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(57) ABSTRACT

Disclosed herein are systems and methods for managing how
signals, which are sensed on a tool, are presented to an opera-
tor of the tool. According to one example of a method for
managing signals, the method comprises allowing an opera-
tor to manipulate a tool having a plurality of output mecha-
nisms mounted thereon. The method also includes sensing a
property of an object located near or adjacent to a distal
portion of the tool and processing the sensed property to
obtain one or more output signals. Furthermore, the method
includes applying the one or more output signals to one or
more of the output mechanisms.
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TOOL HAVING MULTIPLE FEEDBACK
DEVICES

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] The present application is a continuation of U.S.
application Ser. No. 12/327,104 filed on Dec. 3, 2008, which
is incorporated by reference herein in its entirety.

TECHNICAL FIELD

[0002] The embodiments of the present disclosure gener-
ally relate to hand tools and more particularly relate to sensing
a property of an object in the vicinity of a hand tool and
displaying the property in one or more output modes.

BACKGROUND

[0003] As opposed to open surgery in which a surgeon cuts
a relatively large incision in the skin of a patient for accessing
internal organs, minimally invasive surgical procedures are
performed by making relatively small incisions and then
inserting tools through the incisions to access the organs.
Minimally invasive surgery usually results in shorter hospi-
talization times, reduced therapy requirements, less pain, less
scarring, and fewer complications.

[0004] During minimally invasive surgery, the surgeon can
introduce a miniature camera through an incision. The cam-
era transmits images to a visual display, allowing the surgeon
to see the internal organs and tissues and to see the effect of
other minimally invasive tools on the organs and tissues. In
this way, the surgeon is able to perform laparoscopic surgery,
dissection, cauterization, endoscopy, telesurgery, etc. Com-
pared to open surgery, however, minimally invasive surgery
can present limitations regarding the surgeon’s ability to see
and feel the patient’s organs and tissues.

SUMMARY

[0005] The present disclosure describes a number of
embodiments of systems and methods for managing how
sensed signals are provided to an operator of a tool, which
includes a sensor for sensing the signals. In one embodiment,
for example, a method for managing signals includes allow-
ing an operator to manipulate a tool having a plurality of
output mechanisms mounted thereon. The method also
includes sensing a property of an object located near or adja-
cent to a distal portion of the tool and processing the sensed
property to obtain one or more output signals. The method
also includes applying the one or more output signals to one
or more of the output mechanisms.

[0006] The embodiments described in the present disclo-
sure may include additional features and advantages, which
may not necessarily be expressly disclosed herein but will be
apparent to one of ordinary skill in the art upon examination
of the following detailed description and accompanying
drawings. It is intended that these additional features and
advantages be included and encompassed within the present
disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] The components of the following figures are illus-
trated to emphasize the general principles of the present dis-
closure and are not necessarily drawn to scale. Reference
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characters designating corresponding components are
repeated as necessary throughout the figures for the sake of
consistency and clarity.

[0008] FIG. 1 is a diagram illustrating a side view of a
surgical tool according to one embodiment.

[0009] FIG. 2 is a diagram illustrating a rear perspective
view of a surgical tool having a level meter mounted thereon,
according to one embodiment.

[0010] FIG. 3 is a diagram illustrating a rear perspective
view of a surgical tool having an LCD screen mounted
thereon, according to one embodiment.

[0011] FIG. 4 is a diagram illustrating a side view of a
surgical tool having a device for providing visual and haptic
output to an operator, according to one embodiment.

[0012] FIG. 5 is a diagram illustrating a side view of a
surgical tool having a rotary device, according to one embodi-
ment.

[0013] FIG. 6 is a diagram illustrating a side view of a
surgical tool having haptic actuating devices formed in the
handle thereof, according to one embodiment.

[0014] FIG. 7 is a block diagram of a system for commu-
nicating sensed properties to an operator, according to one
embodiment.

[0015] FIG. 8 is a flow diagram illustrating a method for
controlling signals sensed by a sensor mounted on a tool,
according to one embodiment.

DETAILED DESCRIPTION

[0016] Although minimally invasive surgical procedures
involving small incisions include many advantages over open
surgery, minimally invasive surgery can still create chal-
lenges to a surgeon. For example, the surgeon must typically
rely on a camera to view the patient’s internal organs and see
how the movement and operation of the tools affects the
organs. To enhance the surgeon’s experience, feedback can be
provided to the surgeon to communicate information about
how the body of the patient reacts to the tools. According to
the teaching of the present disclosure, output can be provided
to the surgeon in multiple ways, e.g., visually, audibly, tac-
tilely, etc. Information regarding the status of feedback
devices can also be provided to the surgeon as well.

[0017] The present disclosure describes embodiments that
include any type of tools that can be manipulated by an
operator. More particularly, the tools described in the present
disclosure include a handle portion that mechanically con-
trols a distal portion of the tool. Mounted on the distal portion
are one or more sensors configured to sense a parameter of an
object that interacts with the tool. The sensed signals can be
processed to obtain stimulation signals designed to be pro-
vided to one or more output mechanisms, such as, for
example, haptic actuation devices, vibrotactile feedback
devices, kinesthetic feedback devices, visual displays, speak-
ers or other audio devices, etc.

[0018] Although many of the examples described in the
embodiments of the present disclosure relate to surgical tools,
such as minimally invasive surgical tools, it should be under-
stood that the present disclosure also encompasses other
types of tools as well. In addition, although many of examples
herein relate to surgical patients and how the organs and
tissues of the patient interact with the surgical tools, it should
also be understood that the present disclosure may also refer
to other objects that are intended to interact with or react to the
operations of the respective tools. Other features and advan-
tages will be apparent to one of ordinary skill in the art upon
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reading and understanding the general principles of the
present disclosure and are intended to be included herein.
[0019] FIG.1 is a diagram illustrating an embodiment of a
surgical tool 10. In this diagram, surgical tool 10 is shown as
a laparoscopic tool, which is configured to be inserted
through a small incision in the abdomen of a patient. Surgical
tool 10 in this embodiment includes a handle 12, a shaft 14,
and a distal portion 16. Shaft 14 is designed to connect handle
12 to distal portion 16 and to communicate mechanical
actions of handle 12 to distal portion 16. Shaft 14 is further
designed to communicate electrical signals from distal por-
tion 16 back to handle 12 as explained in more detail below.
[0020] According to the embodiment of FIG. 1, distal por-
tion 16 includes a tip 18 and a sensing device 20 formed on tip
18. As shown, tip 18 is a grasper. However, it should be
understood that distal portion 16 may include any suitable
type of tip having any suitable functionality. Also, in other
alternative embodiments, sensing device 20 may be con-
nected to any part of distal portion 16 or even other parts of tip
18. According to some examples of the embodiment of FIG.
1, shaft 14 may be about 20 cm to 30 cm in length and tip 18
may be about 10 mm to 15 mm in length.

[0021] According to the embodiment of FIG. 1, handle
portion 12 of surgical tool 10 further includes one or more
buttons 22. Buttons 22 can be configured using any suitable
mechanism for allowing an operator to control the nature of
the feedback that is provided to the operator. Buttons 22 may
include devices for allowing certain levels to be adjusted or
certain selections to be made regarding the output presented
to the operator. In some embodiments, buttons 22 may be
configured as switches, such as momentary toggle switches,
allowing an operator to select different ways in which sensor
information is mapped or provided to respective output
devices. Buttons 22 can be implemented as a rocker switch or
as a one-dimensional control surface.

[0022] Handle portion 12 also includes a processing device
24, haptic actuator 26, and a speaker 28, which are shown
through a cut out in handle portion 12. Processing device 24,
haptic actuator 26, and speaker 28 can be mounted on a
printed circuit board (not shown), which includes circuitry for
electrically coupling the components. The circuitry on the
printed circuit board may include any suitable amplification
and attenuation type circuitry, power sources for providing
and regulating power to each component, and other circuitry
for proper operation of processing device 24 and other com-
ponents as would be understood by one of ordinary skill in the
art. In some embodiments, haptic actuator 26 can be imple-
mented as an inertial actuator to provide vibrotactile feedback
to the operator. Haptic actuator 26 may include an eccentric
rotating mass (“ERM”) actuator, linear resonant actuator
(“LRA”), piezoelectric actuator, shape memory alloy, elec-
tro-active polymer, or other suitable type of actuating device.
[0023] Inthisembodiment of FIG. 1, handle portion 12 also
supports a level meter 30. As illustrated, level meter 30 is
mounted on a back section of handle portion 12, which is
designed for normal conformity with the operator’s thumb.
Level meter 30 may be a visual feedback device to show
certain levels that can be adjusted by the operator. For
example, by using buttons 22, the operator can generally
adjust how signals sensed by sensing device 20 are processed
and presented to the operator. According to one function of
buttons 22, the operator can enable or disable one or more
output mechanisms by controlling whether or not output sig-
nals based on the sensed signals are provided to the respective
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output devices. Another function of buttons 22 includes the
ability to enable one or more output mechanisms. According
to FIG. 1, the output mechanisms can include at least haptic
actuator 26, speaker 28, and level meter 30. In this regard, the
operator can control if and how sensed signals are presented
in a visual, auditory, and/or haptic fashion.

[0024] The different output mechanisms may be used to
cooperatively communicate a single property. In some
embodiments, however, they can represent distinct compo-
nents of the processed sensor signals or other parameters. In
some cases, one or more of the output mechanisms may be
configured to provide both sensor signal information and
adjustment level information, depending on the particular
application.

[0025] Furthermore, buttons 22 can be used to adjust the
level, intensity, or amplitude at which the output mechanisms
provide the respective output. For example, the operator may
wish to disable haptic actuator 26, but enable speaker 28 and
have its volume turned down low.

[0026] By manipulating handle 12, an operator can insert
distal portion 16 into the abdomen of the patient and control
tip 18 of distal portion 16. When distal portion 16 is inserted,
the surgeon can further manipulate handle 12 to control the
location and orientation of tip 18 such that sensing device 20
is able to contact certain regions of the patient. Sensing device
20 may include one or more sensors each configured to mea-
sure or test any desired parameter of the patient, such as pulse,
for example. In some embodiments in which sensing device
20 does not necessarily need to contact a particular region of
the patient, tip 18 can be controlled to position sensing device
20 to accomplish certain contactless sensing functions.
[0027] Sensing device 20 can be configured to sense any
suitable property of the object under test. For instance, sens-
ing device 20 can be configured as pressure sensors using
resistive or capacitive pressure sensing technologies. Alter-
natively, sensing device 20 can include strain gauges, piezo-
electric sensors, stiffness sensors, etc. As strain gauges, sens-
ing device 20 can provide additional information about
contact force to finely tune a generally coarse measurement of
force. As piezoelectric sensors, sensing devices 20 can gen-
erate ultrasound signals that reflect off portions of the object.
In this case, echo signals can be detected by sensing device 20
to determine the location of objects. Sensing device 20 can
also be configured as stiffness sensors that can detect nodules,
e.g., tumors, or other stiff regions.

[0028] The features illustrated and described with respect
to FIG. 1 may also be incorporated within the embodiments
shown with respect to FIGS. 2-6 as described below. How-
ever, for the sake of brevity, many features shown in some
drawings may not be shown in other drawings. Also, the
description of similar elements in different drawings is not
repeated. It should be appreciated, however, that although one
or more embodiments may not include features described
with respect to other embodiments, some or all of the features
may still be included therein as would be recognized from an
understanding of the present disclosure.

[0029] FIG. 2 is a diagram showing an embodiment of a
surgical tool 40 from a rear perspective. In this diagram, only
a handle portion 42 and a part of a shaft 44 are shown of
surgical tool 40, which may further include other features,
such as a sensing device at a distal end. On a back region of
handle portion 42, surgical tool 40 in this embodiment
includes a level meter 46. Level meter 46 may include the
same functionality as level meter 30 shown in FIG. 1. Level
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meter 46 can be configured to display any type of visual
information to the operator. In particular, level meter 46 may
be designed, for example, to display values, levels, and/or
percentages of properties of the object being sensed by a
distal sensor.

[0030] Levelmeter 46 may be an interactive control surface
allowing the user to adjust the properties of the output mecha-
nisms. Level meter 46 can receive touch information from the
user to make adjustments. Also, level meter 46 can display
status information of one or more output mechanisms
mounted on surgical tool 40. In this regard, the status infor-
mation can include whether a respective output mechanism is
enable or disabled, the level of intensity, strength, or magni-
tude of the signal supplied to the respective output mecha-
nism, or other parameters of the respective output mecha-
nisms. Regarding parameters with respect to visual display
devices, for example, certain picture quality parameters can
be adjusted. Regarding parameters with respect to audio
devices, for example, frequency, fade time, and other auditory
parameters can be adjusted. Regarding parameters with
respect to haptic actuating devices, for example, frequency,
intensity, and other various haptic parameters can be adjusted.

[0031] FIG. 3 is a diagram showing an embodiment of a
surgical tool 50 from a rear perspective view. In this diagram,
only a handle portion 52 and a part of a shaft 54 are shown of
surgical tool 50, which may include other features, such as a
sensing device at a distal end thereof. On a back region of
handle portion 52, surgical tool in this embodiment includes
a liquid crystal display (LCD) screen 56. LCD screen 56 may
be used to display visual information regarding the object
sensed at a distal end of surgical tool 50. In some embodi-
ments, the sensor at the distal end may contain a camera or
other type of image capture device. In this case, images can be
presented on LCD screen 56 to assist the surgeon to position
the tool as needed. LCD screen 56 may also be configured to
show ultrasound, x-ray, or other types of radiation-based
image information.

[0032] LCD screen 56 can include a touchscreen, which
can be configured to present information, e.g., visual infor-
mation, to the operator. Also, the touchscreen can also be
configured to sense when the operator presses certain por-
tions of the touchscreen. In this way, the touchscreen can act
as a touchable user interface with graphical presentation
capabilities. In some embodiments, LCD screen 56 may be
designed with a surface that changes shape or size based on
signals being sensed. For example, the surface of LCD screen
56 may be able to adjust its topology to provide an indication
of the topology or other feature of the object being sensed.

[0033] LCD screen 56 can include supplemental informa-
tion, which may depend on the context of the particular sur-
gical procedure being performed. Information may include,
for example, pre-operative information, intra-operative infor-
mation, radiology information, etc. LCD screen 56 may
include a graphical user device that enables the surgeon to
select different feedback profiles, adjust sensor behavior,
modify supplemental information, etc.

[0034] LCD screen 56 may also include a control slider
device 58, which can be designed to allow the operator to
make adjustments to the image or contour information pro-
vided on LCD screen 56. In other embodiments, control slider
device 58 may instead be configured using other types of
control devices, such as buttons, switches, etc., for control-
ling image information.
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[0035] FIG. 4 is a diagram showing an embodiment of a
surgical tool 60 from a side view. This embodiment and other
embodiments illustrated herein are particularly implemented
for right-handed surgeons. It should be understood, however,
that a reversed or mirror-image implementation can be
obtained for use by left-handed surgeons. In this diagram,
only a handle portion 62 and part of a shaft 64 are shown of
surgical tool 60, which may include other features, such as a
sensing device at a distal portion thereof. In this embodiment,
handle portion 62 supports a display device 66. Display
device 66 may be configured to provide any type ofindication
of properties of the object under test. For example, various
properties can be sensed by one or more distal sensors or can
result from different algorithmic applications during process-
ing of sensed signals.

[0036] In the embodiment of FIG. 4, display device 66
provides information about pulse, lumen, and stiffness of the
object. For example, pulse indication refers to a pulse of a
blood vessel of a patient when this vital statistic is measured.
The lumen indication refers to the presence or absence of a
hollow tissue structure (lumen) such as a ureter, bile duct, or
the like. The stiffness indication refers to the stiffness of an
organ or tissues in contact with a sensor at the distal end of
surgical tool 60.

[0037] Display device 66 can provide indication of particu-
lar parameters by the use of bar indicators 68, where the
length of the bar of each respective bar indicator 68 represents
an intensity or level of the respective parameter. Bar indica-
tors 68 of display device 66 can be configured to provide
output information both visually and haptically. For example,
since display device 66 is positioned on the side of handle
portion 62, the operator may be able to look at the side of
surgical tool 60 during use to see display device 66. In addi-
tion, the index finger of the operator can be placed on the
surface of display device 66 to haptically sense display device
66. In this respect, bar indicator 68 includes any suitable
haptic output device, shape changing device, etc., to commu-
nicate the particular information to the operator using the
sense of touch. Therefore, the operator can feel the length of
bar indicators 68 to receive the needed feedback signals as
needed, even without visually observing display device 66.
[0038] FIG. 5 is a diagram showing an embodiment of a
surgical tool 70 from a side view. In this diagram, only a
handle portion 72 and part of a shaft 74 are shown of surgical
tool 70, which may include other features, such as a sensing
device at a distal portion thereof. Handle portion 72, accord-
ing to this embodiment, includes, among other things, a rotary
device 76, which can be used as a “roll” control device.
Rotary device 76 is connected to shaft 74 and, when rotated
by operator, is configured to rotate shaft 74 about its axis.
Likewise, a sensor connected to a distal portion of surgical
tool 70 rotates in response to rotation of rotary device 76. In
this way, the operator can control the positioning of the sensor
to pick up various signals from different sensed regions of the
patient.

[0039] In this embodiment, vibrotactile, haptic, kines-
thetic, and/or resistive feedback can be incorporated into
rotary device 76 to indicate directly certain information
through rotary device 76 itself. According to one example, a
vibrotactile actuator may vibrate rotary device 76 at an ampli-
tude based on the stiffness of the region of the patient being
sensed. In another example, a sensor can be mounted on a
perpendicular face of the shaft axis or distal end and oriented
toward the side. Using the roll control, the sensor sweeps
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around the axis to observe the surrounding tissue and identify
vasculature, tumor masses, etc., using visual sensor, stiffness
sensor, or other suitable sensors.

[0040] FIG. 6 is a diagram showing an embodiment of a
surgical tool 80 from a side view. In this diagram, only a
handle portion 82 and part of a shaft 84 are shown of surgical
tool 80, which may include other features, such as a sensing
device at a distal portion thereof. In this embodiment, surgical
tool 80 includes haptic actuating devices 86 incorporated in
the handle portion 82 for providing haptic effects to the fin-
gers and thumb of a hand of the surgeon. Haptic actuating
devices 86 may be configured to provide feedback signals
based on signals sensed at the distal portion of surgical tool
80. Haptic actuating devices 86 may include ERM actuators,
LRAs, shape memory alloys, electromagnetic motors, elec-
tro-active polymers that deform in response to signals,
mechanism for changing stiffness, vibrotactile actuators,
inertial actuators, piezoelectric actuators, etc. In one
example, a grasping characteristic can be used to convey
contact force, pressure, etc., on haptic actuating devices 86.
[0041] Haptic actuating devices 86 may be able to sense
pressure applied by the user. In response to the pressure,
haptic actuating devices 86 may be configured to provide an
alert that the user may be squeezing handle portion 82 too
hard or too soft. Haptic actuating devices 86 may also be
configured to communicate sensed information to the user.
[0042] FIG. 7 is a block diagram illustrating an embodi-
ment of a system 94 for controlling how sensed signals are
provided to an operator. In this embodiment, system 94
includes one or more sensors 96, a processing device 98, one
ormore haptic actuators 100, one or more visual displays 102,
and one or more audio devices 104. Sensor 96 may be posi-
tioned on a portion of a tool, e.g., a distal end ofa tool used for
probing an object. Sensor 96 is configured to include any type
of sensing mechanisms to sense any suitable characteristic of
the object.

[0043] The sensed information from each of the one or
more sensors 96 is communicated to processing device 98,
which is configured to process the information according to
specific algorithms and operator selections. Processing
device 98, for example, may correspond to processing device
24 shown in FIG. 1. Depending on the type of sensing mecha-
nisms of sensors 96 and the type of properties being mea-
sured, the algorithms of processing device 98 can determine
various characteristics of the object. Processing device 98
also takes into account operator input regarding enabling or
disabling one or more output mechanisms, adjusting of levels
of'the one or more output mechanisms, etc. Processing device
98 may then communicate the processed information to one
or more of haptic actuator 100, visual display 102, and audio
device 104 according to which ones of these output mecha-
nisms are enabled and how they are controlled to provide their
respective outputs. Haptic actuator 100, visual display 102,
and audio device 104 represent the output mechanisms that
are designed to present the sensor information to the operator.
[0044] Processing device 98 may be a general-purpose or
specific-purpose processor or microcontroller for processing
the signals detected by sensor 96. In some embodiments,
processing device 98 may include a plurality of processors for
performing different functions with respect to system 94. In
some embodiments, processing device 98 may be associated
with a memory device (not shown) for storing data and/or
instructions. In this regard, the memory may include one or
more internally fixed storage units, removable storage units,
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and/or remotely accessible storage units, and the various stor-
age units may include any combination of volatile memory
and non-volatile memory. Logical instructions, commands,
and/or code can be implemented in software, firmware, or
both, and stored in memory. In this respect, the logic code
may be implemented as one or more computer programs that
can be executed by processing device 34.

[0045] In other embodiments, logical instructions, com-
mands, and/or code can be implemented in hardware and
incorporated in processing device 98 using discrete logic
circuitry, an application specific integrated circuit (“ASIC”),
a programmable gate array (“PGA”), a field programmable
gate array (“FPGA”), etc., or any combination thereof. In yet
other embodiments, logical instructions, commands, and/or
code can be implemented in both hardware in processing
device 98 and software/firmware stored in the memory.
[0046] Each output device represented by haptic actuator
100, visual display 102, and audio device 104 may include
one or more of the respective output devices in any suitable
form for providing haptic, visual, or audio outputs to the
operator. Also, some output devices may be capable of pro-
viding multiple modes of communication in any combina-
tion. The output mechanisms may include any number of
feedback mechanisms in any number of modes for providing
any type of visual, audible, and/or tactile output to the opera-
tor. In the embodiments regarding surgical tools, the output
mechanisms may be set up to provide feedback to the surgeon
according to the surgeon’s preferences. With feedback tai-
lored to the surgeon’s desires, the tool can provide feedback
to supplement the operator experience for better operation
and performance.

[0047] FIG. 8 is a flow diagram of an embodiment of a
method of operation of a tool having multiple modes of feed-
back. As indicated in block 110, an operator is allowed to
manipulate a tool according to a normal use of the tool. For
example, the operator may manipulate a handle, buttons, or
other feature on the tool to control a functional portion of the
tool. The controlled portion may be a portion that is posi-
tioned on an opposite end of the tool from the handle. The
controlled portion can be probed around to contact an object
being tested or to be placed in proximity to the object being
tested, depending on the particular type of parameter being
measured.

[0048] As indicated in block 112, one or more properties of
an object are sensed at a distal end of the tool. Particularly, the
property or properties may be sensed by one or more sensing
devices. The sensors may be positioned on or near the con-
trolled portion of the tool. According to block 114, the sensed
properties are processed to obtain output signals. Based on
the properties sensed and the types of output mechanisms
incorporated in tool, output signals can be obtained for each
particular output mechanism.

[0049] Asindicated in block 116, operator selected settings
are retrieved. In particular, the settings are selected to define
how the output mechanisms are to be used in response to
sensed signal. For example, the operator selected settings
may include whether each respective output mechanism is
enable or disabled, or turned on or off. Also, the settings may
include level adjustment for factors associated with the dif-
ferent types of modes of communication, such as a haptic
mode, visual mode, auditory mode, etc.

[0050] As indicated in block 118, the output signals are
provided to the one or more output mechanisms. Thus, the
sensed signals are communicated to the operator in one or
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more different output modes, depending on the modes
selected by the operator. The outputs may be haptic outputs,
vibrotactile effect outputs, visual outputs, auditory outputs, or
any combination of these or other outputs.

[0051] Itshould be understood that the routines, steps, pro-
cesses, or operations described herein may represent any
module or code sequence that can be implemented in software
or firmware. In this regard, these modules and code sequences
can include commands or instructions for executing the spe-
cific logical routines, steps, processes, or operations within
physical components. It should further be understood that two
or more of the routines, steps, processes, and/or operations
described herein may be executed substantially simulta-
neously or in a different order than explicitly described, as
would be understood by one of ordinary skill in the art.
[0052] The embodiments described herein represent a
number of possible implementations and examples and are
not intended necessarily to limit the present disclosure to any
specific embodiments. Instead, various modifications can be
made to these embodiments as would be understood by one of
ordinary skill in the art. Any such modifications are intended
to be included within the spirit and scope of the present
disclosure and protected by the following claims.

What is claimed is:

1. A tool comprising:

a handle portion, a shaft portion and a distal portion,
wherein the shaft portion connects the handle portion
with the distal portion;

a sensor mounted on the distal portion, the sensor config-
ured to generate sensor signals representing one or more
characteristics of an object located near or adjacent to
the distal portion of the tool;

a rotary device mounted on the handle portion, the rotary
device configured to rotate the shaft about its longitudi-
nal axis such that the sensor connected to the distal
portion rotates about the longitudinal axis of the shaft;

a processing device configured to process the sensor sig-
nals to generate one or more output signals; and

an output system mounted on the handle portion, the output
system including a plurality of output mechanisms
selected from the group consisting of a haptic device, a
visual device, and an audio device, wherein the process-
ing device is further configured to provide the one or
more output signals to the output mechanisms to provide
feedback relating to the one or more characteristics of
the object.

2. The tool of claim 1, further comprising:

a set of switches disposed on the handle portion, wherein
one or more of the switches is configured to enable
selection of which ones of the output mechanisms are
enabled.

3. The tool of claim 2, wherein one or more of the switches

is configured to enable adjustment of output parameters of the
enabled output mechanisms.
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4. The tool of claim 3, further comprising:

a level meter mounted on the handle portion, the level
meter being configured to indicate how the parameters
of the enabled output mechanisms are adjusted.

5. The tool of claim 1, wherein one of the output mecha-
nisms is a visual device, the visual device comprising a liquid
crystal display (LCD) screen.

6. The tool of claim 1, wherein the tool is a surgical tool.

7. The tool of claim 6, wherein the surgical tool is a lap-
aroscopic tool.

8. The tool of claim 1, wherein the processing device is
further configured to apply the output signals in at least a
visual mode, a haptic mode, and an auditory mode.

9. The tool of claim 8, wherein the plurality of output
mechanisms includes a visual device having at least one dis-
play device, a haptic device having at least one haptic actua-
tor, and an audio device.

10. A tool comprising:

a handle portion and a distal portion;

a sensor mounted on the distal portion, the sensor config-
ured to generate sensor signals representing one or more
characteristics of an object located near or adjacent to
the distal portion of the tool;

a processing device configured to process the sensor sig-
nals to generate one or more output signals; and

an output system for providing multiple outputs from the
one or more output signals, the output system including
a display device mounted on the handle portion, wherein
the processing device is further configured to provide the
one or more output signals to the display device and
wherein the display device has a surface that provides a
haptic output by changing shape or size based on the
output signals to provide feedback relating to the one or
more characteristics of the object.

11. The tool of claim 10, wherein the display device
includes bar indicators that provide a visual output and are
configured to change shape to provide the haptic output.

12. Thetool of claim 11, wherein the haptic output includes
changes in a length of one or more of the bar indicators that
can be felt by a user.

13. The tool of claim 11, wherein the bar indicators provide
information about pulse, lumen and stiffness of the object.

14. The tool of claim 10, wherein the display device is a
liquid crystal display screen that is configured to provide the
haptic output and a visual output.

15. The tool of claim 14, wherein a topology of the liquid
crystal display screen adjusts to provide an indication of the
topology of the object being sensed.

16. The tool of claim 10, wherein the tool is a surgical tool.

17. The tool of claim 16, wherein the surgical tool is a
laparoscopic tool.
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