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TOOL MEMORY-BASED SOFTWARE
UPGRADES FOR ROBOTIC SURGERY

BACKGROUND OF THE INVENTION

[0001] The present invention is generally related to medi-
cal and/or robotic devices, systems, and methods. For
example, the invention allows the system software of robotic
systems used in surgery or other applications to be revised
by including update data in a memory of a tool which can be
mounted on a robotic arm. The software update may facili-
tate the use of tools which were not available when the
robotic system software was installed. In another example,
amedical device system having a disposable component and
a reusable processor may have the processor software
updated by use of a disposable instrument, thereby allowing
the instrument to be used for both treating tissues and
updating system programming.

[0002] Minimally invasive medical techniques are
intended to reduce the amount of extraneous tissue that is
damaged during diagnostic or surgical procedures, thereby
reducing patient recovery time, discomfort, and deleterious
side effects. While many of the surgeries petformed each
year in the US could potentially be performed in a minimally
invasive manner, only a portion of current surgeries use
these advantageous techniques due to limitations in mini-
mally invasive surgical instruments and the additional sur-
gical training involved in mastering them.

[0003] Minimally invasive telesurgical systems for use in
surgery have been developed to increase a surgeon’s dex-
terity and avoid some of the limitations on traditional
minimally invasive techniques. In telesurgery, the surgeon
uses some form of remote control (such as a servomecha-
nism or the like) to manipulate surgical instrument move-
ments, rather than directly holding and moving the instru-
ments by hand. In telesurgery systems, the surgeon can be
provided with an image of the surgical site at the surgical
workstation. While viewing a two or three dimensional
image of the surgical site on a display, the surgeon performs
the surgical procedures on the patient by manipulating
master control devices, which in turn control the motion of
servomechanically operated instruments

[0004] The servomechanism used for telesurgery will
often accept input from two master controllers (one for each
of the surgeon’s hands) and may include two or more robotic
arms. It will often be advantageous to change the position of
the image capturing device so as to enable the surgeon to
view the surgical site from another position. Mapping of the
hand movements to the image displayed from the image
capture device can help the surgeon provide more direct
control over movement of the surgical instruments.

[0005] While the new telesurgical systems and devices
have proven highly effective and advantageous, still further
improvements would be desirable. For example, a wider
variety of surgical instruments may be adapted or developed
for mounting to these new robotic arms for performing
existing and new minimally invasive procedures. By having
the flexibility of attaching a wide variety of new instruments
having new surgical end effectors to existing telesurgical
systems, surgeons may be able to perform more and more
surgical procedures using minimally invasive techniques.
The existing systems, including their software, processors,
and manipulator actuation structures, are already being
deployed in surgical rooms throughout the country and
throughout the world. Unfortunately, as new robotic surgical
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instruments are developed, updating this base of existing
capital equipment can be slow, expensive, and difficult to
implement uniformly, particularly for the robotic surgical
systems already located in other countries.

[0006] For the reasons outlined above, it would be advan-
tageous to provide improved devices, systems, and methods
for robotic surgery. It would also be advantageous to provide
improvements for other robotic applications. Similarly, as
medical instrument systems having both reusable capital
equipment with reprogrammable processors and disposable
components proliferate, it may be advantageous to provide
improved devices, systems, and methods for updating the
capital equipment, as well as providing business methods for
commercializing systems for telesurgery, robaotics, medical
instruments, and a variety of other fields.

BRIEF SUMMARY OF THE INVENTION

[0007] The present invention generally provides improved
robotic devices, systems, and methods for use in robotic
surgery and other robotic applications. The present invention
also provides improved medical instrument devices, sys-
tems, and methods for using these improved medical sys-
tems, particularly for medical systems including both a
reprogrammable processor and a limited-use medical treat-
ment probe. Business methods may also be provided by the
present invention for commercializing capital equipment
having related peripherals and limited-use components. In
some embodiments, the invention may incorporate a
memory into a limited-use component such as a robotic
surgical tool. Machine readable code cant be stored in that
tool memory with data and/or programming instructions to
be implemented by the system processor. This can allow the
programming of the system processor to be effectively
updated by shipping of new surgical robotic tools or other
disposables. Optionally, once the update data or program-
ming instructions have been downloaded by the processor
from a tool, subsequent tools can take advantage of the
updated processor programming without requiring repeated
downloading of the new software. This can avoid delays and
expense, for example, when surgical instruments are repeat-
edly removed and attached to a robotic arm during one or
more surgical procedures.

[0008] In a first aspect, the invention provides a robotic
system comprising a robotic arm having a tool holder and a
signal interface. A plurality of robotic tools are each receiv-
able by the holder for manipulation by the robotic arm. A
processor has a memory and is coupled to the robotic arm.
The processor memory comprises robotic tool data associ-
ated with the plurality of tools. The processor directs move-
ment of a robotic tool received by the tool holder using
associated tool data from the processor memory. A first
additional tool has a memory with additional tool data or
code. The memory of the processor may lack this additional
tool data or code prior to coupling of the first additional tool
to the robotic arm. The first tool transmits the additional tool
data or code to the processor via the tool signal interface.
The processor stores the additional data or code in the
processor memory for use in directing movement of the
robotic arm after the first additional tool is removed from the
tool holder. The additional data or code may also be used
while the first additional tool is still mounted to the arm.
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[0009] In the exemplary embodiments, the tools comprise
surgical robotic tools having a plurality of differing surgical
end effectors, so that the robotic system comprises a surgical
robotic system.

[0010] The first additional tool may have a tool type
identifier. A second additional tool may also have the same
tool type identifier. The processor may store the additional
tool data from the first additional tool in the memory, and
may, in response to the tool type identifier of the second
additional tool, direct movement to the robotic arm using the
additional tool data from the processor memory when the
second additional tool is received by the tool holder. By
making use of the additional tool data from the memory
rather than downloading this new data each time a new tool
is attached the system may avoid system delays during tool
changes.

[0011] The processor may store the additional tool data in
an update list of the processor memory. The update list may
comprise data associated with a plurality of additional tools
of differing types. The processor memory may also comprise
a native list of data associated with the plurality of tools.
[0012] The processor may give priority to the additional
tool data of the update list over the tool data of the native list
when similar tool identifiers are included on both so as to
allow effective revisions to the tool data of known tools. The
memory may also include a reject tool list, with the proces-
sor inhibiting use of an additional tool having a rejected tool
identifier included on the reject tool list.

[0013] The processor may comprise machine readable
code for directing movement of the tools. The machine
readable code may embody a software capability identifier,
often in the form of a software revision identifier, and the
additional tool data may specify a minimum software capa-
bility and/or revision. The processor may inhibit use of the
first additional tool if the software revision is older than the
minimum software revision. This allows, for example, a
distributor of the tools to specify a minimum processor
software capability if a new tool is to be used, for example,
so that a tool requiring a particular subroutine will only be
used on systems having processors that include that subrou-
tine.

[0014] A second tool may include machine readable code
embodying tool data, including tool-movement directing
data and a maximum software revision. The processor may
direct movement of the second tool using tool data from the
memory of the processor when the software revision iden-
tifier of the processor is older than the maximum specified
software revision of the second tool. This allows the pro-
cessor to selectively make use of resident tool data in a
memory of the processor rather than taking time to down-
load that same information from an additional tool which
has been sitting for several months or years, long after the
processor software has already been updated, and possibly
after the data in the tool memory has been updated.

[0015] At least some of the plurality of tools may com-
prise legacy tools lacking some or all of the additional tool
data. The additional tool data may include an indicator or
flag so as to alert the processor that it should make use of the
additional tool data. This indicator or flag may be turned off
or negated in the legacy tools.

[0016] Optionally, an input device may be coupled to the
processor for receiving input movements, with the processor
effecting an output movement of a tool received by the tool
holder corresponding to the input movement so that the
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robotic system comprises a master-slave robotic system. A
first configuration time may correspond to configuring the
processor for directing movement using the tool data from
the memory, and a second configuration time may corre-
spond to configuring the processor for directing movement
using additional tool data downloaded from the mounted
tool. The second configuration time may be longer than the
first configuration time. The processor may be adapted to
limit cumulative configuration time by storing the additional
tool data from the first tool in the memory, and using that
stored additional data for the first additional tool (after
removal and attachment), a second additional tool, and/or
the like.

[0017] In another aspect, the invention provides a medical
instrument system comprising a plurality of medical instru-
ments. Fach instrument has a tissue treatment delivery
surface and an interface. A processor has an interface
sequentially couplable with the instrument interfaces. The
processor has a memory storing code or data, and controls
treatment delivered by the tissue treatment delivery surfaces
of the instruments using the stored code or data. A first
additional instrument has a tissue treatment delivery surface,
an instrument memory, and an interface coupled to the
instrument memory so as to provide communication
between the instrument memory and the processor when the
additional instrument interface is coupled to the processor
interface. The processor is configured to store update code or
data from the instrument memory in the memory of the
processor. A second additional tool has a tissue treatment
delivery surface and an interface. The processor controls
treatment delivered by the tissue treatment delivery surface
of the second additional tool using the update code or data
communicated from the instrument memory of the first
additional instrument.

[0018] In many embodiments, the plurality of medical
instruments will comprise a plurality of medical instrument
types. Each medical instrument may have an instrument
memory coupled to the interface. The memory may com-
prise a type identifier, each instrument type having associ-
ated instrument type data embodied by the machine readable
code. The processor may direct treatment via the tissue
treatment surface of an instrument coupled with the proces-
sor using associated instrument data in response to the type
identifier of the coupled instrument. The second additional
instrument may have the same type identifier as the first
additional instrument.

[0019] In another aspect, the invention provides a robotic
method comprising sequentially mounting a plurality of
robotic tools of different types to a robotic arm. Movement
of each sequentially mounted robotic tool is directed with a
processor using data or code associated with the mounted
robotic tool type. The data or code for the plurality of tools
is stored in the memory of the processor. A first additional
robotic tool is mounted to the robotic arm. Update tool data
or code is transmitted from a memory of the first tool to the
processor. Movement of the robotic arm is directed by the
processor using the update tool data or code.

[0020] The tools may comprise surgical robotic tools
having a plurality of different surgical end effectors. The
movement of the surgical end effectors may be directed by
a surgeon moving an input device so as to perform a surgical
procedure. Hence, the robotic arm and input device may be
components of a master-slave surgical robotic system.
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[0021] There will often be a configuration time or a
download delay involved when the processor downloads the
additional tool data from a mounted tool. This configuration
time may be substantially greater than the time involved in
configuring the processor for directing movement of a tool
when the desired data is already resident in a memory of the
processor. To limit the overall reconfiguration time and
avoid delays during tool changes, the processor may store
the additional tool data downloaded from a mounted tool for
use with other tools of a similar type. The additional tool
data may be stored in an update list of the memory, while the
tool data associated with the known tool types may be stored
in a native list of the memory of the processor. When a tool
identifier is listed in both the native memory (so that the tool
was known when the processor software revision was loaded
into the processor, for example) but the tool data is later
updated (for example, to lower a grip strength limit to
increase safety margins based on experience when using the
tool in the field) the same tool type may be included in both
lists. Under such circumstances, it may be advantageous to
give priority to the update list, for example, by checking the
update list first, and if a tool identifier is found therein,
making use of that information and not going on to check the
native list. This allows tool data to be effectively updated by
distributing appropriate additional tools having revised tool
data. Additional options include a reject list in the processor
memory, with the processor inhibiting use of a tool having
a tool identifier included on the reject tool list.

[0022] The invention can facilitate the distribution of tools
which are intended for use with existing robotic systems and
other capital equipment, but which tools have been devel-
oped after the systems have been installed in the field.
However, not all previously installed systems may have the
capability of utilizing newly-developed tools. For example,
an installed robotic surgery system may have software that
is not configured to accommodate a sliding joint at the distal
end effector. If a new tool is developed which makes use of
such a sliding joint, it may be easier to update the software
of an installed robotic surgery system using magnetic or
optical recording media, a network, or other conventional
means, rather than taking the time to download an extensive
software revision via a surgical robotic tool coupled to a
robotic surgery system in the middle of a surgical procedure.
Similarly, if a new tool is developed which requires hard-
ware that is not installed on some robotic systems, such as
an ultrasound driver for an ultrasound tool. Advantageously,
the processor memory may store system capability data, and
the additional tool data may identify a minimum system
capability. The processor can inhibit use of the first addi-
tional tool if the system capability data is incompatible with
the minimum system capability of the first additional tool.
For example, the processor in the memory may store a
software revision identifier and the additional tool data may
include a minimum software revision.

[0023] After a tool has been distributed to systems in the
field for an extended period of time, software revisions may
be implemented on the installed systems for a variety of
reasons. If the programming of the processor is to be
updated, it will often be advantageous to avoid any time
delay involved in downloading tool data to the processor
memory by including the additional tool data with a system
software revision. The memory of the processor may store a
software revision identifier, and a second tool may have a
tool memory with tool data including a maximum software
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revision. Although the tool memory may also include data
for use in directing movement to the tool, the processor may
direct movement of the second tool using tool data from the
processor memory in response to the software revision
identifier of the processor being older than the maximum
software revision of the second tool. This may avoid, for
example, the use of obsolete tool data stored on a memory
of an old tool.

[0024] At least some of the plurality of the tools may
comprise legacy tools. Such legacy tools need not necessar-
ily include a tool memory with tool data sufficient for using
the tool if the tool is not known to the robotic system.
Nonetheless, a tool type identifier may be transmitted from
each legacy tool mounted on the arm to the processor. The
processor may identify the tool data in the processor
memory using the transmitted tool type identifier. Option-
ally, the processor may differentiate between legacy tools
and tools having full downloadable additional tool data
based on data transmitted from the tool. Ideally, systems sold
after legacy tools will still be compatible with the earlier-
distributed legacy tools, while many newly-distributed tools
having downloadable tool data will still be compatible with
older systems, even if the older systems cannot fully take
advantage of the downloadable data.

[0025] In another aspect, the invention provides a method
comprising mounting a first robotic tool to a robotic arm.
Movement of the mounted first tool is directed with a
processor using first tool data. The first tool data is stored in
a memory of the processor prior to mounting the first tool.
A second robotic tool is mounted to the robotic arm. The
second robotic tool has a memory with data associated with
the second robotic tool. The second tool data is transmitted
from the second tool to the processor. Movement of the
mounted second tool is directed with the processor using the
transmitted second tool data.

[0026] The second tool data need not be stored in the
memory of the processor prior to mounting the second tool.
A third robotic tool may be mounted to the robotic arm. The
third robotic tool may have a tool identifier corresponding to
a tool identifier of the second tool. Movement of the third
tool may be directed by the processor using the transmitted
second tool data. This can avoid repeated delays that might
be imposed by downloading similar tool data from tools of
the same type into the processor.

[0027] The third tool may be mounted to the robotic arm
prior to mounting the second tool. Movement of the third
tool may be directed using third tool data prior to mounting
of the second tool. The second tool data may supercede the
third tool data for tools having the same tool type identifier
as the second tool after the second tool is mounted.

[0028] In another aspect, the invention provides a medical
instrument system revision method comprising sequentially
coupling a plurality of medical instruments to a processor,
each instrument having a tissue treatment delivery surface
and an interface. Treatment delivery by the tissue treatment
delivery surfaces of the sequentially coupled instruments
may be controlled using data stored in a memory of the
processor. A first additional instrument may be coupled to
the processor. The first additional instrument may have a
tissue treatment delivery surface and an instrument memory.
Update data may be transmitted from the memory of the
additional instrument to the processor. The transmitted
update data may be stored in the memory of the processor,
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and treatment delivery from a tissue treatment delivery
surface of a second additional tool may be controlled using
the stored update data.

[0029] The update data may optionally define a machine
readable code embodying program instructions for imple-
menting method steps for treating tissue using the tissue
treatment delivery surface of a tool. Optionally, the update
data may comprise data representing physical parameters of
a treatment tool type. For example, when used with a
surgical robotic system, the update data may represent
geometric joint locations, tool strength limits, offsets, and
the like.

[0030] The additional instrument may be decoupled from
the processor and later recoupled back with the processor.
The treatment delivery may be controlled with the recoupled
additional instrument using the stored update data so as to
avoid repeated downloading of the update data from the
memory of the additional instrument.

[0031] In another aspect, the invention provides a method
comprising providing a plurality of systems. Each system
has a processor, and the systems are provided to a plurality
of customers. A plurality of peripheral or limited-use devices
are distributed to the customers. Each device can be coupled
to a system so as to perform a primary function. Program-
ming code or data of the processors are updated using
memories of the coupled devices so as to alter the perfor-
mance of the primary function after the devices are
decoupled from the systems.

BRIEF DESCRIPTION OF THE DRAWINGS

[0032] FIGS. 1A and 1B are perspective views illustrating
a master surgeon console for inputting a surgical procedure
and a robotic patient-side cart for robotically moving sur-
gical instruments at a surgical site, respectively.

[0033] FIG. 2 is a side view showing an exemplary input
device for use with the master control station of FIG. 1A.

[0034] FIG. 3 is a perspective view of an exemplary
robotic surgical instrument or tool having a memory and a
data interface.

[0035] FIG. 4 shows a block diagram representing control
steps followed by the control system of a minimally invasive
surgical robotic apparatus in effecting movement of the end
effector of the tool of FIG. 3 in response to movement of the
input device of FIG. 2.

[0036] FIG. 5is a functional block diagram schematically
illustrating components of a robotic surgical system accord-
ing to the principles of the present invention.

[0037] FIGS. 6A and 6B schematically illustrate addi-
tional or “new” tool data, and legacy tool data, respectively,
as stored in memories of robotic surgical tools for use in the
system of FIG. 5.

[0038] FIG. 7 is a flow chart illustrating program software
embodying a method for using the system of FIG. 5, in
which tools or surgical instruments can be used to update the
software of a robotic surgical system.

[0039] FIG. 8 is a flow chart illustrating program software
embodying an alternative method for use of the system in
FIG. 5.

[0040] FIGS. 8A-8F are perspective views of a variety of
different end effectors for tools of different types.
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DETAILED DESCRIPTION OF THE
INVENTION

[0041] The present invention generally provides robotic
and/or medical instrument systems, devices, and methods.
The invention is particularly useful for updating reconfigu-
rable control systems for robotic and medical instrument
processors, often allowing upgrades to be implemented in
systems having processors that were programmed for use
with a variety of instruments or tools. By including a
memory with a new instrument or tool, and by including a
data interface in the coupling arrangement between the
instrument or tool and the system processor, the instrument
or tools may be used as a software update distribution
mechanism. This allows a system manufacturer to increase
the software capabilities of robotic or medical instrument
systems sold to customers throughout the US and/or
throughout the world, without requiring that support per-
sonnel personally visit the installed instruments, and without
having to rely entirely on telecommunications links such as
the Internet.

[0042] While the most immediate application for the pres-
ent invention may include robotic surgical systems, the
inventions described herein may also find applications in
other robotic systems. Along with master-slave telerobotic
systems, the invention may find applications in more con-
ventional autonomous industrial robots and the like. The
invention may also find advantageous applications for use in
other medical instrument systems, particularly those having
both reprogrammable processors and disposable or other
limited-use treatment probes. The invention may find appli-
cations in computing and telecommunication systems to
allow programming to be updated using peripheral or dis-
posable elements having some other primary purpose,
including updating of the software of a printer or computer
using a memory of an ink-jet (or other) printing cartridge, or
the like.

[0043] A tool or instrument used to reprogram the system
software is sometimes referred to as an “update” tool or
instrument, an “additional” tool or instrument, and/or a
“new” tool or instrument. As used herein, the term “tool”
encompasses robotic tools that have robotic end effectors for
coupling to robotic systems. The term “instrument” encom-
passes medical instruments including those having medical
treatment surfaces (such as surgical end effectors in the form
of graspers, scalpels, electrosurgical probes, ultrasound
probes, and the like). In the exemplary embodiment, a
robotic surgical system makes use of any of a series of
removable and replaceable end effectors supported by a
robotic arm, so that the end effector assembly is both a tool
and an instrument. In robotic embodiments used in non-
surgical applications, the end effector assembly may com-
prise a robotic tool that is not a medical instrument. Simi-
larly, in non-robotic medical instrument embodiments, the
instrument assembly having the treatment surface need not
be an articulable robotic tool. Nonetheless, those skilled in
the art should understand that non-medical robotic systems
and non-robotic medical instrument systems may include
many of the components, programming, and interactions
described herein.

[0044] The data, reprogrammable software, program
method steps, and method steps described herein may be
embodied in a machine readable code and stored as a
tangible medium in a wide variety of differing configura-
tions, including random access memory, non-volatile
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memory, write once memory, magnetic recording media,
optical recording media, and the like. Hence, the term
“code” can encompass both programming instructions and
data. Along with software, at least some of the programming
and data may be embodied in the form of hardware or
firmware. The term “additional data” encompasses revised,
corrected, or different parameters or other information, as
well as new parameters and the like.

[0045] Referring to FIG. 1A of the drawings, an operator
workstation or surgeon’s console of a minimally invasive
telesurgical system is generally indicated by reference
numeral 200. The workstation 200 includes a viewer 202
where an image of a surgical site is displayed in use. A
support tool 4 is provided on which an operator, typically a
surgeon, can rest his or her forearms while gripping two
master controls (see FIG. 2), one in each hand. The master
controls or input devices are positioned in a space 206
inwardly beyond the support 204. When using the control
workstation 200, the surgeon typically sits in a chair in front
of the control station, positions his or her eyes in front of the
viewer 202 and grips the master controls, one in each hand,
while resting his or her forearms on the support 204.
[0046] In FIG. 1B of the drawings, a cart or surgical
station of the telesurgical system is generally indicated by
reference numeral 300. In use, the cart 300 is positioned
close to a patient for which surgery is planned, and the base
of the cart is then maintained at a stationary position until a
surgical procedure has been completed. Cart 300 typically
has wheels or castors to render it mobile. The workstation
200 is typically positioned at some distance from the cart
300, optionally being separated by a few feet within an
operating room, although cart 300 and workstation 200 may
alternatively be separated by a significant distance.

[0047] The cart 300 typically carries three robotic arm
assemblies. One of the robotic arm assemblies, indicated by
reference numeral 302, is arranged to hold an image cap-
turing device 304, e.g., an endoscope, or the like. Fach of the
two other arm assemblies 10 includes a surgical instrument
14. The endoscope 304 has a viewing end 306 at a distal end
of an elongate shaft. Endoscope 304 has an elongate shaft to
permit viewing end 306 to be inserted through an entry port
into an internal surgical site of a patient’s body. The endo-
scope 304 is operatively connected to the viewer 202 to
display an image captured at its viewing end 306 on the
viewer. Each robotic arm assembly 10 is normally opera-
tively connected to one of the master controls. Thus, the
movement of the robotic arm assemblies 10 is controlled by
manipulation of the master controls. The instruments 14 of
the robotic arm assemblies 10 have end effectors mounted on
wrist members, which are in turn pivotally mounted on distal
ends of elongate shafts of the instruments 14. Instruments 14
have elongate shafts to permit the end effectors to also be
inserted through entry ports into the internal surgical site of
a patient’s body. Movement of the end effectors relative to
the ends of the shafts of the instruments 14 is also controlled
by the master controls.

[0048] The robotic arms 10, 302 are mounted on a carriage
97 by means of setup joint linkages 95. The carriage 97 can
be adjusted selectively to vary its height relative to a base 99
of the cart 300, as indicated by arrows K. The setup joint
linkages 95 are arranged to enable the lateral positions and
orientations of the arms 10, 302 to be varied relative to a
vertically extending column 93 of cart 300. Accordingly, the
positions, orientations and heights of the arms 10, 302 can
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be adjusted to facilitate passing the elongate shafts of the
instruments 14 and the endoscope 304 through the entry
ports to desired positions relative to the surgical site. When
the surgical instruments 14 and endoscope 304 are so
positioned, the setup joint arms 95 and carriage 97 are
typically locked in position. Workstation 200 and cart 300
are described in more detail in U.S. Pat. No. 6,424,885, the
full disclosure of which is incorporated herein by reference.
[0049] An exemplary input device 220 and surgical instru-
ment 14 are illustrated in FIGS. 2 and 3, respectively. Input
device 220 includes an arm 222 and a wrist 224 which allow
positional and orientational movement of an input handle
226 relative to the structure of workstation 200 (see FIG.
1A). Handle 226 will generally move with a plurality of
degrees of freedom relative to the workstation structure, the
exemplary input device 220 providing six degrees of free-
dom for movement of handle 226. The linkage supporting
the handle may include more or less than six degrees of
freedom.

[0050] Referring now to FIG. 3, surgical instrument 14
generally includes a surgical end effector 50 supported
relative to a housing 53 by an elongate shaft 14.1. End
effector 50 may be supported relative to the shaft by a distal
joint or wrist so as to facilitate orienting the end effector
within an internal surgical workspace. Proximal housing 53
will typically be adapted to be supported by a holder of a
robotic arm.

[0051] As described in more detail in U.S. Pat. No.
6,331,181, the full disclosure of which is incorporated
herein by reference, instrument 14 will often include a
memory 230, with the memory typically being electrically
coupled to a data interface of a holder engaging surface 232
of housing 53. This allows data communication between
memory 232 and a robotic surgical processor of workstation
200. More specifically, as can be understood by reference to
FIGS. 1A through 4. Workstation 200 shown in FIG. 1A will
typically include a processor 210. Processor 210 effects
corresponding movement of a surgical movement 14
mounted to robotic arm 10 in response to movement of an
input handle 226.

[0052] In the exemplary embodiment, processor 210 com-
prises software embodying a control logic 212 (illustrated
schematically in FIG. 4). This control logic effects move-
ment of an end effector 50 within an internal surgical site by
pivoting an instrument shaft 14.1 about a minimally invasive
insertion point. The control logic 212 employed by proces-
sor 210 generates motor drive signals in response to an input
handle movement. These motor drive signals are transmitted
to the robot arms, and cause to effect movement at the end
effector that correspond to movement at the input handle, as
is described in more detail in the 885 patent, previously
incorporated herein by reference. As can be understood by
reference to the diagram of the control logic illustrated in
FIG. 4, the joint kinematics of both the robotic arm 10 and
the surgical instrument 14 are simulated within the control-
ler.

[0053] A wide variety of robotic surgery instrument types
are described in the patent literature. These different robotic
too types are often removed and replaced during a robotic
procedure, so as to allow the surgeon to perform differing
functions. For example, a scissor structure may be removed
and replaced with an electrosurgical scalpel. Such different
tool types may have wrists or other tool joints with different
geometries, such as differing separation distances between
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joint axes. Different tool types may also have differing
ranges of motions about each axis, different joint binding
positions or singularities, and/or other differences in their
joint geometries, as can be understood with reference to
FIGS. 8A-8F. Additionally, two different surgical instrument
end effector structures will often have differing strengths,
different inertias, different effective gearing ratios between
motion about their axes and movement of associated driving
elements, and the like. Still further differences between
different tool types may include the presence or absence of
an electrosurgical capability, the useful life of a tool, the
ability to replace end effector elements, or the like. Logic
212 of processor 210 can accommodate these differing tool
kinematics and properties when information regarding the
tool type currently mounted to a robotic arm 10 is made
available to the processor.

[0054] Referring now to FIG. §, a robotic surgical system
500 is schematically illustrated as including a master con-
troller 502 coupled to a slave robotic arm 504 so as to move
a robotic tool 506. Tool 506 is held by a tool holder 508 of
robotic arm 504. A plurality of alternative tools 510 are
available to sequentially replace tool 506 by detaching tool
506 from the holder 508, and instead engaging a selected
tool from among the plurality of tools on the robot arm. To
allow the logic of controller processor 508 to adjust for the
tool currently coupled to the slave 504 the holder 508, data
from the mounted tool is transmitted via the holder to the
slave and on to the processor 502. The transmitted tool data
typically includes a tool type identifier.

[0055] The plurality of tools 510 may include two differ-
ent groupings of tool types: “known” or “legacy” tools 512
and “new” or “additional” tools 514. Known tools 512 may
include tool types which were developed and known when
master controller processor 502 was programmed, when the
last software revision downloaded to processor 502 was
written, or the like. Known tools 512 include tools that have
tool type identifiers (sometimes referred to as Tool Unique
Identifiers (TUID)) which are included in a memory 516 of
processor 502. In some embodiments, it may be desirable to
distribute concurrently both plug-and-play or system updat-
ing tools and non-plug-and-play tools. This may decrease
average tool costs while still allowing many of the capa-
bilities described herein.

[0056] Advantageously, when a known tool (such as tool
type 110) is mounted to slave robotic arm 504, transmission
of the tool type identifier (TUID 110) to the master controller
502 via tool holder 508 provides sufficient information for
the master controller processor to reconfigure its software to
properly control movement of the slave, instrument, and end
effector. More specifically, the tool type identifier is suffi-
cient for processor 502 to look up the tool kinematic data
from the native list 518 of processor memory 516. This can
be done quite quickly, without delaying use of the robotic
tool by the surgeon.

[0057] In contrast, new tools 514 may include end effec-
tors, driving systems, tool strengths, or other tool charac-
teristics that have been developed or revised since the
programming of processor 502. To allow such a new tool
type (such as tool TUID 306) to be controlled by processor
502, the processor may determine from the tool type iden-
tifier that the desired tool kinematic data is not available in
the memory 516 of the processor. The processor may then
download the desired tool kinematic information via holder
508 (or some alternative data interface) and store this new
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information in an update list 520 of the processor memory
516. This effectively allows the processor to be repro-
grammed to accommodate the new tool.

[0058] The information included in tool memory 230 of a
new tool type is schematically illustrated in FIG. 6A. Legacy
tool data 232 resident in a memory of a known tool is
schematically illustrated in FIG. 6B. As used herein, the
term “plug-and-play” and the initials “PNP” encompass the
capability of a robotic or medical instrument and/or system
to update the system programming from a memory of a tool
or instrument.

[0059] Inthe exemplary embodiment, legacy tool data 232
may be embodied in memory 230 of instrument 14 (see
FIGS. 3 and 6B), with the exemplary memory comprising
Dallas part DS 2505. Circuitry coupling the memory of the
instrument to the instrument interface, and details regarding
the instrument interface, can be found in U.S. Pat. No.
6,331,181. Alternative instruments, circuitry, and interfaces
are also known, including those employed by the Zeus™
robotic surgical system previously commercialized by
COMPUTER MOTION, Inc. of Santa Barbara, Calif.
[0060] The exemplary legacy tool data includes legacy
information with a tool identifier that can be used to identify
that particular tool, along with tool type identifier data. A
unique Dallas chip number may be used as the tool identifier,
and the tool identifier allows tracking of the use of that
particular tool over its lifetime throughout numerous differ-
ent surgical procedures on a plurality of different robotic
arms and/or robotic systems. Some portion of the legacy
information that is consistent throughout all the legacy tools
may be used as a “negative PNP flag” so that robotic system
500 can determine that the legacy tool does not include
additional tool data.

[0061] Referring now to FIG. 6A, additional or PNP tool
data 230 includes legacy information analogous to that of
legacy data 232 in FIG. 6B. This facilitates reverse com-
patibility and use of a new tool with systems 500 that do not
have plug-and-play capability. However, the legacy infor-
mation of new tool data 230 will include a PNP flag. This
allows a system having plug-and-play capability to identify
that the new tool includes the additional tool information
and to make use of that information.

[0062] Along with legacy information, new tool data 230
will generally include tool update information 234 with a
listing of tool parameters sufficient for system 500 to safely
and effectively direct movement of the new tool in the
surgical procedure. Several tool parameters may be listed,
often comprising more than 10 parameters, and optionally
comprising more than 100 or even more than 1000 param-
eters. In exemplary embodiments, new tool data 230 may
comprise 2K, 8K, or 64K of data or more, exemplary
memories on which the additional tool data 230 is stored
comprising Darras Semiconpuctor part numbers DS2505,
DS2505V, or DS2505P.

[0063] In addition to both legacy information and tool
update information 234, new tool data 230 may include
limited PNP info so as to allow a limited plug-and-play
capability for older robotic surgical systems. In this exem-
plary embodiment, as will be described with reference to
FIG. 8 below, the information may include a limited number
of parameters, with each parameter corresponding to an
associated tool parameter included in the full new tool data
so that these tool parameters are repeated in the tool
memory. An older robotic surgical system may download
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any parameter listed in the limited PNP data from the tool to
the memory 516 of processor 500, optionally for use only
with the mounted tool.

[0064] Referring now to FIG. 5, memory 516 of processor
502 may store the tool data in a variety of alternative
tangible media, including magnetic recording media, optical
recording media, RAM, ROM, and the like. In the exem-
plary embodiment, tool data may be stored, at least in part,
in NVRAM (for the update list) and in a flash memory (for
the native and reject lists). Tool data may also be stored at
least in part in a random access memory of the master
controller processor 502 during use. While a tool is mounted
it may be beneficial to avoid altering the system behavior for
that tool, even if an update tool of the same tool type is
mounted to a different arm of the system. Once a mounted
tool is removed and re-mounted, the system may take
advantage of new data. Use of tool kinematic and strength
information is more fully described in U.S. Pat. No. 6,424,
8835, previously incorporated herein by reference.

[0065] As used herein, tool data is stored in a “memory”
of processor 502 when it is embodied in tangible media of
system 500 which remains coupled to the system processor
when a mounted tool is removed and replaced by any of the
plurality 510 of alternative tools. Hence, data which is
downloaded from the tool and recorded on magnetic or
optical recording media, embodied in an EEPROM, or
temporarily stored in a RAM of processor 502 or any other
peripheral storage device of processor 502 is considered
stored in a memory of the processor.

[0066] Processor 502 will typically comprise software
and/or hardware capable of implementing program steps
embodied in machine readable code so as to effect the
methods of the present invention. In the exemplary embodi-
ment, processor 502 comprises a processor 210 of controller
workstation 200 (see FIG. 1A), ideally comprising a board
having a plurality of commercially available processors,
including Share processors available from ANALOG
DEVICES, Power PC processors available from MOTOR-
OLLA, as well as memory and the like. The exemplary
programming code is primarily written in “C” programming
language, but a wide variety of other languages could also
be used. Processor 502 may also comprise software and/or
hardware distributed throughout the robotic surgical system,
with arms 10, cart 300, and even holder 508 [see FIGS. 5 and
1B] often having local processing capability in any of a wide
variety of distributed processing arrangements. Alternative
processor architectures which may be adapted to make use
of the methods and devices of the invention include those of
the Zeus™ robotic surgery system previously commercial-
ized by COMPUTER MOTION, INC.

[0067] Referring now to FIG. 7, a method 600 embodying
the present invention starts when a tool is loaded 602 or
mounted onto a robotic arm of the robotic system. Legacy
information is downloaded from the memory of the tool,
allowing the system to determine whether the tool memory
has updated tool information 604. The data initially down-
loaded from the tool may include more than just the legacy
data. In fact, if only legacy information is available the
remainder of the initially downloaded information may be
blank, which may be used as an indicator that the tool is a
legacy tool. Downloading of this initial information from the
tool to the processor of the system may be performed during
mechanical engagement confirmation movements of the tool
through the tool holder or interface, and thereby does not
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necessarily delay a surgical procedure. The downloaded
legacy information will be sufficient to also allow the system
to identify the tool type 606. In the exemplary system, the
tool type identifier is calculated from one or more legacy
fields in the legacy data. Alternative systems may simply
read the tool type identifier from the tool memory.

[0068] First assuming that the mounted tool is a legacy
tool which does not include the additional tool data, after the
processor calculates the tool type identifier 606 the proces-
sor determines whether the tool is of a type that has
previously been updated 608 (for example, by previously
loading a plug-and-play tool of the same type as that which
has been mounted onto the robotic arm). The processor may
determine whether the tool type data has already been
updated by comparing the tool type to update list 520 in the
memory 516 of processor 502 (see FIG. 5). If the tool type
is indeed included in the update list, processor 502 may
control movement of the robotic arm and mounted tool using
data already resident in the processor memory 516, thereby
supporting the mounted instrument 610 without delaying for
downloading of additional tool data. Supporting of the
instrument may comprise, for example, reconfiguring soft-
ware of the processor using the parametric tool data from
memory 516 for the tool type identifier of the tool.

[0069] If the tool type is not listed in the update list,
processor 502 may then determine if the tool type identifier
is already included in the native list 518 of the processor
memory 516 at step 612. If the tool identifier is included in
native list 518, the processor can again support the mounted
instrument 614 without downloading the additional data
from the tool. Specifically, processor 502 is reconfigured
using native list tool parametric information that is again
already present in tool memory 516 when the tool is
mounted to the robotic arm. Hence, once again downloading
delays can be avoided.

[0070] Processor 502 effectively gives priority to the
update list over the native list, so that tool parametric
information may be effectively revised by distributing tools
of an existing tool type (having a tool identifier of a known
tool). For example, if a known tool type is found to perform
more reliably if a prior strength of an infector torque is
reduced, this allows updating of how these existing tools are
used in the field. Optionally, the manufacturer may elect not
to update tool types of previously-sold tools so as to avoid
having a single tool (or two tools at the same time) react
differently before and after an update or plug-and-play tool
is used on a system. As we have assumed above that the
mounted tool is not plug-and-play capable at step 604, if the
desired tool parametric information for supporting the
instrument is not available in processor memory 516 (in
neither the native list 518 nor the update list 520), the system
may reject the mounted instrument 616 so as to avoid
attempting control movement of the tool without sufficient
tool data. Note that along the path of the flow chart that
assumes that the instrument is not plug-and-play capable,
processor 502 first checks for the tool information on the
update list 520 before checking for the tool identifier on the
native list 518.

[0071] The preceding discussion assumed that the
mounted tool was not plug-and-play capable at step 604, that
is, that the mounted tool was a legacy tool. If we instead
assume that the tool mounted 602 on a robotic arm has
additional tool data that may be used to update a system
processor, the system processor may determine from the
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legacy data downloaded from the tool that the tool has
plug-and-play capabilities at step 604. Despite the presence
of this additional tool information in a memory in the tool,
it may be advantageous to avoid downloading some or all of
the additional tool data so as to limit delays during the tool
swap. In method 600, the processor determines whether the
mounted plug-and-play capable tool is included on a reject
list 618. Rejected tools may, for example, comprise tools of
a type which are not supported by the robotic system, tools
of a type which are no longer supported by any robotic
system, or specific tools which have been identified, after
distribution, as being unsuitable for use. Hence, tool rejec-
tion may be based on comparison of a tool type identifier or
specific tool identifier with a reject list 522 in memory 516
of processor 502. Any tools or tool types included on reject
list 522 will be rejected 620, with the system optionally
providing an indication to the system operator and/or sur-
geon, the system inhibiting movement of the tool or inser-
tion of the tool end effector into a patient, and the like.

[0072] Ifthe loaded plug-and-play tool is not on the reject
list, processor 502 may determine whether the system soft-
ware of processor 502 is more up to date than the tool
memory at step 622. This may be implemented by storing in
the tool memory the most recent system processor software
revision at the time a new tool is first ready for distribution.
Any subsequent software revision will include the data for
this new tool in the native list of the processor memory, so
any system software revision that is more recent than the
system revision information stored on the tool memory does
not need to take advantage of the additional tool data stored
on the tool memory. Effectively, this means that despite the
tool memory and tool plug-and-play capabilities, the tool is
treated like a known tool 512, and the additional tool data is
obsolete. In method 600, if the processor determines that the
additional tool data in the tool memory is obsolete at step
622, the tool is treated as a tool without plug-and-play
capabilities. Note that the tool parametric information
included in a subsequent system software revision may be
different than (and more recent than) the additional tool data
stored on the tool itself so this avoids both delay in down-
loading additional tool information and use of obsolete tool
information from the tool itself.

[0073] If the software revision of the processor does not
post-date the additional tool data in the tool memory, the
processor then checks whether the system has sufficient
capabilities for using the tool in step 624. In some embodi-
ments, this may be implemented by determining whether the
current software revision of the processor is equal to or more
recent than a minimum software revision specified in the
tool memory. If not, the tool may have been designed to be
used only by systems having, for example, software sub-
routines that are not currently available to the system
processor.

[0074] The additional tool data will often comprise para-
metric data such as parametric link lengths, parametric
maximum torque information, parametric range of motion
information, and the like. If an entirely new type of kine-
matic assembly is included in a new tool, such parametric
updating of the processor software may be insufficient
absent a new subroutine. While it may be possible to load
such new subroutines in a tool memory, limiting the addi-
tional tool data to parametric data limits the download time
and hence tool swap delays.
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[0075] 1In other embodiments, at step 624 the system may
determine whether hardware capabilities of the system are
sufficient to support the tool based on a comparison of
minimum system capability information from the tool
memory and actual system information for robotic system
502. For example, if an ultrasound surgical tool is intended
to be mounted on robotic arms having ultrasound drivers, the
incompatibility of the tool with the system capabilities may
be identified in step 624. If the mounted tool is found to be
incompatible with the system capabilities, method 600
determines whether the tool type is included in either the
update list or the native list (possibly indicating that the
incompatibility information in the tool memory is outdated),
and if the tool type is not listed in either, the mounted tool
is rejected in step 616.

[0076] Assuming that the processor of the system deter-
mines that the current software revision is not more recent
than the information in the tool memory, and that the system
has all capabilities required for proper use of the tool, the
processor then determines whether the tool type of the
mounted tool is already included on the update list in step
626. If the tool type is on the update list 520 of processor
memory 516, the processor can use this existing additional
tool data in its memory to support the instrument 610
without delaying for downloading of the additional tool data
from the tool itself. Note that the update list of the processor
memory may include additional tool data that is the same as
the additional tool data on the tool, or may include more
current additional tool data from a subsequently distributed
tool of the same type having plug-and-play capabilities.
[0077] If the update list does not include the tool type of
the loaded tool, or if the data of the loaded tool is more
recent than the update list data for that tool type, the system
processor goes on to check whether the native list 518
includes data which is more recent than (or as current as) the
additional tool data from the tool memory in step 628. If the
native list includes information for the tool type that is at
least as current as the additional tool data from the tool
memory, the system supports the mounted tool using the
native list data. If current additional tool information is not
already available in either the update list or the native list,
the system processor directs downloading of the additional
tool data into the update list 630.

[0078] In the exemplary embodiment, making use of tool
data resident in the memory of processor 502 is the most
rapid way to reconfigure the processor for a tool swap to a
different tool type. Downloading of additional tool data from
the memory of the tool will typically involve a delay of
greater than one second, in some embodiments require a
delay of greater than 10 seconds, and in at least one
embodiment a delay of about 14 seconds (depending on
system state) as compared to making use of information
already stored in a memory of the processor. Movement of
amounted tool is directed using six Sharc™ processors sold
by ANALOG DEVICES of Massachusetts, ideally using a
controller transform processor (CTP). Method 600 illustrat-
ing FIG. 7 is largely implemented using Middleman code,
with the method being initiated by the Supervisor code data.
Transferred data from a mounted tool is optionally prepro-
cessed at circuitry of the slave robot arm. A wide variety of
specific implementations may be employed within the scope
of the present invention.

[0079] Referring now to FIG. 8, some processors may not
include all the capabilities of (or be employed in systems
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having all the need for) every aspect described above
regarding method 600. In a simplified plug-and-play method
700, a tool is loaded onto a robotic arm and transmission of
at least some of the data from a memory of the tool to a
system processor is initiated so as to allow the processor to
determine whether the tool type is included on a known tool
list 704. If the tool type and/or tool identification is included
on the known list, and if the tool is not plug-and-play
capable 706, the tool can be supported using native data in
the system processor 708.

[0080] Ifthe processor determines 704 that the tool type is
not on the known list, the processor may simply reject the
instrument 710. Hence, the methods of the present invention
may not necessarily be used to allow the use of new tool
types. Instead, if the system processor determines that the
tool is a known type but that the tool has plug-and-play
capabilities, the processor may support the tool by down-
loading at least a portion of the additional tool information
and using that downloaded information to configure the
processor 712 if certain conditions are met. The exemplary
system downloads limited PNP parameters of tool data 230,
as seen in FIG. 6A. The processor may check that the
downloaded data integrity appears acceptable by verifying a
header stream (including the limited PNP data) in step 714.
The processor may then verify that the current software
revision of the processor is compatible with the tool per the
downloaded additional tool data in step 716. If the tool
integrity does not appear sufficient or the current software
revision is not compatible, the tool is rejected. If the data
integrity is acceptable and the software is compatible, the
downloaded additional tool data from the memory of the
tool is used to direct movement of the tool.

[0081] In simplified plug-and-play method 700, not all
available additional tool information on the tool memory
need necessarily be downloaded and/or used by the system.
As mentioned above regarding FIG. 6A, the additional tool
information may include limited PNP information 230. In
the exemplary embodiment, the limited PNP information
comprises a series of parameters. If the system has limited
(rather than full or no) plug-n-play capabilities and a param-
eter is listed among the limited PNP data, the system will use
the parameter from the tool update data (rather than that of
the native list) by reconfiguring the processor software using
that updated parameter. In the exemplary embodiment, the
limited PNP data comprises parametric values for tool tip
length, grip open torque, grip close torque, and grip angle.
[0082] A variety of alternative end effectors for alternative
tools are illustrated in FIGS. 8A through 8F. Several of these
end effectors, including DEBAKEY forceps 56i, microfor-
ceps 56ii, Potts scissors 56iii, and clip applier 56iv include
first and second end effector elements 56a, 565 which pivot
relative to each other so as to define a pair of end effector
jaws. Other end effectors, including scalpel 56v and elec-
trocautery probe 56vi have a single end effector element.
[0083] The tool data may optionally correlate to a limita-
tion on an acceptable use for a specific mounted tool and/or
a tool type. Tool and/or tool type identifiers may be stored
on one or more tool use lists in the system memory, and the
processor may alter or limit use of the tool in response to a
comparison of a use list to the downloaded tool or tool type
identifier. In some embodiments, the tool use data may be
stored in the memory of the tool. Regardless, tool use
restrictions may limit tools to training/demonstrations only,
to engineering or prototype development, to clinical medical
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trials, or may allow use in surgery on humans. Tool life may
vary with these different uses, and allowed use of a tool may
change by revising the tool use data. Tool restrictions may
be imposed by rejecting a non-allowed tool, by red or other
appropriate icons shown in a display of the system, or the
like.

[0084] While the exemplary embodiments have been
described in detail, for clarity of understanding and by way
of example, a variety of changes, adaptations, and modifi-
cations will be obvious to those of skill in the art. For
example, while the exemplary embodiment is described with
reference to changing robotic surgical tool kinematics and
the like, alternative embodiments may facilitate the use of
updated ultrasonic imaging probes with existing ultrasound
system, alternative cardiac ablation catheters with a RF
ablation system, or new robotic tools with an existing
autononmous industrial robot. Hence, the scope of the present
invention is limited solely by the appended claims.

1-30. (canceled)

31. A surgical robotic tool removably couplable to a
robotic system comprising a tool holder configured to
receive and move the tool in a plurality of degrees of
freedom and a signal interface for reading tool data from the
tool, the tool comprising:

an elongate shaft having distal and proximal ends;

an end effector supported at the distal end of the elongate
shaft by a distal joint so as to facilitate orienting the end
effector within an internal surgical workspace:

a proximal housing coupled to the proximal end of the
elongate shaft, the housing adapted to be supported by
the tool holder of the robotic system; and

a memory coupled to the proximal housing, the memory
adapted to electrically couple to the signal interface of
the robotic system, the memory storing tool data com-
prising:

an indicator allowing a robotic system to identify that the
tool includes additional tool information; and

tool information including a listing of tool parameters
sufficient for the robotic system to safely and effec-
tively direct movement of the tool in the surgical
procedure.

32. The tool of claim 31, the listing of tool parameters

comprising more than 100 parameters.

33. The tool of claim 32, the listing of tool parameters
comprising more than 1000 parameters.

34. The tool of claim 31, the tool data comprising legacy
tool data.

35. The tool of claim 31, the tool data further comprising
a most recent system processor software revision.

36. The tool of claim 31, the listing of tool parameters
comprising at least one of link lengths, parametric maximum
torque information, and parametric range of motion infor-
mation.

37. The tool of claim 31, the tool data further comprising
a subroutine allowing the robotic system to drive a new type
of kinematic assembly on the tool.

38. The tool of claim 31, the tool data comprising para-
metric values for at least one of tool tip length, grip open
torque, grip close torque, and grip angle.

39. The tool of claim 31, the end effector comprising at
least one of DeBakey forceps, microforceps, Potts scissors,
clip applier including first and second end effector elements
which pivot relative to each other so as to define a pair of end
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effector jaws, a scalpel, and an electrocautery probe having
a single end effector element.

40. The tool of claim 31, the tool data further comprising
tool use restrictions comprising at least one of limitations to
training/demonstrations only, to engineering or prototype
development, to clinical medical trials, or to use in surgery
on humans.

41. The tool of claim 31, the tool comprising an ultrasonic
imaging probe or a cardiac ablation catheter.

42. A method for driving a surgical robotic tool removably
couplable to a robotic system comprising a tool holder
configured to receive and move the tool in a plurality of
degrees of freedom and a signal interface for reading tool
data from the tool, the tool comprising an elongate shaft
having distal and proximal ends, an end effector supported
at the distal end of the elongate shaft by a distal joint so as
to facilitate orienting the end effector within an internal
surgical workspace, a proximal housing coupled to the
proximal end of the elongate shaft, the housing adapted to be
supported by the tool holder of the robotic system, and a
memory coupled to the proximal housing, the memory
adapted to electrically couple to the signal interface of the
robotic system, the memory storing tool data, the method
comptrising:

transmitting, from the memory to the signal interface, an

indicator allowing a robotic system to identify that the

tool includes additional tool information; and
transmitting, from the memory to the signal interface, tool

information including a listing of tool parameters suf-
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ficient for the robotic system to safely and effectively
direct movement of the tool in the surgical procedure.

43. The method of claim 42, the listing of tool parameters
comprising more than 100 parameters.

44. The method of claim 43, the listing of tool parameters
comprising more than 1000 parameters.

45. The method of claim 43, the tool data comprising
legacy tool data.

46. The method of claim 43, the tool data further com-
prising a most recent system processor software revision.

47. The method of claim 43, the listing of tool parameters
comprising at least one of ink lengths, parametric maximum
torque information, and parametric range of motion infor-
mation.

48. The method of claim 43, the tool data further com-
prising a subroutine allowing the robotic system to drive a
new type of kinematic assembly on the tool.

49. The method of claim 43, the tool data comprising
parametric values for at least one of tool tip length, grip open
torque, grip close torque, and grip angle.

50. The method of claim 43, the end effector comprising
at least one of DeBakey forceps, microforceps, Potts scis-
sors, clip applier including first and second end effector
elements which pivot relative to each other so as to define a
pair of end effector jaws, a scalpel, and an electrocautery
probe having a single end effector element.
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