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(57) ABSTRACT 

A medical robotic system comprises a number of components 
that may be monitored to determine their preventive mainte 
nance needs by recording usage-related information for the 
monitored components into associated non-volatile memo 
ries. When usage of the component exceeds a specified usage 
threshold, the system displays a warning message on its dis 
play Screen to have preventive maintenance performed for the 
component. If the usage continues without such maintenance 
and exceeds a higher usage threshold, the system displays an 
error message on its display screen and the system transitions 
into an error state during which medical procedures are not 
allowed to be performed. The usage-related information may 
also be communicated to a remote computer which gathers 
and processes usage-related information from a number of 
medical robotic systems to estimate resource requirements 
for timely performing preventive maintenance on the medical 
robotic systems, and anticipated service revenues from Such 
maintenance. 

  



Patent Application Publication Dec. 27, 2012 Sheet 1 of 12 US 2012/0330613 A1 

FG. 1 

  





Patent Application Publication Dec. 27, 2012 Sheet 3 of 12 US 2012/0330613 A1 

  



US 2012/0330613 A1 Dec. 27, 2012 Sheet 4 of 12 Patent Application Publication 

  



Patent Application Publication Dec. 27, 2012 Sheet 5 of 12 US 2012/0330613 A1 

102 -8 

104 SX2S-102 3%R 
S5 106 2 

108 

  



Patent Application Publication Dec. 27, 2012 Sheet 6 of 12 US 2012/0330613 A1 

  



US 2012/0330613 A1 Dec. 27, 2012 Sheet 7 of 12 Patent Application Publication 

NS-Z) 

LO 

{{} 

FIG. 8 

  



ent Application Publication Dec. 27, 2012 Sheet 8 of 12 

  



Patent Application Publication Dec. 27, 2012 Sheet 9 of 12 US 2012/0330613 A1 

  



Patent Application Publication Dec. 27, 2012 Sheet 10 of 12 US 2012/0330613 A1 

301 31 O 

UPDATE UPDATE 

-------CONFIGFILE CONEIGE: 
808 ! A312 

COPY SNAPSHOT OF READ ITEM FROM 
CONFIG FILE 

304 

REMOVABLE MEMORY 
: NVMEMORY TO : 

NO THRESHOLD 
EXCEEDED7 

DISPLAY 
MESSAGE 

YES 307 

SYSTEM OPERATIONAL 

- 3O8 
YES 309 

INCREMENT COUNT IN 
NV MEMORY 

FIG. 12 

  

  

  

    

    

  



Patent Application Publication Dec. 27, 2012 Sheet 11 of 12 US 2012/0330613 A1 

150 

SURGEON 
CONSOLE 

PATIENT 
SIDE CART 

500 5O1 

CENTRAL REMOTE 
OFFICE SYSTEM 

COMMUNICATION 
MEDIUM 

510 

O2 503 

REMOTE REMOTE 
SYSTEM SYSTEM 

FIG. 15 

  



Patent Application Publication Dec. 27, 2012 Sheet 12 of 12 US 2012/0330613 A1 

RECEIVE AND STORE 
UPDATED USAGE INFO 

SYSTEM=O 
ITEMEO 

SYSTEM=SYSTEM+1 

ITEMETEM+1 

READ USAGE INFO FOR 
ITEM, SYSTEM 

ESTIMATE TIME TO 
USAGE THRESHOLD 

ANOTHER ITEM2 

601 

603 

604 

605 

606 

ANOTHER 
SYSTEM2 

NO 

ESTIMATE RESOURCE 
NEEDS, REVENUE 

FG 16 

609 

  

  

  

  

    

  

  



US 2012/033.0613 A1 

METHODS FORTRACKING AND 
REPORTING USAGE EVENTS TO 
DETERMINE WHEN PREVENTIVE 

MAINTENANCE IS DUE FOR AMEDICAL 
ROBOTC SYSTEM 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

0001. This application claims priority to U.S. provisional 
application Ser. No. 60/756,441 filed Jan. 5, 2006, which is 
incorporated herein by reference. 

FIELD OF THE INVENTION 

0002 The present invention generally relates to medical 
robotic systems and in particular, to a method for tracking and 
reporting usage events to determine when preventive mainte 
nance is due for a medical robotic system. 

BACKGROUND OF THE INVENTION 

0003 Medical robotic systems such as those used in per 
forming minimally invasive Surgical procedures offer many 
benefits over traditional open Surgery techniques, including 
less pain, shorter hospital stays, quicker return to normal 
activities, minimal scarring, reduced recovery time, and less 
injury to tissue. Consequently, demand for minimally inva 
sive Surgery using medical robotic systems is strong and 
growing. 
0004 One example of a medical robotic system is the 
daVinci R. Surgical System from Intuitive Surgical, Inc., of 
Sunnyvale, Calif. The daVinciR) system includes a surgeon’s 
console, a patient-side cart, a high performance 3-D vision 
system, and Intuitive Surgicals proprietary EndoWristTM 
articulating instruments, which are modeled after the human 
wrist so that when added to the motions of the robotic arm 
assembly holding the Surgical instrument, they allow at least 
six degrees of freedom of motion, which is comparable to the 
natural motions of open Surgery. 
0005. The daVinciR) surgeon’s console has a high-resolu 
tion Stereoscopic video display with two progressive scan 
cathode ray tubes (“CRTs). The system offers higher fidelity 
than polarization, shutter eyeglass, or other techniques. Each 
eye views a separate CRT presenting the left or right eye 
perspective, through an objective lens and a series of mirrors. 
The Surgeon sits comfortably and looks into this display 
throughout Surgery, making it an ideal place for the Surgeonto 
display and manipulate 3-D intraoperative imagery. 
0006. During a surgical procedure, it is generally desirable 
that the medical robotic system be reliable with an unlikeli 
hood of system failure. Thus, it is desirable to timely perform 
preventive maintenance before any system failure. In addi 
tion, it would be useful to be able to predict when preventive 
maintenance will be required for field installed systems in 
order to plan service resource needs as well as service rev 
enues for system manufacturers. 
0007 Commonly owned U.S. Pat. No. 7,048,745, the full 
disclosure of which is incorporated herein by this reference, 
describes storing tool life data (such as the number of times 
the tool has been loaded onto a Surgical system, the number of 
surgical procedures performed with the tool, and/or the total 
time the tool has been used) in a non-volatile memory, 
wherein an expired tool may provide an indication to the 
system operator Such as a pop-up flag, a color-change spot, or 
the like, to indicate that the tool is at or near the end of its life. 

Dec. 27, 2012 

0008 Although providing a visual end-of-use indication 
on the tool itself is useful to notify a locally situated assistant 
or Surgeon that a Surgical tool should be replaced, it may not 
serve to readily inform a Surgeon who is seated at a Surgeon’s 
console some distance away from the tool of such need. Also, 
in addition to Surgical tools which are relatively easy to 
replace even during a medical procedure, there are many 
other components of a medical robotic system that require 
periodic maintenance or replacement, but are not readily 
removed and replaced during a medical procedure. It would 
therefore be useful to monitor such components for preven 
tive maintenance needs, and inform the Surgeon of any desir 
able or necessary preventive maintenance before commence 
ment of a medical procedure for patient safety reasons. It 
would also be useful if monitored usage data is stored and 
made available for service resource and revenue planning 
purposes. 

OBJECTS AND SUMMARY OF THE 
INVENTION 

0009. Accordingly, an object of aspects of the present 
invention is a preventive maintenance method for a medical 
robotic system that determines preventive maintenance needs 
on a Subsystem basis. 
0010. Another object of aspects of the present invention is 
a preventive maintenance method for a medical robotic sys 
tem that stores Subsystem usage-related information so as to 
travel with the subsystem. 
0011. Another object of aspects of the present invention is 
a preventive maintenance method for a medical robotic sys 
tem that provides warnings and/or error messages of preven 
tive maintenance needs to a user of the medical robotic sys 
tem. 

0012 Another object of aspects of the present invention is 
a preventive maintenance method for a medical robotic sys 
tem that stores Subsystem usage-related information so as not 
to be lost when power to the system is turned off. 
0013 Another object of aspects of the present invention is 
a method for centrally estimating future preventive mainte 
nance needs for a number of medical robotic systems. 
0014. These and additional objects are accomplished by 
the various aspects of the present invention, wherein briefly 
stated, one aspect is preventive maintenance method for a 
medical robotic system, comprising: storing usage-related 
information for components of the medical robotic system in 
non-volatile memories respectively associated with the com 
ponents; determining whether one or more usage thresholds 
for the components are exceeded according to the stored 
usage-related information; and displaying messages on a dis 
play Screen of the medical robotic system identifying indi 
vidual of the components recommended for preventive main 
tenance based upon Such determination of whether one or 
more usage thresholds for the components are exceeded. 
0015. Another aspect is an improvement to a medical 
robotic system including a patient-side unit having robotic 
arms adapted to hold and manipulate medical devices, and a 
Surgeon console having a display Screen and a processor 
configured to control movement of the robotic arms and 
manipulation of the medical devices. The patient-side unit 
and Surgeon console each include a plurality of Subassem 
blies. The improvement comprises: individual of the plurality 
of Subassemblies configured to store its usage-related infor 
mation in a non-volatile memory included in the Subassem 
bly; and the processor further configured to determine 
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whether one or more usage thresholds have been exceeded 
according to the usage-related information, and display one 
or more messages on the display Screen identifying individual 
of the Subassemblies requiring preventive maintenance 
according to Such determination. 
0016. Another aspect is a method for monitoring preven 

tive maintenance needs for a plurality of medical robotic 
systems, comprising: periodically receiving usage informa 
tion for monitored components from each of the plurality of 
medical robotic systems; and processing the periodically 
received usage information to estimate when preventive 
maintenance will be required for each of the monitored com 
ponents of the plurality of medical robotic systems. 
0017 Additional objects, features and advantages of the 
various aspects of the present invention will become apparent 
from the following description of its preferred embodiment, 
which description should be taken in conjunction with the 
accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0018 FIG. 1 illustrates a top view of an operating room 
employing a medical robotic system utilizing aspects of the 
present invention. 
0019 FIG. 2 illustrates a perspective view of a patient-side 
cart included in a medical robotic system, utilizing various 
aspects of the present invention. 
0020 FIG. 3 illustrates a perspective view of a slave 
manipulator of a patient-side cart incorporating various 
aspects of the present invention. 
0021 FIG. 4 illustrates a perspective view of a patient-side 
cart with exposed positioning linkages for Supporting slave 
manipulators, utilizing aspects of the present invention. 
0022 FIGS. 5-6 illustrate front and rear perspective views 
of a vertical structure of the patient-side cart incorporating 
various aspects of the present invention. 
0023 FIG. 7 illustrates a perspective view of a positioning 
linkage as part of a robotic arm included on a patient-side cart 
incorporating aspects of the present invention. 
0024 FIG. 8 illustrates a perspective view of a patient-side 
cart with robotic arms holding medical devices including a 
modified middle arm for holding and positioning an endo 
Scope, utilizing aspects of the present invention. 
0025 FIGS. 9-10 illustrate rear and front perspective 
views of a Surgeon console included in a medical robotic 
system, utilizing aspects of the present invention. 
0026 FIG. 11 illustrates a block diagram of printed circuit 
assemblies included in a Surgeon console and patient-side 
cart, utilizing aspects of the present invention. 
0027 FIG. 12 illustrates a flow diagram of a preventive 
maintenance method utilizing aspects of the present inven 
tion. 
0028 FIG. 13 illustrates a flow diagram of a method used 
for performing optional power down tasks in conjunction 
with a preventive maintenance method utilizing aspects of the 
present invention. 
0029 FIG. 14 illustrates a block diagram of a medical 
robotic system including a Surgeon console and patient-side 
cart having removable memory units, utilizing aspects of the 
present invention. 
0030 FIG. 15 illustrates a block diagram of a system for 
centrally processing usage-related information from a num 
ber of remote medical robotic systems for preventive main 
tenance forecasting and other purposes, utilizing aspects of 
the present invention. 
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0031 FIG. 16 illustrates a flow diagram of a method for 
monitoring preventive maintenance needs for a plurality of 
medical robotic systems, utilizing aspects of the present 
invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

0032 Medical robotic systems used for surgery, diagnosis 
and other medical procedures generally involve the use of 
multiple robotic arms for holding and manipulating various 
medical devices. For example, one or more of the robotic 
arms may support a Surgical tool which may be articulated 
(such as jaws, Scissors, graspers, needle holders, micro dis 
sectors, staple appliers, tackers. Suction/irrigation tools, clip 
appliers, or the like) or non-articulated (such as cutting 
blades, cautery probes, irrigators, catheters, suction orifices, 
or the like). Another one or more of the arms may be used to 
Supportan image capture device Such as an endoscope (which 
may be any of a variety of structures such as a laparoscope, an 
arthroscope, a hysteroscope, or the like), or, optionally, some 
other imaging modality (such as ultrasound, fluoroscopy, 
magnetic resonance imaging, or the like). Typically, the arms 
will Support at least two Surgical tools corresponding to the 
two hands of a Surgeon and one image capture device. 
0033 Mounting the robotic arms to a single cart structure 
allows the medical robotic system to be moved efficiently 
from operating room to operating room. This can avoid con 
struction of specialized robotic operating rooms, and can 
allow a hospital to take advantage of the flexibility of robotic 
Surgery to perform a variety of Surgical procedures, including 
open Surgery, neuroSurgical procedures (such as Stereotaxy), 
endoscopic procedures (such as laparoscopy, arthroscopy, 
thoracoscopy), and the like. However, the scope of the present 
invention is not be limited to Such carts, and is to be under 
stood to include other patient-side units such as those 
releaseably attaching to the ceiling or operating table. 
0034) Mounting of multiple robotic arms on a common 
base (such as the base of the patient-side cart) allows the 
computer system that controls robotic movements to deter 
mine the position of the end effectors (of the medical devices) 
and robotic arms relative to each other. This can be used for a 
variety of purposes, including transforming an image capture 
coordinate system to a hand input controller coordinate sys 
tem so as to align the Surgeons inputs with movements of the 
end effectors as displayed to the Surgeon. In some embodi 
ments, the computer may also calculate the positions of the 
robotic arms relative to each other so as to avoid interference 
as the medical devices are manipulated during Surgery or 
other medical procedure. For example, Solid modeling of the 
robotic arm structures may be used to prevent two arms from 
striking each other, thereby avoiding damage to the robotic 
structure and potential injury to the patient. This common 
base may also maximize access to the patient before, during, 
and after the robotic Surgical procedure, as the cart (or other 
patient-side unit) will typically be situated along one side of 
the operating table, leaving the other side available for access 
by Surgeons and Surgical assistants. 
0035 FIG. 1 illustrates, as an example, a top view of an 
operating room employing a medical robotic system of the 
present invention. An Operator O (generally a Surgeon) per 
forms a minimally invasive surgical procedure on Patient P by 
manipulating input devices at a Surgeon Console 150. One or 
more processors of the Console 150 directs movement of 
endoscopic Surgical instruments 54, effecting movement of 
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the instruments using a patient-side cart 50. An Assistant A 
assists in pre-positioning of the robotic arms relative to 
Patient P, and swapping tools or instruments 54 for alternative 
tool structures, and the like, while viewing the internal Surgi 
cal site via an assistant display 12. The image of the internal 
Surgical site shown to Assistant A and Operator O respec 
tively on the assistant display 12 and Surgeon Console 150 is 
provided by an image capturing device. Such as an endoscope, 
supported by cart 50. Typically, the patient-side cart 50 
includes at least three robotic arms with a central arm Sup 
porting an endoscope and the outer arms Supporting tissue 
manipulation tools. 
0036 Generally, the robotic arms of the patient-side cart 
50 will include a positioning portion 56 which remains in a 
fixed configuration while manipulating tissue, and a driven 
portion 58 which is actively articulated under the direction of 
Surgeon at the Surgeon Console 150. The actively driven 
portion is herein referred to as a slave manipulator 58. The 
fixable portion of the cart linkage structures may be referred 
to as a positioning linkage 56,56'. 
0037 FIG. 2 illustrates, as an example, a perspective view 
of the patient-side cart 50. The cart 50 includes a base 52 from 
which three medical devices (which in this example, are 
Surgical instruments or tools) 54 are Supported. More specifi 
cally, the medical devices 54 are each supported by a robotic 
arm including a positioning linkage 56 and a slave manipu 
lator 58. It should be noted that these structures are illustrated 
in this figure with protective covers extending over much of 
the robotic arms. It should be understood, however, that these 
protective covers are optional, and may be limited in size or 
entirely eliminated in some embodiments to minimize the 
inertia that is manipulated by the servomechanism, and to 
limit the overall weight of the patient-side cart 50. 
0038 Cart 50 will generally have dimensions suitable for 
transporting the cart between operating rooms. The cart will 
typically fit through standard operating room doors and onto 
standard hospital elevators. The cart should have a weight and 
wheel (or other transportation) system that allows the cart to 
be positioned adjacent an operating table by a single atten 
dant. The cart should have sufficient stability in the transport 
configuration to avoid tipping at minor discontinuities of the 
floor, and to easily withstand overturning moments that will 
be imposed at the ends of the robotic arms during use. 
0039 FIG.3 illustrates, as an example, a perspective view 
of one of the slave manipulators 58 included in the patient 
side cart 50. Each of the slave manipulators 58 preferably 
includes a linkage 62 that constrains movement of a medical 
device 54. More specifically, linkage 62 includes rigid links 
coupled together by rotational active joints (i.e., rotated or 
moved by corresponding motors) in a parallelogram arrange 
ment so that device 54 rotates around a point in space 64 (also 
referred to herein as the pivot point), as more fully described 
in issued U.S. Pat. No. 5,817,084, entitled “Remote Center 
Positioning Device with Flexible Drive, the full disclosure of 
which is incorporated herein by reference. The parallelogram 
arrangement constrains rotation to pivoting about an axis 64a. 
Sometimes called the pitch axis. The links Supporting the 
parallelogram linkage are pivotally mounted to setup joints in 
the positioning linkage 56 so that the medical device 54 
further rotates about an axis 64b, sometimes called the yaw 
axis. The pitch and yaw axes intersect at the remote center 64. 
which is aligned along a shaft 66 of device 54. 
0040. The medical device 54 has still further driven 
degrees of freedom as supported by slave manipulator 58, 
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including sliding motion of the tool along insertion axis 64c 
(the axis of shaft 66), sometimes referred to as insertion. As 
device 54 slides along axis 64c relative to slave manipulator 
58, remote center 64 remains fixed relative to base 68 of the 
slave manipulator 58. Hence, the entire manipulator is gen 
erally moved to re-position the remote center or pivot point 
64. 

0041 Linkage 62 of slave manipulator 58 is driven by a 
series of motors (not shown) which move respectively corre 
sponding active joints in the manipulator 58. These motors 
actively move linkage 62 in response to commands from the 
processor of the surgeon console 150. Other motors (not 
shown) are coupled to the medical device 54 so as to rotate the 
device 54 about axis 64c, and often to articulate a wrist at the 
distal end of the device 54 (for example, when the device is a 
Surgical instrument or tool) about at least one, and often two, 
degrees of freedom. Additionally, these device driving motors 
can be used to actuate an articulatable end effector of the 
device 54, for example to grasp tissues in the jaws of a forceps 
or the like, by being coupled to at least some of the joints of 
device 54 using cables, as more fully described in commonly 
owned U.S. Pat. No. 5,792,135, entitled “Articulated Surgical 
Instrument for Performing Minimally Invasive Surgery with 
Enhanced Dexterity and Sensitivity, the full disclosure of 
which is incorporated herein by this reference. As described 
in that patent, the manipulator 58 may include flexible mem 
bers for transferring motion from the drive components to the 
Surgical tool. For endoscopic procedures, the slave manipu 
lator 58 may couple to a cannula (not shown), which may be 
releasably coupled to manipulator 58 and provide support to 
the medical device 54 so as to allow it to rotate and move 
axially through the central bore of the cannula. 
0042 FIG. 4 illustrates, as an example, a perspective view 
of the patient-side cart 50 with exposed positioning linkages 
56 for supporting slave manipulators 58. The exemplary posi 
tioning linkage system includes three types of structures. 
First, a vertical column 80 supports vertically sliding joints 82 
that are used to position the slave manipulators 58 along the 
Vertical or Z-axis. Second, rotary setup joints 84 separated by 
rigid links 86 are used to horizontally position the slave 
manipulators 58 in the X-Y plane. Third, another series of 
rotary setup joints 84 mounted adjacent a manipulator inter 
face 88 rotationally orients the slave manipulators 58. 
0043 FIGS. 5-6 illustrate, as examples, front and rear 
perspective views of a vertical structure of the patient-side 
cart 50, including the column 80, vertical sliding joints 82, 
and base 52. The base 52 generally distributes the weight of 
the robotic arm structures and the forces imposed on the 
patient-side cart 50. When used for surgery, base 52 may be 
fixedly supported by a series of jacks 90 to avoid inadvertent 
movement of the robotic arms. Jacks 90 will typically be 
threadably coupled to the remainder of base 52, so that the 
jacks 90 can be retracted for transport. When jacks 90 are 
retracted by rotating their handles, base 52 rests on wheels 92. 
0044) To prevent the cart from tipping as it is rolled on 
wheels 92, the wheels located near the front of the cart will 
preferably be non-swiveling. In other words, the wheels will 
rotate about a fixed axis relative to the base 52. Wheels 92 
adjacent a rear portion of the cart 50 will preferably be 
coupled to steering handle 94 so that the wheels and handle 
rotate about a steering axis. This facilitates maneuvering of 
the cart 50 and positioning of the cart 50 adjacent the operat 
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ing table. To assist or otherwise facilitate movement of the 
cart, one or more motors may be included therein for Such 
purpose. 
0045. As the weight of base 52 generally enhances the 
tipping stability of the slave cart structure, and as a box 
section enhances stiffness, the exemplary base 52 comprises 
box steel tubing, which may be welded or bolted together. 
0046 Column 80 extends upward from base 52, and may 
optionally also include a box steel structure. Sliding joints 82, 
including vertical tracks 96 on which sliders 98 ride, are 
counterbalanced by weights and/or springs 100 mounted 
within column 80. More specifically, a cable extends upward 
from slider 98 and over a pulley 102, and then down from the 
pulley to the weight and/or spring 100 within column 80. The 
weight and/or spring 100 preferably has a mass and/or pro 
vides an effective mass that is substantially equal to the com 
bined mass of the slider 98, positioning linkage 56, slave 
manipulator 58, and medical device 54. This allows the 
robotic arms to be re-positioned upward or downward with 
very little effort. It should be understood that weight and/or 
spring 100 is schematically illustrated, and may have an 
actual length, position and dimension different than that as 
shown in the figure. Also, to determine stretching or retraction 
of the spring, a potentiometer may also be included as part of 
the block 100, which is provided for each robotic arm of the 
patient-side cart 50. 
0047. To prevent inadvertent movement of sliding joint 
82, pulleys 102 are coupled to column 80 by brakes 104. 
These brakes 104 prevent rotation of the pulleys 102 when 
slider 98 is positioned. 
0048. As described above, it is often advantageous to iden 

tify the configuration of the joints of the patient-side cart 50 so 
as to allow the processor of the surgeon console 150 to per 
form coordinate transformations, calculate relative positions 
of surgical end effectors, and the like. Toward that end, sliding 
joints 82 include sensors 106 coupled to sliders 98 or coun 
terweight assemblies 100 by cables 108. Sensors 106 com 
prise accurate potentiometers that generate electrical signals 
which vary with the position of sliders 98 along tracks 96. As 
the structure and position of sliding joints 82 relative to col 
umn 80 is known, knowing the axial position of sliders 98 
allows the processor to perform transformations between first 
and second slider coordinate systems 110, 112 and a refer 
ence base coordinate system 114. Similarly, by knowing the 
angles defined by each rotary joint 84, transformations 
between the slider joints and a slave manipulator base can 
also be calculated. It should be understood that these interim 
coordinate system transformations need not be performed, 
but that they are representative of the total transformation to 
be performed. Regardless, where the configuration of all 
joints between the base 52 and the end effectors of medical 
devices 54 are known, the processor can accurately determine 
the position and orientation of the end effector, as well as how 
to effect movement in a desired direction by articulating one 
or more of the driven joints. 
0049. Each sensor preferably may comprise redundant 
potentiometers that “self-check” one another. That is, infor 
mation from the redundant potentiometers may be compared 
with a selected tolerance to ensure to a degree of accuracy that 
the positioning of the corresponding joint is correctly known. 
If the information from the redundant potentiometers fail to 
match, the operator may be informed of this fact and/or the 
setup may be interrupted or delayed until corrective action is 
taken. Additionally, the operator may be able to override such 
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an interrupt if desired. Potentiometers on the positional link 
age 56 may be also checked for movement, to warn an opera 
tor of unintended movement of the normally locked and sta 
tionary positional linkages 56 during an operation, such as 
might be due to an assistant unintentionally leaning against 
the linkage. 
0050 FIG. 7 illustrates, as an example, a perspective view 
of one of the positioning linkages 56. Positioning linkage 56 
is supported by slider 98, and includes first and second elon 
gate links 120, 122. First link 120 is coupled to slider 98 by 
rotational setup joint 84a, and is coupled to second link 122 
by rotational setup joint 84b. As described above, slider 98 
moves up and downward (along the Z-axis) to vertically 
position the slave manipulator 58 and remote center of rota 
tion 64. Pivoting of the first and second linkages 120, 122 
relative to the slider 98 and to each other allows the manipu 
lator 58 to move horizontally (in the X-Y plane). As rotational 
setup joints 84a, 84b rotate about vertical axes, the height of 
the manipulator 58 does not change when these joints rotate 
and no counterbalancing is required. 
0051 Rotational setup joints 84a, 84b generally include 
corresponding brakes 124 and sensors 126. Each brake 124 
prevents rotation about its corresponding joint unless the 
brake is released. In other words, the brake is normally on (so 
that the joint is in a fixed configuration). This prevents inad 
Vertent articulation of positioning linkage 56 duringa Surgical 
procedure, and also avoids movement if power to the medical 
robotic system is lost. The brakes 124 may be safely over 
come (so as to articulate the setup joints 84a, 84b without 
damage) with a reasonable amount of manual force against 
the linkage 56 or manipulator 58, thereby providing a safety 
feature if power is lost. 
0.052 A wide variety of alternative brake structures could 
be used in place of the exemplary embodiment described 
above. Suitable brakes may be actuated electrically, pneu 
matically, hydraulically, or the like, and may be located at the 
joint axis (as shown) or may coupled to the setup joints 84a, 
84b using gears, cables, rigid linkages, or the like. 
0053 Sensors 126 of setup joints 84a, 84b generate elec 

trical signals which indicate the rotational angle defined by 
the joints. Sensors 126 preferably generate absolute angle 
indication signals that vary with the absolute angle defined by 
the setup joints, rather than generating a signal which indi 
cates a change in the angle. This avoids having to regularly 
return the setup joints 84a, 84b to a zero position to provide an 
accurate angle measurement. Although absolute angle mea 
Surement devices are generally preferred, in some embodi 
ments sensors 126 may comprise encoders that measure a 
number of discrete changes in the setup joint angle, or a wide 
variety of alternative structures. 
0054 Links 120 and 122 may beformed of a wide variety 
of high strength, lightweight materials. Alternative structures 
might include aluminum or composites, such as graphite or 
the like. In general, minimizing the weight of the robotic arm 
structures can dramatically decrease the total weight of the 
patient-side cart 50, as the structures are often counterbal 
anced and any added weight generally increases the cart base 
weight to avoid tipping. 
0055 Positioning of the slave manipulator 58 in prepara 
tion for surgery may be facilitated by providing a handle 128 
affixed to the distal end of second link 122. Handle 128 has an 
actuation button 130 that releases brakes 124 so as to allow 
movement of the setup joints 84a, 84b and consequently, the 
positioning linkage 56. As described above, the setup joints 
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84a, 84b will preferably remain locked unless a signal is 
provided by circuitry coupled to actuation button 130. Affix 
ing handle 128 on or near the manipulator Support interface 
allows the positioning linkage 56 to be moved without impos 
ing undue forces against the servomechanism of the manipu 
lator structure. 

0056. In addition to the positional capabilities of position 
ing linkage 56, rotational active joints 84c. 84d. 84e allow the 
manipulator 58 to be rotated to a desired orientation. Includ 
ing the vertical adjustability provided by sliding joint 82, 
positioning linkage 56 allows the manipulator 58 to be posi 
tioned with six degrees of freedom relative to base 52 of the 
patient-side cart 50. As illustrated, one or more orientational 
degrees of freedom may be provided between an operator 
manipulated input device of the surgeon console 150 and the 
slave manipulator 58. As each of the rotational setup and 
active joints 84a-84e and the sliding joint 82 include a sensor 
coupled to a processor of the medical robotic system, the 
processor can calculate a position and orientation of a 
manipulator interface 132 on which the manipulator 58 is 
mounted, and can also perform the coordinate system trans 
formations described hereinabove. 

0057. In the exemplary embodiment, the brakes 124 at all 
of the joints on one of the three positioning linkage 56 Sup 
porting a slave manipulator 58 are actuated in unison by 
actuation button 130 on handle 128, allowing the operating 
room personnel to position and orient the manipulator 58 
freely. The manipulator 58 will preferably be balanced about 
rotational active joints 84d. 84e, as these joints may rotate 
about axes that are at an angle from vertical. Fabricating the 
manipulator 58 or adding counterbalance weights to the 
manipulator 58 so that the center of mass of the manipulator 
58 is aligned along the axes of rotation of these two joints will 
prevent the operating room personnel from having to over 
come a righting moment when rotationally positioning the 
manipulator 58. 
0058 FIG. 8 illustrates, as an example, a perspective view 
of an alternative patient-side cart 50' with robotic arms hold 
ing medical devices including a modified middle arm for 
holding and positioning an endoscope. The cart 50' includes a 
positioning linkage 56' with less than six degrees of freedom, 
Supported between two six degrees of freedom positioning 
linkages 56 (such as previously described). Six degree of 
freedom linkages 56 generally extend radially outwardly 
from column 80 and will often be arranged to support the 
medical devices 54 (including the tissue manipulating tools 
and the endoscope), so that the elongated shafts of these 
endoscopic instruments extend radially outwardly from a pat 
tern of apertures into an internal Surgical sites, as illustrated in 
FIG.1. This gives the cart system 50' an “elbows out' appear 
ance in use, which helps enhance the clearance between the 
slave manipulators 58 so as to avoid collisions as the manipu 
lators 58 move in the space over patient P during a surgical 
procedure. An endoscope manipulator 170 and its associated 
linkage 56' will often be arranged so as to extend substantially 
from column 80 to the endoscope, as also illustrated in FIG.1. 
Endoscope manipulator 170 may not include all of the tool 
actuation drive system provided for articulated Surgical 
instruments, which are typically included in manipulators 58. 
An exemplary endoscope manipulator 170 is more fully 
described in commonly owned U.S. Pat. No. 6,451,027 
entitled “Devices and Methods for Moving an Image Capture 
Device in Telesurgical Systems, the full disclosure of which 
is incorporated herein by reference. 
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0059 FIGS. 9-10 illustrate, as examples, rear and front 
perspective views of the surgeon console 150. The surgeon 
console 150 includes one or more processors 152 for the 
robotic servomechanism. Also included in Surgeon console 
150 areastereo imaging system 154 and a pair of master input 
devices or controllers 156, which hang below the imaging 
system 154. 
0060. The surgeon will generally manipulate tissues using 
the medical robotic system by moving the input devices 156 
within a three dimensional input device workspace of the 
surgeon console 150. In the exemplary embodiment, the sur 
geon will manipulate these input devices 156 while viewing 
the surgical site through display 154. Processor 152 can cal 
culate an image capture coordinate system via the sensors in 
positioning linkage 56' and manipulator 58 Supporting the 
endoscope, and can perform coordinate system transforma 
tions so as to generate signals to the manipulator structure that 
maintain alignment between the three dimensional image of 
the end effector as viewed through display 154 and the input 
devices 156 within the input device workspace. By maintain 
ing this alignment as the physician moves the input devices 
156 in both position and orientation, the medical robotic 
system allows the Surgeon to manipulate the medical tools as 
if each of the input devices 156 in the surgeons hands and 
their corresponding end effector in the surgeon’s field of view 
define a single contiguous medical tool 54. This provides an 
enhanced sense of presence and allows the Surgeonto operate 
efficiently and accurately without performing mental coordi 
nate transformations. The correlation between movement of 
the input devices 156 and image of the end effector is more 
fully described in U.S. Pat. No. 5,808,665 entitled “Endo 
scopic Surgical Instrument and Method for Use, while an 
exemplary method and structure for performing the coordi 
nate system transformation calculations is detailed in com 
monly owned U.S. Pat. No. 6,424,885 entitled “Camera Ref 
erenced Controlina Minimally Invasive Surgical Apparatus', 
the full disclosures of which are incorporated herein by ref 
CCC. 

0061 FIG. 11 illustrates, as an example, a block diagram 
of exemplary Printed Circuit Assemblies (PCAs) included in 
the surgeon console 150 and the patient-side cart 50. Hierar 
chically, the surgeon console 150, the patient-side cart 50, and 
the PCA's may be considered as subsystems of the medical 
robotic system. The PCA's may also be considered as subas 
semblies of the surgeon console 150 and/or the patient-side 
cart 50. Other mechanical, electrical, and electro-mechanical 
components of the medical robotic system may also be con 
sidered subsystems of the medical robotic system or subas 
semblies of their respective Subsystems. Such as the position 
ing linkages 56 and slave manipulators 58 of the robotic arms, 
the setup joints 84a, 84b and their respective release brakes 
124 of the positioning linkages 56, the active joints 84c. 84d. 
84e and their respective motors of the slave manipulators 58, 
and the Z-axis springs 100 used to dampen and/or counter 
balance movement of their respective robotic arms in the 
Vertical direction during their setup. 
0062. A System Control Processor (SCP) PCA 201, I/O 
Distribution (IOD-3) PCA 203, System Video Processor 
(SVP) PCA 202, and Video I/O Processor (VIO) PCA 204 are 
included in the surgeon console 150, and located in its card 
cage. Although not shown, a number of Video Processing 
Daughter (VPD) PCA's may also be plugged into the SVP 
PCA 202 for use by the vision subsystem. 
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0063. The SCP PCA 201 serves as the master controller 
for the surgeon console 150, and performs supervisory func 
tions for the entire medical robotic system. Multiple proces 
sors may be included on this PCA serving as compute engines 
for the master input devices (also referred to as “master 
manipulators'). The IOD-3 PCA 203 serves as an interface to 
all external Input/Output (I/O) to the internal system electron 
ics. It also performs some pre-processing of incoming 
encoder data as well as some power fault monitoring. The 
SVP PCA 202 serves as the master controller for the vision 
Subsystem, and interfaces the vision cart (including the assis 
tant display 12) to the surgeon console 150. The VIO PCA 
204 and VPD daughter PCA's are used by the vision system. 
0064. Remote arm Logic Controller (RLC) PCA's 221 
(one for each robotic arm), a Patient-side Cart Controller 
(PCC) PCA 222, Embedded Serializer Setup Joint (ESSJ) 
PCA's 223 (one for each robotic arm), and Embedded Seri 
alizer Manipulator (ESxM) PCA's 224 (one for each robotic 
arm) are included in the patient-side cart 50. The RLC PCA's 
221 and the PCC PCA 222 are located inside the base 52 of the 
patient-side cart 50. The ESSJ PCA's 223 are located near the 
setup joints of their respective robotic arms, and the ESXM 
PCA's 224 are located near the extremities of their respective 
robotic arms. 

0065. Each of the RLC PCA's 221 includes a Remote 
Compute Engine (RCE) and serves as master controller for its 
respective robotic arm performing Supervisory functions and 
controlling booting of its respective RCE, and the ESSJ and 
ESXM processors of its respective ESSJ and ESXM PCA's 
223 and 224. The PCC PCA 222 serves as master controller 
for the patient-side cart 50. In particular, it controls power to 
the cart side controllers, performs Supervisory functions, and 
manages the cart motion and battery control functions. Each 
of the ESSJ PCA's 223 gathers motor and sensor data from 
the setup joint motors (or brakes) of its respective robotic arm, 
and sends the data to its associated RLC PCA 221. Similarly, 
each of the ESXM PCA's 224 gathers motor and sensor data 
from the active joint motors of its respective robotic arm, and 
sends the data to its associated RLC PCA 221. 

0066 Communication between PCA's in the surgeon con 
sole 150 is facilitated by local bus 206, communication 
between PCA's in the patient-side cart 50 is facilitated by 
local bus 227, and communication between PCA's in the 
surgeon 150 and PCA's in the patient-side cart 50 is facili 
tated by a system bus 210 in conjunction with bus interfaces 
207 and 228 respectively on the surgeon console 150 and 
patient-side cart 50. System bus 210 also supports communi 
cations to and from the vision cart. 

0067. Each of the PCA's includes logic circuitry to per 
form its designated functions, and at least one non-volatile 
memory to store usage-related and other maintenance infor 
mation for the PCA, as well as, in some cases, for its associ 
ated Subsystems and Subassemblies. The maintenance infor 
mation may include service events and dates So that a 
complete service history (including other useful service 
related information Such as an identification of the party 
performing the service, problems encountered while per 
forming the service, reason for the service, etc.) is available 
for and travels with the system, Subsystem, Subassembly, 
and/or other component associated with the non-volatile 
memory. Also stored in the non-volatile memory is an iden 
tification of the component for which the usage-related infor 
mation is to be associated, such as a unique serial number of 
the component. As used herein, the term “component' is to be 
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understood to include a subsystem of the medical robotic 
system, or a Subassembly of the Subsystem, or a component of 
the subassembly. 
0068. The usage-related information is stored primarily 
for preventive maintenance purposes. Examples of Such 
usage-related information include a time that power is up 
(i.e., powered on) for the component, a cycle count of a 
number of times that the component is powered up and down 
(i.e., powered on and off), a measure of time since installation 
of the component, a measure of time since the last preventive 
maintenance for the component was performed, a count of the 
number of medical procedures that have been performed used 
the component, and an accumulated period of time that the 
component has been electrically conducting (i.e., power-on 
or battery run time). Where the component being monitored is 
one of the Z-axis springs 100, the usage-related information 
may include a count of a number of direction changes in the 
Z-axis for the Z-axis spring 100 (i.e., in the vertical up and 
down directions). Multiple regions or Zones in the Z-axis 
direction may be defined and counts recorded for movement 
therein (e.g., direction changes) of the Z-axis spring in order 
to accommodate more Sophisticated usage threshold algo 
rithms. For the measure of time since installation of a com 
ponent or last preventive maintenance for the component, the 
measurement may be in terms of days starting from the cal 
endar date of the installation or preventive maintenance, 
which is stored in Such case in the associated non-volatile 
memory of the componentalong with a serial number or other 
identifying indication of the component. 
0069. In addition to preventive maintenance purposes, the 
usage-related information stored in non-volatile memory 
may also be used for failure analysis purposes when the 
memory travels with the failed component. This solves a very 
tough logistical problem that is presented when the manufac 
turer's quality and reliability organization tries to piece the 
life story of the failed component together when it has been 
installed in multiple systems since it was built. 
0070 FIG. 12 illustrates a flow diagram of a preventive 
maintenance method utilizing the usage-related information 
stored in non-volatile memories of the medical robotic sys 
tem, such as the non-volatile memories (NVM) 211-214, 
231-234 of PCA's 201-204, 221-224. In 301, the system is 
first powered up. Upon being powered up, optionally, in 302, 
a system configuration file is updated with the usage-related 
information stored in the non-volatile memories associated 
with the monitored components, such as counts for elapsed 
time measurements and calendar dates for installation of the 
components or preventive maintenance previously performed 
on the components along with serial numbers or other iden 
tifying indicia of the components. The updating in this case is 
performed by a processor on the SCP PCA 201, and the 
system configuration file is preferably stored in the NVM 211 
of the SCPPCA 201. Optionally, the updating of the system 
configuration file may also or alternatively be performed at 
power down of the system as shown in 311 of FIG. 13. In this 
latter case, although it may not be necessary to perform 302 in 
addition to performing 311, it would be useful to perform the 
system configuration file update at both power up and power 
down in order to determine if any changes have been made to 
the system Such as replacement of components of the medical 
robotic system since the last time power was turned on. 
(0071. In 303-306, selected ones of the items of usage 
related information stored in the system configuration file are 
checked by the processor in the SCP PCA 201 to determine 
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whether these items have exceeded predetermined threshold 
limits. In the preferred embodiment, each selected item may 
be checked for two threshold limits. Exceeding the first 
threshold, results in issuing an error message on the display 
screen of the surgeon console 150. Even though the first 
threshold is not exceeded, exceeding the second (and lower) 
threshold, results in issuing a warning message on the display 
screen of the surgeon console 150. 
0072 Thus, in 303, a selected item is read from the system 
configuration file, and in 304, the item is checked to see if it 
exceeds either the first or second threshold. If no threshold is 
exceeded, then in 306, it is determined whether the item 
currently being processed is the last item to be checked. If it 
is the last item, then the method proceeds to 307 so that the 
system is ready to perform a medical procedure. On the other 
hand, if it is not the last item, then the next item to be checked 
is processed by jumping back to 303. 
0073. If either the first or second threshold limit is deter 
mined to be exceeded for the item in 304, then in 305, an 
appropriate message is displayed on the display Screen of the 
surgeon console 150. For example, if the first threshold limit 
is exceeded, an error message such as “Non-recoverable fault: 
XXXXX. Contact Customer Service.” may be displayed 
where XXXXX indicates the type of error, and if the second 
threshold limit is exceeded, a warning message Such as "Pre 
ventive Maintenance recommended. Contact Customer Ser 
vice.” may be displayed. In addition to displaying the error 
message, the system may also be locked or otherwise transi 
tioned to an error state so that medical procedures may not be 
performed using the medical robotic system until the indi 
cated preventive maintenance is performed, following which, 
a field service technician may reset the counts or increment 
the usage thresholds. Although only one warning threshold is 
described herein, it is to be appreciated that several warning 
threshold levels may be employed with each subsequent 
warning indicating a stronger worded recommendation that 
preventive maintenance be performed. In addition to the rec 
ommendation that preventive maintenance be performed, an 
estimate to a time when an error threshold that would shut the 
system down or lock it up may also be calculated and pro 
vided in the warning message. 
0074. In 307-309, the medical robotic system is opera 
tional (i.e., ready to perform a medical procedure), and 
selected processors on the PCA's perform the following 
tasks. In 307, a timer for each of the monitored components is 
started when power to the component is turned on (and 
stopped when the power to the component is turned off, with 
elapsed time recorded in the associated non-volatile 
memory), and in 308, each of the monitored components is 
monitored to identify when a counting event occurs. If a 
counting event is detected, then in 309, a count corresponding 
to the event is incremented in the associated non-volatile 
memory. In addition, an events list may also be updated in the 
non-volatile memory and/or the system configuration includ 
ing an identification of the event that resulted in the count 
being incremented and the date or time of the incrementing. 
0075 Examples of counting events and usage threshold 
include the following for different items or usage-related 
information. When the usage is a measure of time starting 
from Some event Such as power up, installation, last preven 
tive maintenance, or time of electrically conducting for a 
component, the counting event may be an elapsed period of 
time such as every five minutes starting from Such an event, 
and the usage threshold may be a certain number of Such 
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counts indicating when preventive maintenance should be 
performed for Such usage. When the usage is a cycle count of 
a number of times that the component is powered up and 
down, the counting event may be the detection of a power 
down request, and the usage threshold may again be a certain 
number of Such counts indicating when preventive mainte 
nance should be performed. When the usage is a count of the 
number of medical procedures that have been performed used 
the component, the counting event may be a Surgeon gener 
ated indication that a medical procedure is to be performed, 
and the usage threshold may again be a certain number of 
Such counts indicating when preventive maintenance should 
be performed. When the usage is a count of a number of 
direction changes for the Z-axis spring, the counting event 
may be a filtered output of a potentiometer measuring the 
movement of the spring in the Z-axis direction, and the usage 
threshold may again be a certain number of Such counts 
indicating when preventive maintenance should be per 
formed. The filtering in this last case is performed in order to 
eliminate vibrations on the spring that are not a result of a 
repositioning of its corresponding robotic arm. 
0076. The non-volatile memories 211-214, 231-234 of 
PCA's 201-204, 221-224 may be electrically programmable 
read-only-memory (EPROM) devices, electrically erasable 
and programmable read-only-memory (EEPROM) devices, 
or flash electrically erasable and programmable read-only 
memory (flash EEPROM) devices. Since flash EEPROM 
devices do not generally support erasure of single bits, but 
require that all bits of the device be erased at the same time, it 
is desirable when using this kind of non-volatile memory to 
increment counts stored therein without having to erase any 
bits. One way to do this is using a simple “tick' scheme, 
wherein N bits are allocated to facilitate counting to N (i.e., 
one bit per count). Using this scheme, the N bits are initially 
erased so that they all indicate a “0” logic state, and each time 
the count is incremented, one of the N bits is changed to 
indicate a “1” logic state. 
0077 FIG. 13 illustrates, as an example, a flow diagram of 
a method used for performing optional power down tasks in 
conjunction with the preventive maintenance method 
described in reference to FIG. 12. In 310, a power down 
process is initiated for the medical robotic system. At this 
time, any timers started in 301 of FIG. 12 are stopped, and 
their elapsed times recorded in associated non-volatile 
memories. As previously described, in 311, the system con 
figuration file is optionally updated with the usage-related 
information stored in the system non-volatile memories Such 
as non-volatile memories 211-214, 231-234 of PCA's 
201-204.221-224. In addition, optionally, in 312, a snapshot 
of the contents of the system non-volatile memories or the 
system configuration file may be stored in a removable 
memory unit or device such as a PCMCIA or other format 
memory card. 
0078 FIG. 14 illustrates, as an example, a block diagram 
of a medical robotic system including a Surgeon console 150 
having a memory card slot 401 for inserting memory cards 
402 such as a Sandisk CompactFlash R card distributed by 
Sandisk Corporation of Sunnyvale, Calif. In this case, the 
processor on the SCPPCA 201 may cause a snapshot of the 
contents of the non-volatile memories in both the Surgeon 
console 150 and the patient-side cart 50 to be stored in the 
memory card 402 at power down. It may also cause the 
contents of the system configuration file to be stored instead 
or additionally in the memory card 402. 
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007.9 The medical robotic system also includes a patient 
side cart 50 optionally having one or more memory card slots 
403 for inserting memory cards 404 such as the aforemen 
tioned Sandisk CompactFlash R card. When only one 
memory card slot is provided, the slot may be located on the 
vertical column or base of the cart 50. In this case, the pro 
cessor on the PCC PCA 222 may cause a snapshot of the 
contents of selected non-volatile memories in the patient-side 
cart 50 to be stored in the memory card 404 at power down. 
When a memory card slot is provided on each of the robotic 
arms of the patient-side cart 50, however, then the processor 
in either the ESSJ PCA 223 or ESXM PCA 224 associated 
with a robotic arm may cause a Snapshot of the contents of 
selected non-volatile memories associated with the robotic 
arm to be stored in its inserted memory card at power down. 
0080. The description above has been primarily directed 
towards determining when preventive maintenance warnings 
and/or error messages should be displayed on a display Screen 
of the surgeon console 150, and displaying those determined 
warnings and/or error messages at System start-up or power 
on. In addition to Such a preventive maintenance method as 
described above, the present invention is also useful for 
reporting back the stored usage-related information to manu 
facturer's central office in order to forecast service resource 
needs to better Support its customers, and service revenues for 
better financial planning. 
0081 FIG. 15 illustrates, as an example, a block diagram 
of a system for centrally processing usage-related informa 
tion from a number of remote medical robotic systems for 
preventive maintenance forecasting and other purposes. In 
this example, remote medical robotic systems 501-503 com 
municate contents of their respective system configuration 
files back to a central office computer 500 through a commu 
nication medium 510 such as the Internet or direct telephone 
lines. Although only three medical robotic systems are shown 
in this figure, it is to be appreciated that the actual number 
may be significantly more, or even less. Transmission of the 
information may be performed upon power up or power down 
of the medical robotic systems 501-503, or such transmission 
may be performed at a programmed time of day or upon 
request by central office computer 500. 
0082 FIG. 16 illustrates, as an example, a flow diagram of 
a method performed by the central office computer 500 for 
monitoring preventive maintenance needs for remote medical 
robotic systems assigned to it. In 601, the central office com 
puter 500 receives and stores updated usage-related informa 
tion from the system configuration files of the medical robotic 
systems. The receipt of this information may occur as each of 
the medical robotic systems are powered on or powered off, or 
it may be received at designated times of the day or upon 
request by the central office computer 500, or it may be 
received upon the occurrence of some other event. 
0083. After the usage-related information is received and 
stored in a mass memory device of the central office computer 
500, the central office computer 500 may perform tasks 
602-609 to estimate preventive maintenance resource needs 
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for the medical robotic systems and/or estimated service rev 
enues from preventive maintenance to be performed on them. 
I0084. In 602-604, parameters SYSTEM and ITEM are 
initialized for counting purposes in a conventional program 
ming manner. The SYSTEM parameter in this case indicates 
one of the remote medical robotic systems, and the ITEM 
parameter indicates one of the usage-related items stored in 
the system configuration file for that SYSTEM. 
I0085. In 605-606, usage-related information for a current 
ITEM and SYSTEM is read from memory, and processed to 
determine an estimated time to reach a usage threshold for the 
ITEM and SYSTEM. The estimation performed in 606 may 
be simply an extrapolation of several instances of such usage 
related information taken at different times. For example, if 
the count for the ITEM is increasing at an average rate of 5 
counts per day, then an estimate of the number of days that it 
would take to reach a usage threshold of 100 counts would be 
20 days. More Sophisticated estimation techniques may also 
be used for better results. 
0086 Conditional elements 607 and 608 cause the method 
to loop through all ITEMS for all SYSTEMS. The estimated 
preventive maintenance resource needs and revenue may then 
be determined in 609 by processing the estimated times to 
reach the usage thresholds as determined by the method loop 
ing through 603-608 as indicated, and applying appropriate 
preventive maintenance charges for each ITEM and SYS 
TEM according to their maintenance contracts. 
I0087 Although the various aspects of the present inven 
tion have been described with respect to a preferred embodi 
ment, it will be understood that the invention is entitled to full 
protection within the full scope of the appended claims. 

1-68. (canceled) 
69. A method for monitoring preventive maintenance 

needs for a plurality of medical robotic systems, comprising: 
periodically receiving usage-related information for moni 

tored components from each of the plurality of medical 
robotic systems; and 

processing the periodically received usage-related infor 
mation to estimate when preventive maintenance will be 
required for each of the monitored components of the 
plurality of medical robotic systems. 

70. The method according to claim 69, wherein the usage 
related information includes counts of usages, and the esti 
mation of when preventive maintenance will be required for 
each of the monitored components comprises: 

estimating when the count of each usage for each moni 
tored component will reach a corresponding usage 
threshold. 

71. The method according to claim 69, further comprising: 
estimating resource needs for performing preventive main 

tenance for the plurality of medical robotic systems. 
72. The method according to claim 69, further comprising: 
estimating service revenues generated by performing pre 

ventive maintenance for the plurality of medical robotic 
systems. 


