
Note: Within nine months of the publication of the mention of the grant of the European patent in the European Patent
Bulletin, any person may give notice to the European Patent Office of opposition to that patent, in accordance with the
Implementing Regulations. Notice of opposition shall not be deemed to have been filed until the opposition fee has been
paid. (Art. 99(1) European Patent Convention).

Printed by Jouve, 75001 PARIS (FR)

(19)
E

P
2 

35
1 

52
8

B
1

TEPZZ ¥5_5 8B_T
(11) EP 2 351 528 B1

(12) EUROPEAN PATENT SPECIFICATION

(45) Date of publication and mention 
of the grant of the patent: 
05.03.2014 Bulletin 2014/10

(21) Application number: 11157720.1

(22) Date of filing: 19.11.2009

(51) Int Cl.:
A61B 17/00 (2006.01)

(54) Tool having multiple feedback devices

Werkzeug mit mehreren Rückmeldungsvorrichtungen

Outil doté de plusieurs dispositifs de rétroaction

(84) Designated Contracting States: 
AT BE BG CH CY CZ DE DK EE ES FI FR GB GR 
HR HU IE IS IT LI LT LU LV MC MK MT NL NO PL 
PT RO SE SI SK SM TR

(30) Priority: 03.12.2008 US 327104

(43) Date of publication of application: 
03.08.2011 Bulletin 2011/31

(62) Document number(s) of the earlier application(s) in 
accordance with Art. 76 EPC: 
09756387.8 / 2 296 555

(73) Proprietor: Immersion Corporation
San Jose, CA 95134 (US)

(72) Inventors:  
• Ramstein, Christophe

San Francisco, CA 94133 (US)
• Ullrich, Christopher, J.

Santa Cruz, CA 95060 (US)
• Grant, Danny, A.

Laval Québec H7M 2A1 (CA)

(74) Representative: Hofstetter, Schurack & Partner
Patent- und Rechtsanwaltskanzlei 
Partnerschaft 
Balanstrasse 57
81541 München (DE)

(56) References cited:  
EP-A1- 1 769 756 WO-A1-01/49227
CA-A1- 2 520 942 US-A1- 2001 025 150
US-A1- 2002 143 275  



EP 2 351 528 B1

2

5

10

15

20

25

30

35

40

45

50

55

Description

TECHNICAL FIELD

[0001] The embodiments of the present disclosure
generally 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

[0002] 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 in-
cisions and then inserting tools through the incisions to
access the organs. Minimally invasive surgery usually
results in shorter hospitalization times, reduced therapy
requirements, less pain, less scarring, and fewer com-
plications.
[0003] During minimally invasive surgery, the surgeon
can introduce a miniature camera through an incision.
The camera 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. Compared to open surgery,
however, minimally invasive surgery can present limita-
tions regarding the surgeon’s ability to see and feel the
patient’s organs and tissues. Document EP 1 769 756
A1 discloses a surgical stapling instrument having a load
sensing control circuitry. A load sensor monitors the
amount of clamping force in the staple applying assem-
bly. Determination that a proper clamping force has been
achieved may then be used as a condition precedent of
a controller before firing. The controller also receives a
signal from one or more articulation sensors. The signal
is responsive to an angle of articulation of an articulation
joint. The articulation sensors can be provided a pressure
sensors located inside the joint. A control signal from the
controller may provide a visual and/or aural indication to
the user confirming the desired articulation angle has
been achieved. A power switch may be depressed by
the user to activate the closed loop system that includes
the controller. Document US 2001/0025150 A1 and WO
01/49227 A1 disclose a surgical device that provides per-
ceptual feedback in the form of tactile sensations or au-
ditory feedback as described in the preamble 1. A plurality
of output elements may be used to generate a plurality
of audible and/or tactile signals. Depending on the type
of output transducers used, these devices must be con-
nected to the processing electronics. On of the electro-
mechanical transducers may be includes in a hollow han-
dle of the surgical device. A switch enables an operator
to turn the perception enhancement electronics on or off.
Document US 2002/0143275 A I discloses a transrectal

probe with a display for displaying geometrical features
of the prostate.

SUMMARY

[0004] The present disclosure describes a number of
embodiments of systems for managing how sensed sig-
nals are provided to an operator of a tool, which includes
a sensor for sensing the signals. In one example a meth-
od, which is not part of the invention, for managing signals
includes allowing an operator to manipulate a tool having
a plurality of output mechanisms mounted thereon. The
method, which is not part of the invention, 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. The meth-
od, which is not part of the invention, also includes ap-
plying the one or more output signals to one or more of
the output mechanisms.
[0005] The embodiments described in the present dis-
closure 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 ac-
companying drawings. It is intended that these additional
features and advantages be included and encompassed
within the present disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] The components of the following figures are il-
lustrated to emphasize the general principles of the
present disclosure and are not necessarily drawn to
scale. Reference characters designating corresponding
components are repeated as necessary throughout the
figures for the sake of consistency and clarity.
[0007] FIG. 1 is a diagram illustrating a side view of a
surgical tool according to one embodiment.
[0008] FIG. 2 is a diagram illustrating a rear perspec-
tive view of a surgical tool having a level meter mounted
thereon, according to one embodiment.
[0009] FIG. 3 is a diagram illustrating a rear perspec-
tive view of a surgical tool having an LCD screen mounted
thereon, according to one embodiment.
[0010] FIG. 4 is a diagram illustrating a side view of a
surgical tool having a device for providing visual and hap-
tic output to an operator, according to one embodiment.
[0011] FIG. 5 is a diagram illustrating a side view of a
surgical tool having a rotary device, according to one
embodiment.
[0012] 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.
[0013] FIG. 7 is a block diagram of a system for com-
municating sensed properties to an operator, according
to one embodiment.
[0014] FIG. 8 is a flow diagram illustrating a method
for controlling signals sensed by a sensor mounted on a
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tool.

DETAILED DESCRIPTION

[0015] Although minimally invasive surgical proce-
dures involving small incisions include many advantages
over open surgery, minimally invasive surgery can still
create challenges to a surgeon. For example, the sur-
geon must typically rely on a camera to view the patient’s
internal organs and see how the movement and opera-
tion of the tools affects the organs. To enhance the sur-
geon’s experience, feedback can be provided to the sur-
geon 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, tactilely,
etc. Information regarding the status of feedback devices
can also be provided to the surgeon as well.
[0016] 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 mechan-
ically controls 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 stim-
ulation signals designed to be provided to one or more
output mechanisms, such as, for example, haptic actu-
ation devices, vibrotactile feedback devices, kinesthetic
feedback devices, visual displays, speakers or other au-
dio devices, etc.
[0017] Although many of the examples described in
the embodiments of the present disclosure relate to sur-
gical tools, such as minimally invasive surgical tools, it
should be understood that the present disclosure also
encompasses other types of tools as well. In addition,
although many of examples herein relate to surgical pa-
tients and how the organs and tissues of the patient in-
teract 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 advantages
will be apparent to one of ordinary skill in the art upon
reading and understanding the general principles of the
present disclosure and are intended to be included here-
in.
[0018] 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 portion 16 back to handle 12
as explained in more detail below.
[0019] According to the embodiment of FIG. 1, distal

portion 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 connected to any part of distal portion 16 or
even other parts of tip 18. According to some examples
of the aspect 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.
[0020] 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 suit-
able 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 embodi-
ments, 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. But-
tons 22 can be implemented as a rocker switch or as a
one-dimensional control surface.
[0021] 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 com-
ponents. The circuitry on the printed circuit board may
include any suitable amplification and attenuation type
circuitry, power sources for providing and regulating pow-
er to each components, and other circuitry for proper op-
eration of processing device 24 and other components
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 feed-
back to the operator. Haptic actuator 26 may include an
eccentric rotating mass ("ERM") actuator, linear resonant
actuator ("LRA"), piezoelectric actuator, shape memory
alloy, electro-active polymer, or other suitable type of ac-
tuating device.
[0022] In this embodiment 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 opera-
tor’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 de-
vice 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 signals based on the
sensed signals are provided to the respective output de-
vices. Another function of buttons 22 includes the ability
to enable one or more output mechanisms. According to
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FIG. 1, the output mechanisms can include at least haptic
actuator 26, speaker 28, and level meter 30. In this re-
gard, the operator can control if and how sensed signals
are presented in a visual, auditory, and/or haptic fashion.
[0023] The different output mechanisms may be used
to cooperatively communicate a single property. In some
embodiments, however, they can represent distinct com-
ponents of the processed sensor signals or other param-
eters. In some cases, one or more of the output mecha-
nisms may be configured to provide both sensor signal
information and adjustment level information, depending
on the particular application.
[0024] 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.
[0025] By manipulating handle 12, an operator can in-
sert 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 measure or test any
desired parameter of the patient, such as pulse, for ex-
ample. In some embodiments in which sensing device
20 does not necessarily need to contact a particular re-
gion of the patient, tip 18 can be controlled to position
sensing device 20 to accomplish certain contactless
sensing functions.
[0026] Sensing device 20 can be configured to sense
any suitable property of the object under test. For in-
stance, sensing device 20 can be configured as pressure
sensors using resistive or capacitive pressure sensing
technologies. Alternatively, sensing device 20 can in-
clude strain gauges, piezoelectric sensors, stiffness sen-
sors, etc. As strain gauges, sensing device 20 can pro-
vide additional information about contact force to finely
tune a generally coarse measurement of force. As pie-
zoelectric sensors, sensing devices 20 can generate ul-
trasound 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.
[0027] The features illustrated and described with re-
spect to FIG. 1 may also be incorporated within the em-
bodiments shown with respect to FIGS. 2-6 as described
below. However, for the sake of brevity, many features
shown in some drawings may not be shown in other draw-
ings. Also, the description of similar elements in different
drawings are not repeated. It should be appreciated,
however, that although one or more embodiments may
not include features described with respect to other em-
bodiments, some or all of the features may still be includ-
ed therein as would be recognized from an understanding
of the present disclosure.

[0028] 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 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 proper-
ties of the object being sensed by a distal sensor.
[0029] Level meter 46 may be an interactive control
surface allowing the user to adjust the properties of the
output mechanisms. Level meter 46 can receive touch
information from the user to make adjustments. Also, lev-
el meter 46 can display status information of one or more
output mechanisms mounted on surgical tool 40. In this
regard, the status information can include whether a re-
spective output mechanism is enable or disabled, the
level of intensity, strength, or magnitude of the signal
supplied to the respective output mechanism, or other
parameters of the respective output mechanisms. Re-
garding parameters with respect to visual display devic-
es, 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 param-
eters with respect to haptic actuating devices, for exam-
ple, frequency, intensity, and other various haptic param-
eters can be adjusted.
[0030] 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 embodiments, the sensor at
the distal end may contain a camera or other type of
image capture device. In this case, images can be pre-
sented on LCD screen 56 to assist the surgeon to position
the tool as needed. LCD screen 56 may also be config-
ured to show ultrasound, x-ray, or other types of radiation-
based image information.
[0031] LCD screen 56 can include a touchscreen,
which can be configured to present information, e.g., vis-
ual information, to the operator. Also, the touchscreen
can also be configured to sense when the operator press-
es certain portions of the touchscreen. In this way, the
touchscreen can act as a touchable user interface with
graphical presentation capabilities. In some embodi-
ments, 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

5 6 



EP 2 351 528 B1

5

5

10

15

20

25

30

35

40

45

50

55

be able to adjust its topology to provide an indication of
the topology or other feature of the object being sensed.
[0032] LCD screen 56 can include supplemental infor-
mation, which may depend on the context of the particular
surgical procedure being performed. Information may in-
clude, for example, pre-operative information, intra-op-
erative information, radiology information, etc. LCD
screen 56 may include a graphical user device that en-
ables the surgeon to select different feedback profiles,
adjust sensor behavior, modify supplemental informa-
tion, etc.
[0033] 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
provided on LCD screen 56. In other embodiments, con-
trol slider device 58 may instead be configured using oth-
er types of control devices, such as buttons, switches,
etc., for controlling image information.
[0034] 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 im-
plemented for right-handed surgeons. It should be un-
derstood, however, that a reversed or mirror-image im-
plementation can be obtained for use by left-handed sur-
geons. 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 of indication of prop-
erties of the object under test. For example, various prop-
erties can be sensed by one or more distal sensors or
can result from different algorithmic applications during
processing of sensed signals.
[0035] 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.
[0036] Display device 66 can provide indication of par-
ticular 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 param-
eter. Bar indicators 68 of display device 66 can be con-
figured to provide output information both visually and
haptically. For example, since display device 66 is posi-
tioned 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 addition, the index finger of
the operator can be placed on the surface of display de-
vice 66 to haptically sense display device 66. In this re-
spect, bar indicator 68 includes any suitable haptic output
device, shape changing device, etc., to communicate 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.
[0037] 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, according to this embodiment, includes,
among other things, a rotary device 76, which can be
used as a "roll" control device. Rotary device 76 is con-
nected to shaft 74 and, when rotated by operator, is con-
figured 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.
[0038] 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
amplitude based on the stiffness of the region of the pa-
tient 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 around the axis to observe the sur-
rounding tissue and identify vasculature, tumor masses,
etc., using visual sensor, stiffness sensor, or other suit-
able sensors.
[0039] 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 pro-
viding haptic effects to the fingers and thumb of a hand
of the surgeon. Haptic actuating devices 86 may be con-
figured 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, electro-
active polymers that deform in response to signals,
mechanism for changing stiffness, vibrotactile actuators,
inertial actuators, piezoelectric actuators, etc. In one ex-
ample, a grasping characteristic can be used to convey
contact force, pressure, etc., on haptic actuating devices
86.
[0040] 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 in-
formation to the user.
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[0041] FIG. 7 is a block diagram illustrating an embod-
iment 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 or more haptic actuators 100, one or more visual
displays 102, and one or more audio devices 104. Sensor
96 may be positioned on a portion of a tool, e.g., a distal
end of a 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.
[0042] The sensed information from each of the one
or more sensors 96 is communicated to processing de-
vice 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 mechanisms of sensors 96 and the type
of properties being measured, the algorithms of process-
ing 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
mechanisms are enabled and how they are controlled to
provide their respective outputs. Haptic actuator 100, vis-
ual display 102, and audio device 104 represent the out-
put mechanisms that are designed to present the sensor
information to the operator.
[0043] Processing device 98 may be a general-pur-
pose or specific-purpose processor or microcontroller for
processing the signals detected by sensor 96. In some
embodiments, processing device 98 may include a plu-
rality 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 stor-
age units, removable storage units, and/or remotely ac-
cessible storage units, and the various storage units may
include any combination of volatile memory and non-vol-
atile 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.
[0044] In other embodiments, logical instructions,
commands, and/or code can be implemented in hard-
ware and incorporated in processing device 98 using dis-
crete logic circuitry, an application specific integrated cir-
cuit ("ASIC"), a programmable gate array ("PGA"), a field
programmable gate array ("FPGA"), etc., or any combi-
nation thereof. In yet other embodiments, logical instruc-
tions, commands, and/or code can be implemented in
both hardware in processing device 98 and software/
firmware stored in the memory.

[0045] Each output device represented by haptic ac-
tuator 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 providing multiple modes of communica-
tion in any combination. 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 operator. 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 tailored to the
surgeon’s desires, the tool can provide feedback to sup-
plement the operator experience for better operation and
performance.
[0046] FIG. 8 is a flow diagram of an aspect of a meth-
od, which is not part of the invention, of operation of a
tool having multiple modes of feedback. 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 fea-
ture on the tool to control a functional portion of the tool.
The controlled portion may be a portion that is positioned
on an opposite end of the tool from the handle. The con-
trolled 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 param-
eter being measured.
[0047] As indicated in block 112, one or more proper-
ties 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 controlled portion of the tool.
According to block 114, the sensed properties are proc-
essed 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.
[0048] As indicated in block 116, operator selected set-
tings 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 different types of modes of
communication, such as a haptic mode, visual mode, au-
ditory mode, etc.
[0049] 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 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.
[0050] It should be understood that the routines, steps,
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processes, or operations described herein may repre-
sent any module or code sequence that can be imple-
mented in software or firmware. In this regard, these mod-
ules and code sequences can include commands or in-
structions for executing the specific logical routines,
steps, processes, or operations within physical compo-
nents. It should further be understood that two or more
of the routines, steps, processes, and/or operations de-
scribed herein may be executed substantially simultane-
ously or in a different order than explicitly described, as
would be understood by one of ordinary skill in the art.

Claims

1. A tool (10, 40, 50, 60) comprising:

a handle portion (12, 42, 52, 62) and a distal
portion (16);
a sensor (20, 96) mounted on the distal portion
(16), the sensor (20, 96) configured to generate
sensor signals representing one or more char-
acteristics of an object located near or adjacent
to the distal portion (16) of the tool;
a processing device (24, 96) configured to proc-
ess the sensor signals to generate one or more
output signals;
an output system mounted on the handle portion
(12, 42, 52, 62); and
the output system includes a plurality of output
mechanisms selected from the group consisting
of a haptic device (26, 100), a visual device
(102), and an audio device (28, 104); wherein
the processing device (24, 98) is further config-
ured to apply the one or more output signals to
the output mechanisms and characterized in
that
a set of switches (22) are disposed on the handle
portion (12, 42, 52, 62), wherein one or more of
the switches (22) is configured to enable an op-
erator to select which ones of the output mech-
anisms are enabled.

2. The tool of claim 1, further comprising a shaft (14,
44, 54, 64) connecting the handle portion (12, 42,
52, 62) with the distal portion (16).

3. The tool of claim 2, further comprising a rotary device
(76) mounted on the handle portion (12, 42, 52, 62),
the rotary device (76) configured to rotate the sensor
(20, 96) about an axis formed by the shaft (14, 44,
54, 64).

4. The tool of claim 1, wherein one or more of the switch-
es is configured to enable the operator to adjust out-
put parameters of the enabled output mechanisms.

5. The tool of claim 4, further comprising a level meter

(46) mounted on the handle portion (42), the level
meter (46) being configured to indicate how the pa-
rameters of the enabled output mechanisms are ad-
justed.

6. The tool of claim 1, wherein one of the output mech-
anisms is a visual device (102), the visual device
(102) comprising a liquid crystal display (LCD)
screen (56).

7. The tool of claim 1, wherein one of the output mech-
anisms includes a device configured to provide both
visual and haptic outputs.

8. The tool of claim 1, wherein the tool is a surgical tool
(10, 40, 50, 60) and the object is a patient.

9. The tool of claim 8, wherein the surgical tool (10, 40,
50, 60) is a laparoscopic tool.

10. The tool of claim 8, wherein the sensor (20, 96) is
further configured to obtain multiple sensory signals,
a first set of sensory signals comprising visual sen-
sory signals and a second set of sensory signal com-
prising haptic sensory signals.

11. The tool of claim 8, wherein the processing device
(24, 98) is further configured to provide the output
signals in at least a visual mode, a haptic mode, and
an auditory mode.

12. The tool of claim 11, wherein the output system in-
cludes at least one visual display device (30, 46, 56,
66, 102), at least one haptic actuator (26, 100), and
at least one audio device (28. 104).

Patentansprüche

1. Instrument (10, 40, 50, 60), das umfasst:

einen Griffabschnitt (12, 42, 52, 62) und einen
distalen Abschnitt (16);
einen Sensor (20, 96), der am distalen Abschnitt
(16) montiert ist, wobei der Sensor (20, 96) dazu
ausgelegt ist, Sensorsignale zu erzeugen, die
eine oder mehrere Eigenschaften eines Objekts
darstellen, das nahe dem oder benachbart zum
distalen Abschnitt (16) des Instruments ange-
ordnet ist;
eine Verarbeitungsvorrichtung (24, 96), die da-
zu ausgelegt ist, die Sensorsignale zu verarbei-
ten, um ein oder mehrere Ausgangssignale zu
erzeugen;
ein Ausgabesystem, das am Griffabschnitt (12,
42, 52, 62) montiert ist;
und
wobei das Ausgabesystem eine Vielzahl von
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Ausgabemechanismen umfasst, die aus der
Gruppe ausgewählt sind, die aus einer hapti-
schen Vorrichtung (26, 100), einer visuellen Vor-
richtung (102) und einer Audiovorrichtung (28,
104) besteht; wobei die Verarbeitungsvorrich-
tung (24, 98) ferner dazu ausgelegt ist, das eine
oder die mehreren Ausgangssignale an die Aus-
gabemechanismen anzulegen, und dadurch
gekennzeichnet, dass
ein Satz von Schaltern (22) am Griffabschnitt
(12, 42, 52, 62) angeordnet ist, wobei einer oder
mehrere der Schalter (22) dazu ausgelegt sind,
einer Bedienperson zu ermöglichen, auszuwäh-
len, welche der Ausgabemechanismen aktiviert
werden.

2. Instrument nach Anspruch 1, das ferner eine Welle
(14, 44, 54, 64) umfasst, die den Griffabschnitt (12,
42, 52, 62) mit dem distalen Abschnitt (16) verbindet.

3. Instrument nach Anspruch 2, das ferner eine Dreh-
vorrichtung (76) umfasst, die am Griffabschnitt (12,
42, 52, 62) montiert ist, wobei die Drehvorrichtung
(76) dazu ausgelegt ist, den Sensor (20, 96) um eine
Achse zu drehen, die durch die Welle (14, 44, 54,
64) gebildet ist.

4. Instrument nach Anspruch 1, wobei einer oder meh-
rere der Schalter dazu ausgelegt sind, der Bedien-
person zu ermöglichen, Ausgabeparameter der ak-
tivierten Ausgabemechanismen einzustellen.

5. Instrument nach Anspruch 4, das ferner einen Pe-
gelmesser (46) umfasst, der am Griffabschnitt (42)
montiert ist, wobei der Pegelmesser (46) dazu aus-
gelegt ist, anzugeben, wie die Parameter der akti-
vierten Ausgabemechanismen eingestellt sind.

6. Instrument nach Anspruch 1, wobei einer der Aus-
gabemechanismen eine visuelle Vorrichtung (102)
ist, wobei die visuelle Vorrichtung (102) einen Flüs-
sigkristallanzeige- (LCD) Bildschirm (56) umfasst.

7. Instrument nach Anspruch 1, wobei einer der Aus-
gabemechanismen eine Vorrichtung umfasst, die
dazu ausgelegt ist, sowohl visuelle als auch hapti-
sche Ausgaben bereitzustellen.

8. Instrument nach Anspruch 1, wobei das Instrument
ein chirurgisches Instrument (10, 40, 50, 60) ist und
das Objekt ein Patient ist.

9. Instrument nach Anspruch 8, wobei das chirurgische
Instrument (10, 40, 50, 60) ein laparoskopisches In-
strument ist.

10. Instrument nach Anspruch 8, wobei der Sensor (20,
96) ferner dazu ausgelegt ist, mehrere Sensorsigna-

le zu erhalten, wobei ein erster Satz von Sensorsi-
gnalen visuelle Sensorsignale umfasst und ein zwei-
ter Satz von Sensorsignalen haptische Sensorsigna-
le umfasst.

11. Instrument nach Anspruch 8, wobei die Verarbei-
tungsvorrichtung (24, 98) ferner dazu ausgelegt ist,
die Ausgangssignale in mindestens einem visuellen
Modus, einem haptischen Modus und einem akusti-
schen Modus bereitzustellen.

12. Instrument nach Anspruch 11, wobei das Ausgabe-
system mindestens eine visuelle Anzeigevorrich-
tung (30, 46, 56, 66, 102), mindestens einen hapti-
schen Aktuator (26, 100) und mindestens eine Au-
diovorrichtung (28, 104) umfasst.

Revendications

1. Outil (10, 40, 50, 60), comprenant :

une partie (12, 42, 52, 62) de poignée et une
partie distale (16) ;
un capteur (20, 96), monté sur la partie distale
(16), le capteur (20, 96) étant configuré pour pro-
duire des signaux de capteurs, représentant une
ou plusieurs caractéristiques d’un sujet, situé
près ou à côté de la partie distale (16) de l’outil ;
un dispositif (24, 96) de traitement, configuré
pour traiter les signaux de capteurs, pour pro-
duire un ou plusieurs signaux de sortie ;
un système de sortie, monté sur la partie (12,
42, 52, 62) de poignée
et
le système de sortie comporte une pluralité de
mécanismes de sortie, sélectionnés dans le
groupe se composant d’un dispositif haptique
(26, 100), d’un dispositif visuel (102) et d’un dis-
positif audio (28, 104), dans lequel le dispositif
(24, 98) de traitement est configuré, en outre,
pour appliquer les un ou plusieurs signaux de
sortie aux mécanismes de sortie,
caractérisé en ce
qu’un ensemble de commutateurs (22) est dis-
posé sur la partie (12, 42, 52, 62) de poignée,
dans lequel un ou plusieurs des commutateurs
(22) sont configurés pour permettre à un opéra-
teur de sélectionner quels mécanismes de sortie
sont activés.

2. Outil selon la revendication 1, comprenant, en outre,
un arbre (14, 44, 54, 64), connectant la partie (12,
42, 52, 62) de poignée à la partie distale (16).

3. Outil selon la revendication 2, comprenant, en outre,
un dispositif rotatif (76), monté sur la partie (12, 42,
52, 62) de poignée, le dispositif rotatif (76) étant con-
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figuré pour faire tourner le capteur (20, 96) autour
d’un axe, formé par l’arbre (14, 44, 54, 64).

4. Outil selon la revendication 1, dans lequel un ou plu-
sieurs des commutateurs est configuré pour permet-
tre à l’opérateur de régler des paramètres de sortie
des mécanismes de sortie activés.

5. Outil selon la revendication 4, comprenant, en outre,
un indicateur (46) de niveau, monté sur la partie (42)
de poignée, l’indicateur (46) de niveau étant confi-
guré pour indiquer comment sont réglés les paramè-
tres des mécanismes de sortie activés.

6. Outil selon la revendication 1, dans lequel l’un des
mécanismes de sortie est un dispositif visuel (102),
le dispositif visuel (102) comprenant un écran (56)
d’affichage à cristaux liquides (LCD).

7. Outil selon la revendication 1, dans lequel l’un des
mécanismes de sortie comporte un dispositif, confi-
guré pour fournir des sorties visuelles et haptiques.

8. Outil selon la revendication 1, dans lequel l’outil est
un outil chirurgical (10, 40, 50, 60) et le sujet est un
patient.

9. Outil selon la revendication 8, dans lequel l’outil chi-
rurgical (10, 40, 50, 60) est un outil laparoscopique.

10. Outil selon la revendication 8, dans lequel le capteur
(20, 96) est configuré, en outre, pour obtenir des
signaux sensoriels multiples, un premier ensemble
de signaux sensoriels comprenant des signaux sen-
soriels visuels et un second ensemble de signaux
sensoriels comprenant des signaux sensoriels hap-
tiques.

11. Outil selon la revendication 8, dans lequel le dispo-
sitif (24, 98) de traitement est configuré, en outre,
pour fournir les signaux de sortie dans au moins un
mode visuel, un mode haptique et un mode auditif.

12. Outil selon la revendication 11, dans lequel le sys-
tème de sortie comporte au moins un dispositif (30,
46, 56, 66, 102) d’affichage visuel, au moins un ac-
tionneur haptique (26, 100) et au moins un dispositif
audio (28, 104).
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