EP 2 355 709 B1

(19)

(12)

(45)

(21)

(22)

Patent Office

Europdisches
Patentamt
0’ European

Office européen
des brevets (11) EP 2 355 709 B1
EUROPEAN PATENT SPECIFICATION
Date of publication and mention (51) IntCl.:
of the grant of the patent: A61B 17/29 (2006.01) A61B 5/0215 (2006.01)
10.10.2018 Bulletin 2018/41 A61B 17/00 (29597 A61B 90/00 297597
A61B 8/08 (2006.01) A61B 5/00 (2006.01)
Application number: 09765212.7 A61B 17/34 (200697
Date of filing: 07.12.2009 (86) International application number:
PCT/US2009/066908

(87) International publication number:
WO 2010/068572 (17.06.2010 Gazette 2010/24)

(54)

SPATIAL ARRAY OF SENSORS MOUNTED ON A TOOL
RAUMLICHE ANORDNUNG VON AUF EINEM WERKZEUG MONTIERTEN SENSOREN
RESEAU SPATIAL DE DETECTEURS MONTES SUR UN OUTIL

(84)

(30)

(43)

(73)

(72)

Designated Contracting States: * ULLRICH, Christopher J.
ATBEBG CHCY CZDE DKEE ES FIFRGB GR Santa Cruz
HRHUIEISITLILTLULV MC MK MT NL NO PL CA 96060 (US)

PT RO SE SI SK SM TR
(74) Representative: Hofstetter, Schurack & Partner

Priority: 12.12.2008 US 333600 Patent- und Rechtsanwaltskanzlei
PartG mbB
Date of publication of application: Balanstrasse 57
17.08.2011 Bulletin 2011/33 81541 Miinchen (DE)
Proprietor: Inmersion Corporation (56) References cited:
San Jose, CA 95134 (US) WO-A1-01/39668 WO-A1-2005/094672
WO-A1-2008/082992 WO-A2-02/07617
Inventors: DE-A1- 4 332 580 DE-C1- 19 527 957
GRANT, Danny, A. US-A- 5619 180 US-A- 5989 199
Laval US-A1-2002 143 275 US-A1-2007 049 973

Quebec H7M 2A1 (CA)
CRUZ-HERNANDEZ, Juan Manuel
Montreal

Quebec H3Z 1T1 (CA)

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)



1 EP 2 355 709 B1 2

Description
TECHNICAL FIELD

[0001] The embodiments of the present disclosure
generally relate to hand tools and more particularly relate
to mounting an array of sensors on an end of a hand tool.

BACKGROUND

[0002] Asopposed 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, a surgeon
can introduce a miniature camera through an incision.
The cameratransmits 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. Surgical hand tools for per-
forming minimally invasive tissue examination, compris-
ing the features of the preamble of claim 1 are disclosed
in DE 43 32580 A1. DE 195 27 957 C1 discloses a lapar-
oscopic surgical tool with an optoelectronic tactile pres-
sure sensor. Other documents WO 02/07617 A2, US 5
989 199 A, and US 2002/143275 A1 disclose tools with
a handle, an end portion, an array of sensors mounted
to the end portion to sense a property of an object and a
processing device configured to process the data sensed
by the array of sensors and configured to communicate
the information to the handle.

[0004] WO2005/094672 A2 discloses a system for
non-invasively and continuously monitoring blood pres-
sure comprising a transducer array and associated cir-
cuitry for processing signals from the array for measuring
and/or tracking the blood pressure waveform. Complex
measurements can be executed, such as spatially and/or
timely distributed measurements to determine character-
istics of blood flow in a blood vessel.

SUMMARY

[0005] The invention is disclosed in claim 1 with pre-
ferred embodiments of the invention disclosed in the de-
pendent claims. The present disclosure describes a
number of embodiments in which an array of sensors is
positioned on an end of a tool. Specifically, in the em-
bodiment according to the present invention, a tool is
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defined as having a handle configured to be manipulated
by a user. The tool includes an end portion arranged in
mechanical communication with the handle. An array of
sensors is mounted on the end portion and is configured
to sense a property of an object. The tool also comprises
a processing device configured to process the properties
of the object sensed by the array of sensors and to obtain
spatial information of the object. The processing device
is further configured to communicate the spatial informa-
tion to the handle.

[0006] The toolis a laparoscopic tool and the object is
a patient. The processing device is configured to obtain
spatiotemporal information of the patient and communi-
cate the spatiotemporal information to the handle; where-
in the spatiotemporal information comprises information
abouta direction of a fluid flowing through a luminal struc-
ture of the patient, wherein the fluid flowing through the
luminal structure is blood flowing through a blood vessel.
The tool comprising an output device for presenting the
spatiotemporal information about the direction of blood
flow through the blood vessel of the patient to the user.
[0007] 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.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] 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.

FIG. 1 is a diagram of a surgical hand tool having a
sensor array, according to one embodiment.

FIG. 2 is a diagram of the sensor array shown in FIG.
1, according to one embodiment.

FIG. 3 is a block diagram of a system for communi-
cating sensed properties to a user, according to a
first embodiment.

FIG. 4 is a block diagram of a system for communi-
cating sensed properties to a user, according to a
second embodiment.

FIG. 5 is a flow diagram illustrating an exemplary
method for operating an array of sensors on a tool,
which does not form part of the present invention.

DETAILED DESCRIPTION

[0009] Although minimally invasive surgical proce-
dures involving smallincisions 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
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internal organs and see how the movement and opera-
tion of the tools affects the organs. Also, the surgeon is
usually unable to palpate or receive tactile feedback with
respect to the stiffness and/or pulsation of organs. To
overcome the inherent limitation regarding touch, it can
be beneficial to re-introduce the surgeon to the concept
of palpation by providing tactile or haptic feedback in
some manner in order to communicate better the sensa-
tion and feel of the patient’s organs to the surgeon.
[0010] The present disclosure describes examples
that include any type of tools that can be manipulated by
a user. According to the embodiments of the invention,
the tools described in the present disclosure include a
handle portion that mechanically controls an end portion
of the tool. Mounted on the end portion is an array of
sensors for sensing a property of an object that interacts
with the tool. Using the information from the multiple sen-
sors, additional properties of the object can be deter-
mined. For instance, the spatial relationship of the differ-
entsensors can be used to determine spatial information.
Likewise, both spatial and temporal relationships of the
sensed properties at the different sensors over time can
also be used to determine specific information about the
object.

[0011] Although the embodiments of the present dis-
closure relate to surgical hand tools, such as minimally
invasive surgical tools, it should be understood that the
present disclosure also encompasses other exemplary
types of tools as well, which are not part of the claimed
invention. In addition, although the embodiments herein
relate to a surgical patients and how the organs and tis-
sues of the patient interact with the surgical tools, it
should also be understood that the present disclosure
also includes other objects, which are normally intended
to interact with the respective tools, which are not part of
the claimed invention. 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.

[0012] FIG. 1 illustrates an embodiment of a surgical
tool 10. In this diagram, surgical tool 10 is shown as a
hand-held 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 an end portion 16. Shaft 14 is
designed to connect handle 12 to end portion 16 and to
communicate mechanical actions of handle 12 to end
portion 16. Shaft 14 is further designed to communicate
electrical signals from end portion 16 back to handle 12
as explained in more detail below. According to the em-
bodiment of FIG. 1, end portion 16 includes a tip 18 and
a sensor array 20 formed on tip 18. As shown, tip 18 is
a grasper. However, it should be understood that end
portion 16 may include any suitable type of tip having
any suitable functionality. Also, in other alternative em-
bodiments, sensor array 20 may be connected a portion
of end portion 16 other than tip 18. According to some
examples of the embodiment of FIG. 1, shaft may be
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about 20 cm to 30 cm in length and tip 18 may be about
10 mm to 15 mm in length.

[0013] By manipulating handle 12, a user can insert
end portion 16 into the abdomen of the patient and control
tip 18 of end portion 16. When end portion 16 is inserted,
the surgeon can further manipulate handle 12 to control
the location and orientation of tip 18 such that sensor
array 20 is able to contact certain regions of the patient.
Sensorarray 20 can measure or testany desired property
or parameter of the patient, such as, for example, pulse.
In some embodiments in which sensor array 20 does not
necessarily need to contact a particular region, tip 18 can
be controlled to position sensor array 20 to accomplish
certain contactless sensing.

[0014] FIG. 2 is a diagram illustrating an embodiment
of sensor array 20 shown in FIG. 1. Sensor array 20 in-
cludes a number of sensors 22 connected to a substrate
24, which is configured to hold sensors 22 in a pattern
having a predetermined pitch between sensors 22. As
shown in this diagram, sensor array 20 includes seven
rows and two columns of sensors 22 from the perspective
of handle 12 (FIG. 1). It should be understood, however,
that sensor array 20 can be arranged to include any
number of rows and columns. In some embodiments,
sensors 22 may be arranged in a pattern that does not
particularly resemble a rectangular array. For example,
sensors 22 can be positioned is a staggered pattern, cir-
cular pattern, etc.

[0015] Although sensors 22 are illustrated as being
square, sensors 22 may include any suitable shape, e.g.,
rectangular, circular, elliptical, etc. According to the em-
bodiment of FIG. 2 in which sensors 22 are square, sen-
sors 22 may have widths and lengths of about 2 mm and
may be separated by a distance of about 0.5 mm. Insome
embodiments, the size of sensors 22 may be smaller to
allow a greater number of sensors to be positioned in
sensor array 20. The size and number of sensors 22 may
depend, for example, on the ability to miniaturize the par-
ticular type of sensor while keeping the integrity and use-
fulness of the sensor. If miniaturization techniques are
used, the array of sensors 22 may include dozens of rows
and columns of sensors 22. Sensors 22 may also be of
any size and shape on substrate 24.

[0016] Sensors22can be configured to sense any suit-
able property of the object under test. For instance, sen-
sors 22 can be configured as pressure sensors using
resistive or capacitive pressure sensing technologies. Al-
ternatively, sensors 22 can include strain gauges, piezo-
electric sensors, stiffness sensors, etc. As strain gauges,
sensors 22 can provide additional information about con-
tact force to finely tune a generally course measurement
of force. As piezoelectric sensors, sensors 22 can gen-
erate ultrasound signals that reflect off portions of the
object. In this case, echo signals can be detected by sen-
sors 22 to determine the location of objects. The ultra-
sound emission and echo measurement technique may
be particularly useful for sensing the location of luminal
structures and for tumor tissue identification. Sensors 22
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can also be configured as stiffness sensors that can de-
tect nodules, e.g., tumors, or other stiff regions. By
processing the number of sensors 22 contacting the stiff
region, a calculation can be made regarding the size of
the nodules. In this respect, the number of sensors 22
that sense relative stiffness can be used to determine
the size of the nodule and thereby increase or decrease
an output signal provided to the user to communicate the
size.

[0017] By using multiple sensors 22, greater accuracy
can be assured of a property being measured than if only
a single sensor were used. This also can increase the
confidence when adjacent sensors 22 provide the same
or similar outputs. Also, sensor array 20 can provide in-
formation indicative of the size of a particular feature,
e.g., nodule, of the patient.

[0018] Substrate 24 may include any suitable structure
for supporting sensors 22 on tip 18 (FIG. 1). Depending
on the size, shape, and rigidity of tip 18, substrate 24
may be rigid or flexible to conform to tip 18. Also, sub-
strate 24 may be planar or curved depending on the struc-
ture of tip 18. In the embodiment of FIG. 1 in which tip is
a metal grasper with a curved bottom jaw, substrate 24
may be curved to conform to the curved shape of the
bottom jaw. Also, since the jaw is substantially rigid, sub-
strate 24 does not necessarily need to be rigid to provide
needed support for sensors 22 and therefore can be flex-
ible.

[0019] FIG. 3is a block diagram illustrating an embod-
iment of a system 30 for communicating spatial informa-
tionaboutan object to a user. In thisembodiment, system
30 includes a sensor array 32, processing device 34, and
output devices 36. In some embodiments, system 30
contains sensor array 32, processing device 34, and out-
put devices 36 on a hand-held tool or device. Particularly,
sensor array 32 may be positioned on a portion of a tool,
e.g., a tool used for probing an object. Sensor array 32
is configured to include any type of sensing mechanisms
to sense any suitable characteristic of the object. The
sensed information from each sensor is communicated
to processing device 34, which is configured to process
the information according to specific algorithms. Depend-
ing on the type of sensing mechanisms of sensor array
32 and the type of properties being measured, the algo-
rithms of processing device 34 can determine various
characteristics of the object. Processing device 34 may
then communicate the processed information to output
device 36, which is designed to present the information
to the user in any suitable manner.

[0020] Sensor array 32 may represent any suitable
sensor array positioned on an end of a tool for detecting
one or more specific properties of an object. For instance,
sensor array 32 may be the same as or similar to sensor
array 20 described with respect to FIGS. 1 and 2. Par-
ticularly, sensor array 32 includes a plurality of sensors,
each capable of measuring properties of an object at pre-
defined locations with respect to the other sensors.
Based on spatiality of sensors of sensor array 32,
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processing device 34 can determine or infer spatial in-
formation about the object. Processing device 34 may
include different types of algorithms for extracting the par-
ticular information needed to calculate the spatial infor-
mation.

[0021] According to one example, a surgeon may use
a tool having sensor array 32 positioned on the tool for
measuring pulse. When pulse information is detected
along a row of sensors in the array but no pulse informa-
tion is detected on the other sensors, then processing
device 34 may be configured to deduce that a blood ves-
sel is positioned or oriented in that particular direction
including that row of sensors where the pulse is detected.
On the other hand, if pulse information is detected along
a column or across a diagonal, then the position or ori-
entation of a blood vessel can be inferred accordingly.
[0022] Furthermore, in addition to spatial inferences,
processing device 34 can also use any changes of the
sensed information over time to extract temporal infor-
mation. Particularly, the signals can be detected in real
time to allow the processing of time-related signals. For
example, processing device 34 may be able to detect
peaks in the signals to determine when the signal is at
its highest or lowest point. Also, processing device 34
can detect phase differences, etc. In embodiments ac-
cording to the claimed invention, processing device 34
is configured to use the spatial and temporal information
to detect not only the orientation of blood vessels, but
also the direction in which the blood flows through the
vessels. For example, pulse information can be detected
at one instance of time and detected again along the path
of the vessel at a later instance.

[0023] It has also been observed that when a blood
vessel is pulsating, the sensors against which the blood
vessel is in contact can sense the pulse. In addition, the
sensors adjacent to those sensors that are in contact with
the vessel can experience a loss of contact with tissue
due to the lifting action of the pulsing vessel on the con-
tacted sensors. In this case, the adjacent sensors may
produce a signal that is 180 degrees out of phase with
the pulse detecting sensors. Processing device 34 can
be configured to detect this phenomenon to determine
the location of blood vessels and for detecting pulse in-
formation.

[0024] Processing device 34 may be a general-pur-
pose or specific-purpose processor or microcontroller for
processing the signals detected by sensor array 32. In
some embodiments, processing device 34 may include
a plurality of processors for performing different functions
with respect to system 30. In some embodiments,
processing device 34 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 in-
ternally fixed storage units, removable storage units,
and/or remotely accessible storage units, and the various
storage units may include any combination of volatile
memory and nonvolatile memory. Logical instructions,
commands, and/or code can be implemented in software,
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firmware, or both, and stored in memory. In this respect,
the logic code may be implemented as one or more com-
puter programs that can be executed by processing de-
vice 34.

[0025] In other embodiments, logical instructions,
commands, and/or code can be implemented in hard-
ware and incorporated in processing device 34 using dis-
crete logic circuitry, an application specific integrated cir-
cuit ("ASIC"), a programmable gate array ("PGA"), afield
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 34 and soft-
ware/firmware stored in the memory.

[0026] Output devices 36 may include one or more
mechanisms for communicating to a user information
sensed by sensor array 32 and processed by processing
device 34. Output devices 36 may include any suitable
combination of display screens, speakers, tactile actua-
tors, haptic effect devices, or other notification devices.
Thus, output devices 36 may include any number of feed-
back mechanisms in any number of modes for providing
any type of visual, audible, and/or tactile output to the
user. Inthe embodiments regarding surgical tools, output
devices 36 may be used to provide feedback to the sur-
geon so that the surgeon can reposition the tool as nec-
essary to align, orient, or position the tool to allow the
sensing of a more reliable signal, to reduce pressure on
particular organs, etc.

[0027] In some embodiments, output devices 36 can
include haptic actuators, which is able to generate a vi-
bration on handle 12. The haptic actuators, for example,
can include one or more force applying mechanisms that
are configured to apply a vibrotactile force to a user of
surgical tool 10 or other device. The haptic actuators may
include electromagnetic actuators, eccentric rotating
mass ("ERM") actuators in which an eccentric mass is
moved by a motor, linear resonant actuator ("LRA") in
which a mass attached to a spring is driven back and
forth, a "smart material" such as piezoelectric, electro-
active polymers or shape memory alloys, or other suita-
ble type of actuating device.

[0028] FIG. 4 illustrates a system block diagram for a
computer-assisted hand tool in which palpation algo-
rithms can be deployed in an exemplary embodiment.
The computer-assisted hand tool includes a plurality of
sensors 40, which could include accelerometers for de-
tecting and measuring the acceleration of a tool, and a
pressure sensor array for detecting pulses during move-
ment of the tip of the tool on the tissue being palpated.
Processor 42 receives signals from sensors 40 and proc-
esses the received signals based on instructions stored
in memory 44, which may include, among other things,
palpation algorithms 46.

[0029] Based on a "state" of a tool determined during
execution of palpation algorithms 46, processor 42 can
cause an actuator 48 of the tool to play a haptic effect. It
should be noted that the term "haptic effect” can refer to
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a tactile effect, tactile feedback, haptic feedback, force
feedback, vibrotactile feedback, haptic cues, thermal
feedback, kinesthetic feedback, etc. Generally, haptic ef-
fect can include the representation of any physical prop-
erties (e.g., stiffness, viscosity, etc.). The haptic effect
played is characterized by one or more of the magnitude,
frequency, and duration of the effect. The haptic effect
can be dynamic based on a changing level of stiffness
or deformation of the tissue being examined.

[0030] In some embodiments, processor 42 can be a
laptop or personal computer that is electrically coupled
to the tool. The laptop or personal computer can have a
graphical user interface (GUI) 50 that enables the user
to select optional processing steps for the palpation al-
gorithms. Memory 44 can be any type of storage device
or computer readable medium capable of storing the in-
structions for palpation algorithms 46. Memory 44 can
include random access memory, read-only memory, etc.
In some embodiments, processor 42 can be an applica-
tion specific integrated circuit (ASIC) thatis a component
of the tool. In other embodiments, the instructions for
palpation algorithms 46 can be embedded in processor
42.

[0031] In some embodiments, sensor array 40 can in-
clude a 2X7 array of pressure transducers. Each pres-
sure transducer can be in contact with the tissue being
palpated, therefore, each transducer is processed for
pulses received. Each transducer can detect zero or
more pulses in a predetermined time window. Actuator
48 can generate a vibration on the handle of the tool.
More specifically, the actuator 48 can include a force ap-
plying mechanism that applies a vibrotactile force to the
tool based on a level of stiffness or deformation of the
tissue being examined. One parameter of the actuator
that can be used in some embodiments is the peak volt-
age applied during the playing of haptic effects.

[0032] FIG. 5 is a flow diagram of an example of a
method of operating a tool having a sensor array, which
does not form part of the invention. As indicated in block
52, a user is allowed to manipulate a tool according to a
normal use of the tool. For example, the user may ma-
nipulate a handle, buttons, or other feature on the tool to
control a functional portion of the tool. The controlled por-
tion may be a portion that is positioned on an opposite
end 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.
[0033] Asindicated in block 54, a parameter of the ob-
ject is sensed at multiple locations. Particularly, the mul-
tiple locations may represent the positioning of a number
of sensors mounted on or relative to the tool, such as
sensors that may be positioned on or near the controlled
portion of the tool. In some embodiments, the sensing
locations may form a predefined pattern, such as a rec-
tangular array having rows and columns. In other em-
bodiments, the sensing locations may include any other
suitable pattern.
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[0034] According to block 56 of the method of FIG. 4,
the sensed properties are processed to obtain spatial
information about the object being tested. Based on the
properties sensed at the multiple locations and based on
a predetermined knowledge of the location and orienta-
tion of the sensors, spatial information can be obtained.
In some embodiments in which the object being tested
is a surgical patient, the sensed properties may be related
to the blood of the patient. For example, if pulse informa-
tion is detected at some sensor locations, the sensed
information can be processed to determine the location
and orientation of blood vessels of the patient.

[0035] Furthermore, the spatial information can also
be obtained by processing the information at regular time
intervals, allowing both spatial and temporal information
to be obtained. Again referring to the blood of a patient,
the spatiotemporal information can be used to determine
not only the location and orientation of the blood vessels,
but also the direction in which the blood flows through
the blood vessels. In this respect, a signal may be strong
atone sensor location at one time and, after ashort delay,
the signal may be strong at another sensor location,
thereby indicating the flow direction. The processing as-
sociated with block 46 is able to decode the sensed in-
formation from the multiple locations at multiple times to
compute the spatial and/or spatiotemporal information.
[0036] As indicated in block 58, an output is provided
to the user to indicate the spatial information. As sug-
gested above, when spatiotemporal information is also
calculated, this information can also be outputto the user.
The output may be presented in any suitable form. For
example, the output may be a haptic or tactile effect im-
posed on the user. In some embodiments, the output
may be haptic, audible, and/or visual. Any suitable com-
bination of output mechanisms or actuators can be used
to present the output. With respect to some embodi-
ments, haptic actuators can be arranged in an array or
other pattern resembling the array or pattern of the sen-
sors. In this case, the sensed signals can be mapped to
provide a haptic effect to represent the spatial information
sensed by the sensors.

[0037] Itshould be understood that the routines, steps,
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. Atool (10, 30) comprising:
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a handle (12) configured to be manipulated by
a user;

anend portion (16) arranged in mechanical com-
munication with the handle (12);

an array of sensors (20, 32, 40) mounted on the
end portion (16), the array of sensors (20, 32,
40) configured to sense a property of an object;
a processing device (34, 42) configured to proc-
ess the property of the object sensed by the ar-
ray of sensors (20, 32, 40) and to obtain infor-
mation of the object, the processing device (34,
42) further configured to communicate the infor-
mation to the handle (12);

wherein the tool (10, 30) is a surgical tool and
the object is a patient, and wherein the tool (10,
30) is a laparoscopic tool, characterized in that
the processing device (34, 42) is further config-
ured to obtain spatiotemporal information of the
patient and communicate the spatiotemporal in-
formation to the handle (12); and

wherein the spatiotemporal information com-
prises information about a direction of a fluid
flowing through aluminal structure ofthe patient,
wherein the fluid flowing through the luminal
structure is blood flowing through a blood vessel,
the tool (10, 30) comprising an output device
(36) for presenting the spatiotemporal informa-
tion about the direction of blood flow through the
blood vessel of the patient to the user.

The tool of claim 1, wherein the information compris-
es at least a pulse.

The tool of claim 1, wherein the end portion (16) com-
prises a rigid substrate (24) on which the array of
sensors (20, 32, 40) is mounted or wherein the end
portion (16) comprises a flexible substrate (24) on
which the array of sensors (20, 32, 40) is mounted.

The tool of claim 1, wherein the array of sensors (20,
32, 40) comprises at least two rows of sensors (22)
and at least two columns of sensors (22) arranged
in a substantially rectangular pattern.

The tool of claim 1, wherein at least one sensor (22)
of the array of sensors (20, 32, 40) is configured to
sense pressure or is configured to sense stiffness of
the object or is a piezoelectric sensor.

The tool of claim 5, wherein the at least one piezo-
electric sensor is configured to emanate ultrasound
radiation and measure echo information.

The tool of claim 1, further comprising a haptic ac-
tuator (48) configured to impose a haptic effect on
the user, the haptic effect being related to the infor-
mation obtained by the processing device (34, 42).
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The tool of claim 7, wherein the haptic actuator is
configured to impose vibrotactile feedback to the us-
er.

The tool of claim 1, wherein the tool (10, 30) is a
hand-held tool and the processing device (34, 42)
resides in the hand-held tool.

Patentanspriiche

Werkzeug (10, 30) mit:

einem Griff (12), der ausgelegt ist, von einem
Benutzer manipuliert zu werden;

ein Endbereich (16), der in mechanischer Kom-
munikation mit dem Griff (12) angeordnet ist;
eine am Endbereich (16) angebrachte Senso-
ranordnung (20, 32, 40), wobei die Sensoran-
ordnung (20, 32, 40) ausgelegt ist, eine Eigen-
schaft eines Objekts zu erfassen;

ein Verarbeitungsgeréat (34, 42), das ausgelegt
ist, die von der Sensoranordnung (20, 32, 40)
erfasste Eigenschaft zu verarbeiten und Infor-
mation des Objekts zu erhalten, wobei das Ver-
arbeitungsgerat (34, 42) des Weiteren ausge-
legtist, die Information an den Giriff (12) zu kom-
munizieren;

wobei das Werkzeug (10, 30) ein chirurgisches
Werkzeug ist und das Objekt ein Patient ist,
und wobei das Werkzeug (10, 30) ein laparos-
kopisches Werkzeug ist, dadurch gekenn-
zeichnet, dass

das Verarbeitungsgerat (34, 42) des Weiteren
dazu ausgelegt ist, raum-zeitliche Information
des Patienten zu erhalten und die raum-zeitliche
Information an den Giriff (12) zu kommunizieren;
und

wobei die raum-zeitliche Information Informati-
on Uber eine Richtung einer eine Lumenstruktur
des Patienten durchstromenden Fllssigkeit um-
fasst, wobei die die Lumenstruktur durchstro-
mende Flussigkeit durch ein Blutgefal flieen-
des Blut ist,

wobei das Werkzeug (10, 30) eine Ausgabevor-
richtung (36) zur Darstellung der raumzeitlichen
Information Uber die Richtung des Blutflusses
durch das BlutgefaR des Patienten fir den Be-
nutzer umfasst.

Werkzeug nach Anspruch 1, wobei die Information
mindestens einen Puls umfasst.

Werkzeug nach Anspruch 1, wobei der Endbereich
(16) ein unelastisches Substrat (24) umfasst, auf
welchem die Sensoranordnung (20, 32, 40) ange-
bracht ist, oder wobei der Endbereich (16) ein elas-
tisches Substrat (24) umfasst, auf welchem die Sen-
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soranordnung (20, 32, 40) angebracht ist.

4. Werkzeug nach Anspruch 1, wobei die Sensoran-
ordnung (20, 32, 40) mindestens zwei Reihen an
Sensoren (22) und mindestens zwei Spalten an Sen-
soren (22) umfasst, welche in einem im Wesentli-
chen rechteckigen Muster angeordnet sind.

5. Werkzeug nach Anspruch 1, wobei der mindestens
eine Sensor (22) der Sensoranordnung (20, 32, 40)
ausgelegt ist, Druck zu erfassen, oder ausgelegt ist,
eine Steifigkeit des Objekts zu erfassen, oder ein
piezoelektrischer Sensor ist.

6. Werkzeug nach Anspruch 5, wobei der mindestens
eine piezoelekirische Sensor ausgelegt ist, Ultra-
schallstrahlung auszustrahlen und Echoinformation
Zu messen.

7. Werkzeug nach Anspruch 1, welches des Weiteren
einen haptischen Aktuator (48) umfasst, welcher
ausgelegt ist, eine haptische Wirkung auf den Be-
nutzer auszuliben, wobei die haptische Wirkung mit
der Information in Zusammenhang steht, welche das
Verarbeitungsgerat (34, 42) erhalten hat.

8. Werkzeug nach Anspruch 7, wobei der haptische
Aktuator ausgelegt ist, dem Benutzer vibrotaktiles
Feedback zu geben.

9. Werkzeug nach Anspruch 1, wobei das Werkzeug
(10, 30) ein Handwerkzeug ist und das Verarbei-
tungsgerat (34, 42) sich in dem Handwerkzeug be-
findet.

Revendications
1. Outil (10, 30) comprenant :

une poignée (12) configurée pour étre manipu-
Iée par un utilisateur ;

une partie d’extrémité (16) agencée en commu-
nication mécanique avec la poignée (12) ;

un réseau de détecteurs (20, 32, 40) monté sur
la partie d’extrémité (16), le réseau de détec-
teurs (20, 32, 40) étant configuré pour détecter
une propriété d’un objet ;

un dispositif de traitement (34, 42) configuré
pour traiter la propriété de I'objet détecté par le
réseau de détecteurs (20, 32, 40) et pour obtenir
des informations de I'objet, le dispositif de trai-
tement (34, 42) étant en outre configuré pour
communiquer les informations a la poignée
(12);

I'outil (10, 30) étant un outil chirurgical et I'objet
étant un patient,

et l'outil (10, 30) étant un outil laparoscopique,
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caractérisé en ce que le dispositif de traitement
(34, 42) est en outre configuré pour obtenir des
informations spatio-temporelles du patient et
communiquer les informations spatiotemporel-
les a la poignée (12) ; et

les informations spatio-temporelles comprenant
des informations concernant une direction d’'un
fluide s’écoulant atravers une structure luminale
du patient, le fluide s’écoulant a travers la struc-
ture luminale étant du sang s’écoulant a travers
un vaisseau sanguin,

I'outil (10, 30) comprenant un dispositif de sortie
(36) pour présenter les informations spatio-tem-
porelles concernant la direction du flux sanguin
a travers le vaisseau sanguin du patient a l'uti-
lisateur.

Outil selon la revendication 1, les informations com-
prenant au moins une impulsion.

Outil selon la revendication 1, la partie d’extrémité
(16) comprenant un substrat rigide (24) sur lequel le
réseau de détecteurs (20, 32, 40) est monté ou la
partie d’extrémité (16) comprenant un substrat sou-
ple (24) sur lequel est monté le réseau de détecteurs
(20, 32, 40).

Outil selon la revendication 1, le réseau de détec-
teurs (20, 32, 40) comprenant au moins deux ran-
gées de détecteurs (22) et au moins deux colonnes
de détecteurs (22) agencées selon un motif sensi-
blement rectangulaire.

Outil selon larevendication 1, au moins un détecteur
(22) du réseau de détecteurs (20, 32, 40) étant con-
figuré pour détecter une pression ou étant configuré
pour détecter la rigidité de I'objet ou étant un détec-
teur piézoélectrique.

Outil selon la revendication 5, le ou les détecteurs
piézoélectriques étant configurés pour émettre un
rayonnement ultrasonore et mesurer des informa-
tions d’écho.

Outil selon la revendication 1, comprenant en outre
un actionneur haptique (48) configuré pour imposer
un effet haptique a I'utilisateur, I'effet haptique étant
lié aux informations obtenues par le dispositif de trai-
tement (34, 42).

Outil selon la revendication 7, I'actionneur haptique
étant configuré pour imposer une rétroaction vibro-
tactile a I'utilisateur.

Outil selon la revendication 1, l'outil (10, 30) étant
un outil manuel et le dispositif de traitement (34, 42)
résidant dans I'outil manuel.
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