is a direct result
of movement of the tip itself by the robot arm in response to
a control command from control system 190A, as described
herein.

[0138] Note that control system 190A maps both data in
body centric coordinate frame 620 and data in surgical instru-
ment tip coordinate frame 630 to endoscopic view coordinate
frame 610, which is sometimes referred to as a common
coordinate frame. This mapping is used in translating move-
ment of master tool tracker 660 to movement of surgical
instrument tip 661 in the display coordinate frame.

[0139] For example, when seated or standing, surgeon 601
may move master tool grip 670 away from her/his torso 601T
along body-centric z-coordinate axis Z,,.. Master tool grip
670, in this aspect, senses the motion in three-dimensional
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coordinate frame 610 and provides the sensed spatial infor-
mation 721 and sensed orientation information 722 to control
system 190A.

[0140] In control system 190, a hand tracking controller
704 receives the sensed information, e.g., either or both of
sensed spatial information 721 and sensed orientation infor-
mation 722, and outputs new spatial position data (X,_, V..,
7,,.) and new orientation data (Pitch, Yaw, Roll). In one aspect,
hand tracking controller 704 also is coupled to hand-tracking
transmitter 175 and controls the field transmitted by transmit-
ter 175.

[0141] Spatial position data (x,,, Y,., Zs.) and orientation
data (Pitch, Yaw, Roll) are mapped to endoscopic view coor-
dinate frame 610. Using the new mapped data and the current
position of end effector 661 in endoscope view coordinate
frame 610, the information needed to move end effector 661
to the new position in endoscope view coordinate frame 610
is determined. This information is sent in a control command
to the slave instrument. In response to the control command,
the teleoperated slave surgical instrument moves the tip along
the endoscopic view direction to correspond to the motion of
master tool grip 670 along body-centric z-coordinate axis
7, Consequently, slave instrument tip image 661 in display
device 660 moves along z-coordinate Z..

[0142] Similarly, moving master tool grip 670 up along
body-centric y-coordinate axis Y,,. moves the slave instru-
ment so that slave instrument tip image 661 in display device
660 moves up along endoscope view y-coordinate axis Y,
i.e., the image moves up on display device 660. Moving
master tool grip 670 left along body-centric x-coordinate axis
X, moves the slave instrument so that slave instrument tip
image 661 in display device 660 moves left across the display
along endoscope view x-coordinate axis X_.

[0143] This mapping strategy relaxes the assumption that
the head, body and arms of surgeon 601 are all aligned with
the display coordinate frame. The orientation of the body-
centric coordinate frame can be directly managed by surgeon
601. This allows surgeon 601 to manage both ergonomics of
the mapping as well as accommodate more flexibility in the
arrangement of the surgeon, patient, endoscope and endo-
scopic display.

[0144] One option is to allow surgeon to otient transmitter
175 used by the hand tracking system, e.g., to rotate trans-
mitter 175 using turntable 331 (FIG. 3B). Another related
option is to attach a lightweight transmitter 175 in a wearable
fashion to the surgeon, so that measured motions are always
relative to the surgeon’s torso. An alternative is to allow the
surgeon to make a pointing or motion gesture to define the
orientation frame.

[0145] A magnetic hand tracking controller, sensors foruse
in the master tool grip, and a hand-tracking transmitter suit-
able for use in one embodiment of this invention are available
from Ascension Technology Corporation of Burlington, Vt.,
USA as a 3D guidance TrakSTAR™ System with a Mid-
Range Transmitter. (TrakSTAR™ is a trademark of Ascen-
sion Technology Corporation.). The transmitter generates
pulsed DC magnetic fields for high accuracy tracking over
medium ranges, which is specified as 78 centimeters (31
inches.) This system provides dynamic tracking with 240 to
420updates/second for each sensor. The miniaturized passive
sensor outputs are unaffected by power-line noise sources. A
clear line-of-sight between the transmitter and sensors is not
required. There is all attitude tracking and no inertial drift or
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optical interference. There is high metal immunity and no
distortion from non magnetic metals.

Control System—FErgonomic Wrist Orientation Mapping

[0146] With patient-side surgeon interface 150, display
device 160 is not always angled downward by sixty degrees
like the console stereo viewer. If display device 160 were
oriented too vertically, (i.e., the surgeon’s view is normal to
the display screen and essentially horizontal) to reproduce the
conventional configuration between the three-dimensional
image and the master tool grips, surgeon 101 would need to
bend her/his wrists 515A, 515B backward into an uncomfort-
able pose as depicted in FIG. 5A, or otherwise hold the
forearms in an uncomfortable pose. While it is possible to
operate the slave surgical instruments in such a position,
surgeon 101 would find the unnatural position ergonomically
undesirable.

[0147] Consequently, in one aspect, a fixed rotational offset
is used for mapping wrist orientation motions in the body-
centric coordinate frame. Specifically, the sensed orientation
data from master tool grip 170A, 170B that is received by the
servo control loop within control system 190A (FIG. 7) is
rotated by a fixed offset. This is represented in FIG. 6B by
coordinate frame 620R A fixed offset in the range —45 degrees
to =30 degrees has been shown to work well at mitigating this
ergonomic problem while still preserving intuitive control.
The improved ergonomic pose 515A1, 515B1 permitted by
used of this fixed rotational offset is illustrated in 5B.

[0148] Theanthropomorphic nature of this mapping aspect
is that the wrist control is no longer mapped in an absolute
one-to-one mapping that is based solely on the mechanical
and vision components of the system design. The mapping is
instead modified to accommodate a more comfortable wrist
range of motion of a human user.

Control System—Ratcheting System

[0149] A conventional minimally invasive, teleoperated
surgical system required the surgeon to wait until the orien-
tation of the master tool grip and the slave surgical instrument
end effector were positioned so that the following mode could
be entered without causing an abrupt unwanted slave motion.
However, in control system 190A, a ratcheting system mod-
ule 730 (FIG. 7). within teleoperation servo control loop
module 760 is activated, e.g., executed on processor module
701, when surgeon 101 starts to move master tool grip 170.
Ratcheting system module 730 as well as module 760 are
stored in memory 780. Irrespective of the orientation error
between master tool grip 170 and the end-effector of slave
surgical instrument 110, the teleoperation servo control loop
system enters the following mode between master tool grip
170 and the surgical instrument end effector, sometimes
called a slave surgical instrument tip 661.

[0150] Ratcheting system module 730 seamlessly and con-
tinuously improves the orientation of master tool grip 170
with respect to the slave surgical instrument tip, as master tool
grip 170 is moved. Ratcheting system module 730 ratchets
the orientation of the slave surgical instrument tip to continu-
ously and seamlessly reduce any orientation error between
the slave surgical instrument tip and master tool grip 170.
Master tool grip movements that are towards the slave orien-
tation are used to improve the master/slave mapping, but
master tool grip movements that are away from the slave
orientation are not, and so the master/slave alignment is con-
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tinually ratcheted towards a proper intuitive relationship that
the surgeon can experience. Execution of ratcheting system
module 730 achieves the orientation alignment without
autonomous motion of either master tool grip 170, or the slave
surgical instrument tip.

[0151] Execution of ratcheting system module 730 results
in intuitive orientation alignment between master tool grip
170 and the slave surgical instrument tip as viewed by sur-
geon 101 in display device 160. Also, ratcheting system mod-
ule 730 provides a direct association between what surgeon
101 is doing (manipulating master tool grip 170) and what
surgeon 101 is seeing on display device 160 (movement ofthe
slave surgical instrument tip in display device 160). One
example of such ratcheting is described in more detail in
copending and commonly assigned U.S. patent application
Ser. No. 12/495,213 (filed Jun. 30, 2009; disclosing “Ratch-
eting for Master Alignment of a Teleoperated Minimally-
Invasive Surgical Instrument”), which is incorporated herein
by reference in its entirety.

Control System—Proxy Visual System

[0152] As described above, proxy visuals can be used by a
surgeon to proctor another surgeon. In this example, surgeon
195 (FIG. 1B) is proctored by surgeon 101 using patient side
surgeon interface 150. However, this configuration is illustra-
tive only. For example, surgeon 101 could use master tool grip
170A (FIG. 2) to control a proxy visual, while surgeon 195
uses master tool grip 170B to control teleoperated slave sur-
gical instrument 110. Any master tool grip can be assigned to
a proxy visual and a surgeon can use that master tool grip to
proctor another surgeon using a different master tool grip.
Patient side surgeon interface 150 facilitates such proctoring
without requiring a second surgeon’s console, or even a first
surgeon’s console.

[0153] To facilitate proctoring, a proxy visual module 750
is processed as part of the vision processing subsystem in one
aspect. The module receives the position and orientation of
the master tool grips and renders stereo images, which are
composited with the endoscopic camera images in real time
and displayed on the surgeon console, assistant display, and
patient-side surgeon interface display 160. When surgeon 101
initiates proctoring by taking a predefined action, a proxy
visual system loop is activated, e.g., module 750 is executed
on processor module 701. The particular action used as the
predefined action is not essential so long as control system
190A is configured to recognize that action.

[0154] In one aspect, the proxy visual is a virtual ghost
instrument 811 (FIG. 8) controlled by master tool grip 170,
while teleoperated slave surgical instrument 810 is controlled
by one of the master tool manipulators of surgeon’s console
114. Surgeon 101 sees both instruments 810 and 811 in dis-
play device 160, while surgeon 195 sees both instrument 810
and 811 in the stereoscopic display in surgeon’s console 114.
The use of virtual ghost instrument 811 as a proxy visual is
illustrative only and is not intended to be limiting to this
particular image. In view of this disclosure, other images can
be used for the proxy visual, which facilitate differentiation
between the image representing the proxy visual and the
image of the actual end effector of the teleoperated slave
surgical instrument.

[0155] Virtual ghost instrument 811 appears similar to
actual instrument 810, except virtual ghost instrument 811 is
displayed in a way that clearly distinguishes virtual ghost
instrument 811 from actual instrument 810 (e.g., a transparent
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or translucent ghost-like image, a distinctly colored image,
etc.). The control and operation of virtual ghost instrument
811 is the same as that described above for an actual teleop-
erated surgical instrument. Thus, surgeon 101 can manipulate
virtual ghost instrument 811 using master tool grip 170 to
demonstrate the proper use of teleoperated slave surgical
instrument 810. Surgeon 195 can mimic the motion of virtual
ghost instrument 811 with instrument 810.

[0156] Virtual ghost instruments are described more com-
pletely in commonly assigned United States Patent Applica-
tion Publication No. US 2009/0192523 A1 (filed Mar. 31,
2009; disclosing “Synthetic Representation of a Surgical
Instrument”), which is incorporated herein by reference in its
entirety.

Control System—Process Flow

[0157] FIG. 9 is a process flow diagram for one aspect of a
method 900 implemented in a control system 190, 190A ina
minimally invasive surgical system 100 including a movable
display device 160, a master tool grip 170, a hand-tracking
transmitter 175, and a teleoperated slave surgical instrument
110. In RECEIVE NEW SENSED MASTER MOTION
DATA operation 901, new sensed spatial data, new sensed
orientation data, or both are received by control system 190.
Operation 901 transfers processing to safety interlocks check
operation 902.

[0158] SAFETY INTERLOCKS check operation 902
determines whether the states of the safety interlocks indicate
that a following mode operation between at least one master
tool grip and a slave surgical instrument is permitted. In
addition to the various interlocks described above, another
safety interlock is that the surgeon must orient the master grip
to roughly match the perceived orientation of the instrument
tip to be controlled before initiating the following mode. A
total orientation misalignment tolerance of 45 degrees has
been found to work well. This tolerance setting is loose
enough for the surgeon to reliably match while still resulting
in intuitive alignment when following initiates. Residual mis-
alignment is reduced while in following using ratcheting
system module 730. Grip closure must also be matched
within a tolerance between the master and the slave instru-
ment tip before entering the following mode.

[0159] If for example, any one of the presence switches,
described above, indicates no presence, an indication is
received that display device 160 has been moved, or perhaps
the following mode interlocks are not true, safety interlocks
check operation 902 is false, which means that following
mode is not permissible. Thus, check operation 902 transfers
to SAVE SENSED MASTER TOOL GRIP DATA operation
903, which saves the received new data and processing
returns to operation 901, in this example.

[0160] If the states of the safety interlocks indicate that
system 100 including surgeon 101 is in the state required for
following mode operation, SAFETY INTERLOCKS check
operation 902 transfers processing to SYSTEM FOLLOW-
ING MODE check operation 904. If system 100 is entering
following mode or in following mode, check operation 904
transfers to MAP TO COMMON REFERENCE FRAME
operation 905 and otherwise to SAVE SENSED MASTER
TOOL GRIP DATA operation 903.

[0161] MAP TO COMMON REFERENCE FRAME
operation 905 maps the received new sensed data to the com-
mon reference frame. For example, if the body-centric coor-
dinate frame is used, the sensed data is in the body-centric
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coordinate frame is mapped to the endoscopic view coordi-
nate frame as described above. Also, the fixed rotational offset
to the body-centric coordinate frame is implemented in
operation 905 prior to the mapping in one aspect. In addition,
ascale factor of4:1, in one aspect, is used between motions in
body-centric coordinate frame 620 and motion in endoscope
view coordinate frame 610.

[0162] Upon completion of operation 905, RATCHET
operation 906 processes the new orientation data and GEN-
ERATE NEW SLAVE SPATTAL POSITION operation 910
processes the new position data. RATCHET operation 906
uses a saved SLAVE ORIENTATION 907, which is a current
slave orientation stored in slave orientation storage element
770 in memory 780, and the new orientation data to generate
a new relative rotation matrix and then transfers to GENER-
ATE NEW SLAVE ORIENTATION operation 908.

[0163] GENERATE NEW SLAVE ORIENTATION opera-
tion 908 generates a new slave orientation using new relative
rotation matrix and transfers processing to SEND SLAVE
ORIENTATION COMMAND operation 909. Using the new
slave orientation, operation 909 sends a command including
the slave orientation and the commanded angular velocity, in
the common frame of reference, via slave input/output (/O)
module 703, which results in the slave surgical instrument tip
being moved as directed by that command. Upon completion
operation 909, in this example, returns to operation 901.
[0164] When surgeon 101 moves master tool grip 170 in a
way that reduces the orientation error between master tool
grip 170 and the tip of slave surgical instrument 110, the
ratchet orientation process uses the reduced orientation error
in the following between master tool grip 170 and the tip of
slave surgical instrument 110, while accounting for how the
surgeon grasped master tool grip 170 and whether a roll joint
limit was encountered. Conversely, when surgeon 101 moves
master tool grip 170 in a way that increases the orientation
error between master tool grip 170 and the tip of slave surgical
instrument 110, the ratchet orientation process uses the cur-
rent orientation error, and not the increased orientation error,
in the following mode between master tool grip 170 and the
tip of slave surgical instrument tip 110.

[0165] Operations 906 to 909 are described more com-
pletely in copending and commonly assigned U.S. patent
application Ser. No. 12/495,213, which was incorporated
herein by reference above.

[0166] The ratchet orientation process seamlessly and con-
tinuously improves the absolute orientation of master tool
grip 170 with respect to the tip of slave surgical instrument
110. The ratchet orientation process achieves the continuous
improvement in absolute orientation without autonomous
motion of either master tool grip 170 or the tip of slave
surgical instrument 110.

[0167] GENERATE NEW SLAVE SPATIAL POSITION
operation 910 uses the new spatial position data of master tool
grip 670 in the common coordinate frame from operation 905
and a saved current slave surgical instrument spatial position
911 in the common coordinate frame to determine a new slave
spatial position for end effector 661 in the common reference
frame. Using the new slave spatial position, SEND SLAVE
SPATIAL POSITION COMMAND operation 912 sends a
command including the slave spatial position and the com-
manded velocity, in the common frame of reference, via slave
input/output (I/O) module 703, which results in the slave
surgical instrument tip being moved as directed by that com-
mand.

Jan. 16,2014

[0168] Although described as a control system 190, 190A it
is to be appreciated that control system 190, 190A may be
implemented in practice by any combination of hardware,
software that is executed on a processor, and firmware. Also,
its functions, as described herein, may be performed by one
unit, or divided up among different components, each of
which may be implemented in turn by any combination of
hardware, software that is executed on a processor, and firm-
ware. When divided up among different components, the
components may be centralized in one location or distributed
across system 100 for distributed processing purposes.
[0169] The above description and the accompanying draw-
ings that illustrate aspects and embodiments of the present
inventions should not be taken as limiting—the claims define
the protected inventions. Various mechanical, compositional,
structural, electrical, and operational changes may be made
without departing from the spirit and scope of this description
and the claims. In some instances, well-known circuits, struc-
tures, and techniques have not been shown or described in
detail to avoid obscuring the invention.

[0170] Further, this description’s terminology is not
intended to limit the invention. For example, spatially relative
terms—such as “beneath”, “below”, “lower”, “above”,
“upper”, “proximal”, “distal”, and the like—may be used to
describe one element’s or feature’s relationship to another
element or feature as illustrated in the figures. These spatially
relative terms are intended to encompass different positions
and orientations of the device in use or operation in addition
to the position and orientation shown in the figures. For
example, if the device in the figures is turned over, elements
described as “below” or “beneath” other elements or features
would then be “above” or “over” the other elements or fea-
tures. Thus, the exemplary term “below” can encompass both
positions and orientations of above and below. The device
may be otherwise oriented (rotated 90 degrees or at other
orientations) and the spatially relative descriptors used herein
interpreted accordingly.

[0171] Thesingular forms “a”, “an”, and “the” are intended
to include the plural forms as well, unless the context indi-
cates otherwise. The terms “comprises”, “comprising”,
“includes”, and the like specify the presence of stated fea-
tures, steps, operations, elements, and/or components but do
not preclude the presence or addition of one or more other
features, steps, operations, elements, components, and/or
groups.

[0172] All examples and illustrative references are non-
limiting and should not be used to limit the claims to specific
implementations and embodiments described herein and
their equivalents. The headings are solely for formatting and
should not be used to limit the subject matter in any way,
because text under one heading may cross reference or apply
to text under one or more headings. Finally, in view of this
disclosure, particular features described in relation to one
aspect or embodiment may be applied to other disclosed
aspects or embodiments of the invention, even though not
specifically shown in the drawings or described in the text.
[0173] While memory 780 is illustrated as a unified struc-
ture, this should not be interpreted as requiring that all
memory is at the same physical location. All or part of the
memory can be in a different physical location than a proces-
sor. Memory refers to a volatile memory, a non-volatile
memory, or any combination of the two.

[0174] A processor is coupled to a memory containing
instructions executed by the processor. This could be accom-
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plished within a computer system, or alternatively via a con-
nection to another computer via modems and analog lines, or
digital interfaces and a digital carrier line.
[0175] Herein, a computer program product comprises a
computer readable medium configured to store computer
readable code needed for any part of or all of method 900, or
in which computer readable code for any part of or all of
method 900 is stored. Some examples of computer program
products are CD-ROM discs, DVD discs, flash memory,
ROM cards, floppy discs, magnetic tapes, computer hard
drives, servers on a network and signals transmitted over a
network representing computer readable program code. A
tangible computer program product comprises a tangible
computer readable medium configured to store computer
readable instructions for any part of or all of method 900 or in
which computer readable instructions for any part of or all of
method 900 is stored. Tangible computer program products
are CD-ROM discs, DVD discs, flash memory, ROM cards,
floppy discs, magnetic tapes, computer hard drives and other
physical storage mediums.
[0176] In view of this disclosure, instructions used in any
part of or all of method 900 can be implemented in a wide
variety of computer system configurations using an operating
system and computer programming language of interest to
the user.
[0177] Further, various different minimally-invasive sys-
tems and methods can be implemented in view of this disclo-
sure.
[0178] In one a aspect, a minimally-invasive surgical sys-
tem includes:
[0179] a patient-side surgeon interface comprising:
[0180] a) a display device mounted in an operating
room; and
[0181] b) a master interface including:
[0182] amechanically ungrounded master tool grip
positioned within the operating room; and
[0183] a hand-tracking transmitter separated and
removed from the mechanically ungrounded mas-
ter tool grip wherein the mechanically ungrounded
master tool grip in combination with the hand-
tracking transmitter provides sensed position and
orientation information in a reference frame asso-
ciated with a person operating the mechanically
ungrounded master tool grip;
[0184] a teleoperated slave surgical instrument com-
prising a surgical end effector; and
[0185] a control system coupled to the mechanically
ungrounded master tool grip, to the hand-tracking
transmitter, to the display device and to the teleoper-
ated slave surgical instrument, wherein
[0186] said control system receives the sensed posi-
tion and orientation information in the reference
frame, generates a control command using the
sensed position and orientation information, and
sends the control command to move the surgical
end effector with respect to a reference frame asso-
ciated with an image displayed on the display
device.
[0187] This minimally invasive surgical system also
includes a manually operated surgical device including a
control handle, wherein the control handle is positioned such
that the person operating the mechanically ungrounded mas-
ter tool grip also operates the control handle of the manually
operated surgical device.
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[0188] In another aspect, a method of using this minimally
invasive surgical system includes:

[0189] generating sensed position and orientation infor-
mation by moving a mechanically ungrounded master
tool grip,

[0190] wherein the sensed position and orientation
information is in a reference frame associated with a
person operating the mechanically ungrounded mas-
ter tool grip;

[0191] controlling movement of an end effector of a
minimally invasive, teleoperated slave surgical instru-
ment based on the sensed position and orientation infor-
mation.

1. A surgical system comprising:

surgeon interface comprising a mechanically
ungrounded master tool grip, a hand tracking transmit-
ter, and a display device,

the mechanically ungrounded master tool grip in com-
bination with the hand-tracking transmitter being
configured to sense position and orientation informa-
tion of the mechanically ungrounded master tool grip
in a body-centric reference frame defined with refer-
ence to a person operating the mechanically
ungrounded master tool grip;

a teleoperated slave surgical instrument comprising a sur-
gical end effector; and

a control system coupled to the mechanically ungrounded
master tool grip, to the hand-tracking transmitter, to the
display device and to the teleoperated slave surgical
instrument, the control system being configured to
receive and to use the sensed position and orientation
information to generate a control command to move the
surgical end effector with respect to a reference frame
associated with an image displayed on the display
device.

2. The surgical system of claim 1 further comprising:

a manually operated surgical device including a control
handle, the control handle being configured to control
manual operation of the surgical device in response to
manipulation of the control handle by the person oper-
ating the mechanically ungrounded master tool grip.

3. The surgical system of claim 1,

wherein the surgeon interface further comprises a stereo-
scopic image viewer configured to be mounted on a
boom a fixed distance from the display device, and

wherein upon viewing the image on the display device
through the stereoscopic image viewer, a stereoscopic
image is seen.

4. The surgical system of claim 1,

wherein the surgeon interface further comprises a display
device motion interlock, and

wherein the display device motion interlock is configured
to prevent movement of the display device upon receiv-
ing a signal from the control system indicating motion of
the slave surgical instrument is following motion of the
master tool grip.

5. The surgical system of claim 1,

wherein the surgeon interface further comprises a display
device-based presence interlock, and

wherein the display device-based presence interlock is
configured to provide a signal to the control system
indicating presence or non-presence of the person oper-
ating the mechanically ungrounded master tool grip.
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6. The surgical system of claim 1,

wherein the surgeon interface further comprises a movable
boom configured to have the display device mounted
thereon, and

wherein the movable boom is configured to permit posi-

tioning of the display device about an operating table in
the operating room.
7. The surgical system of claim 1,
wherein the surgeon interface further comprises a stabili-
zation platform configured to be movable with respect to
a position of an operating table;

wherein the stabilization platform is configured to support
aperson’s forearms while grasping the master tool grip;
and

wherein the stabilization platform is configured to be

moved independent from any movement of the display
device.

8. The surgical system of claim 7, wherein the stabilization
platform includes a plurality of wheels configured to move
the stabilization platform with respect to the position of the
operating table.

9. The surgical system of claim 7, wherein the movable
stabilization platform is configured to be mounted to the
operating table.

10. The surgical system of claim 7, wherein the movable
stabilization platform is configured to be mounted to a boom.

11. The surgical system of claim 1, wherein the surgeon
interface further comprises a foot tray having at least one
pedal coupled to the control system.

12. The surgical system of claim 1, wherein the mechani-
cally ungrounded master tool grip further comprises at least
one switch coupled to the control system.

13. The surgical system of claim 12, wherein the at least
one switch is configured to provide a signal to the control
system indicating presence or non-presence of the person
operating the mechanically ungrounded master tool grip.

14. The surgical system of claim 12, wherein the at least
one switch 1s configured to provide a master clutch signal to
the control system.

15. The surgical system of claim 12, wherein the at least
one switch is configured to provide a camera control signal to
the control system.

16. The surgical system of claim 1, wherein the mechani-
cally ungrounded master tool grip further comprises a grip
sensor, wherein the grip sensor is configured to provide grip
closure information to the control system, wherein the grip
closure information is related to closure of the surgical end
effector.

17. The surgical system of claim 1, wherein the control
system further comprises a ratcheting system configured to
continuously improve an orientation of the master tool grip
with respect to an orientation of the surgical end effector as
the master tool grip is moved.
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18. The surgical system of claim 1 further comprising a
surgeon’s console coupled to the control system, wherein the
surgeon’s console includes a stereoscopic display device and
a powered master interface.

19. The surgical system of claim 18, wherein the control
system further comprises a proxy visual module coupled to
the stereoscopic display device of the surgeon’s console and
coupled to the display device of the surgeon interface, the
proxy visual module being configured to provide a proxy
visual to the stereoscopic display device and to the display
device, wherein the proxy visual is moved by moving either
of the mechanically ungrounded master tool grip and a master
tool manipulator of the surgeon’s console.

20. A method comprising:

receiving, by a controller, sensed position and orientation

information, the sensed position and orientation infor-
mation being generated by moving a mechanically
ungrounded master tool grip,

wherein the sensed position and orientation information is

in a body-centric reference frame associated with a per-
son operating the mechanically ungrounded master tool
grip; and

controlling, by the controller, movement of an end effector

of a teleoperated slave surgical instrument based on the
sensed position and orientation information.

21. (canceled)

22.In a surgical system including a surgeon interface, and
a control system, the surgeon interface comprising a
mechanically ungrounded master tool grip, a hand tracking
transmitter, and a display device, a method comprising:

generating, by the control system, a control command

based on movement of the mechanically ungrounded
master tool grip, the mechanically ungrounded master
tool grip in combination with the hand-tracking trans-
mitter being configured to sense position and orientation
of the mechanically ungrounded master tool grip in a
body-centric reference frame associated with a person
operating the mechanically ungrounded master tool
2rip;

wherein the control system receives and uses the sensed

position and orientation to generate the control com-
mand with respect to a reference frame associated with
an image displayed on the display device.

23. The method of claim 22, further comprising generating,
by the control system, a signal to prevent movement of the
display device upon the control system entering a following
mode between motion of the mechanically ungrounded mas-
ter tool grip and motion of the teleoperated slave surgical
instrument.

24. The method of claim 22, further comprising receiving,
by the control system, a signal from a presence switch indi-
cating presence or non-presence of the person operating the
mechanically ungrounded master tool grip.

25. The method of claim 24, wherein the presence switch is
included on the mechanically ungrounded master tool grip.
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