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APPARATUS, SYSTEM AND METHOD FOR IMAGING AND TREATMENT
USING OPTICAL POSITION SENSING

This disclosure relates to medical devices, and more particularly to
medical devices employing fiber optic technology for shape, position, and orientation
tracking of imaging and treatment transducer devices.

In ultrasound applications, spatial tracking of transducers has been
performed with mechanical sweeping (e.g., an intravenous ultrasound (IVUS) pull-
back device), image-based registration of data from 2D or 3D probes, infra-red (IR)
camera-based stereo-vision, or electromagnetic (EM) sensing. Mechanical devices
for constraining transducer motion are cumbersome to use (and can potentially impact
image quality since the path defined by the mechanical motion may not coincide with
optimal acoustic views). In addition, mechanical devices have limited accuracy that
depends on tightly controlled mechanical pullback.

Image-based registration is computationally-intensive and time-
consuming, and lowers a possible number of imaging frame rates. Furthermore,
image-based registration is limited to tracking relative motions between volumes and
cannot provide absolute position estimates of the transducer path (especially when
transducer motion occurs over a non-linear surface). IR camera based localization is
sensitive to line-of-sight occlusions, limiting its utility, especially for clinical settings
in which a clear line of sight between the tracked transducer and the IR cameras
cannot be ensured. EM localization exhibits limited spatial accuracy and precision,
with a sensitivity to changes in the spatiotemporal characteristics of the local EM
environment. These limitations in tracking performance, in turn, impact the
capabilities of the ultrasound imaging device in terms of providing high image
quality, anatomical accuracy, large fields-of-view, or high temporal frame rates. All
of these tracking technologies measure the location of the rigid transducer as a single
entity, whereas a tracking technology that allows for sensing of the dynamic shape of
the transducer elements would permit flexible transducer configurations with
enhanced image acquisition and reconstruction when element tracking data are used

in combination with transducer signals in the image formation process.
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It would be advantageous to provide systems and methods where
positioning and placement of medical devices is reliably performed and where the
position sensing can occur in a spatially distributed fashion to allow for flexible
imaging arrays that are not possible in conventional probes today.

In accordance with the present principles, an apparatus, system and
method for determining a position, orientation or shape includes a transducer device
configured to receive signals from a console and generate images based upon
reflected waves. A flexible cable is coupled to the transducer device to provide
excitation energy to the transducer device from the console. An optical fiber has a
shape and position corresponding to a shape and position of the cable during
operation. A plurality of sensors is in optical communication with the optical fiber.
The sensors are configured to measure deflections and bending in the optical fiber
such that the deflections and bending in the optical fiber are employed to determine
positional information about the transducer device.

Optical position and orientation sensing of a transducer and tether
cabling overcomes the limitations of conventional tracking methods, permitting
improved imaging capabilities such as real-time extended field-of-view imaging, live
spatial compounding via multi-angle imaging, simultancous multi-transducer
imaging, and enhanced image resolution and quality improvement via shape-
enhanced ultrasound beam-forming and reconstruction. Furthermore, optical shape
sensing incorporated into the body of a flexible/reconfigurable transducer array will
allow for real-time knowledge of transducer geometry that can be used to improve
image acquisition and reconstruction while allowing for dynamic adaptation of
geometry to suit the clinical application (transducer arrays will not longer be
constrained to rigid geometric configurations and allow for non-conventional flexible
geometries, e.g., multiple transducer elements distributed over a length of optically-
tracked catheter to form a spatially extended deformable transducer array).

An apparatus for determining a position, orientation, and/or shape,
includes a transducer device configured to receive signals from a console and
generate images based upon reflected or transmitted energy. A flexible cable is
coupled to the transducer device to provide excitation energy to the transducer device
from the console. At least one optical fiber has a shape and position corresponding to

a shape and position of the cable during operation. A plurality of sensors are
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provided in optical communication with the at least one optical fiber, the sensors
being configured to measure deflections and bending in the optical fiber such that the
deflections and bending in the optical fiber are employed to determine at least one of
a shape and positional information about the transducer device.

Another apparatus for determining a position, orientation, and/or
shape, includes a medical instrument, a transducer device configured to receive
signals from a console and generate images based upon reflected or transmitted
energy and a flexible cable coupled to the transducer device to provide excitation
energy to the transducer device from the console. At least one optical fiber has a
shape and position corresponding to a shape and position of the medical device during
a procedure. At least one other position sensing device is provided for sensing the
shape and position of the medical device relative to the at least one optical fiber. A
plurality of sensors is in optical communication with the at least one optical fiber, the
sensors being configured to measure deflections and bending in the optical fiber such
that the deflections and bending in the optical fiber and the at least one other position
sensing device are employed to determine at least one of a shape and positional
information about the medical device during a procedure.

A system for tracking a portion of an imaging or therapy device
includes spatially distributed Fiber Bragg Gratings (FBGs) integrated on an optical
fiber and disposed within a flexible cable. An ultrasonic transducer is coupled to an
ultrasonic console through the flexible cable. An optical system is configured to
deliver light to the FBGs and receive light from the FBGs such that deflections of the
optical fiber in the flexible cable are measured. A computer system includes a shape
determination program configured to compute parameters related to the deflections of
the optical fiber and determine a configuration of the flexible cable such that the
configuration of the flexible cable provides a position of the ultrasonic transducer.

A method for tracking of a position of an imaging device includes
providing a transducer device configured to receive signals from a console and
generate images based upon reflected waves, a flexible cable coupled to the
transducer device to provide excitation energy to the transducer device from the
console, and at least one optical fiber having a shape and position corresponding to a
shape and position of the cable during operation, and a plurality of sensors in optical

communication with the at least one optical fiber. The transducer device is positioned
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and deflections and bending are measured in the at least one optical fiber which
corresponds to the shape and position of the cable such that the deflections and
bending in the optical fiber are employed to determine shape and positional
information about the transducer device.

These and other objects, features and advantages of the present
disclosure will become apparent from the following detailed description of illustrative
embodiments thereof, which is to be read in connection with the accompanying
drawings.

This disclosure will present in detail the following description of
preferred embodiments with reference to the following figures wherein:

FIG. 1 shows an optical fiber including a Fiber Bragg Grating (FBG), a
plot of index of refraction versus distance and spectral response due to the FBG;

FIG. 2 shows a fiber triplet deflected in three-dimensional space;

FIG. 3 is a diagram showing a system for determining a position of an
ultrasonic probe in accordance with one illustrative embodiment;

FIG. 4 is a diagram showing an ultrasonic device and a cross-sectional
view of a cable having an optical sensor assembly in accordance with one
embodiment;

FIG. 5 is a diagram showing an ultrasonic device having a plurality of
transducer elements coupled to a single optical sensor assembly in accordance with
another embodiment;

FIG. 6 is a diagram showing an ultrasonic device connected with a
form fitting sheath so that a cable for the ultrasonic device and an optical fiber sensor
assembly coincide in accordance with another embodiment;

FIG. 7 is a diagram showing an ultrasonic device having a plurality of
transducer elements each coupled to their own optical sensor assembly in accordance
with another embodiment;

FIG. 8 is a diagram showing an ultrasonic device, a medical device and
at least one optical sensor assembly employed for guidance of the medical device in
accordance with another embodiment;

FIG. 9 is a diagram showing optical sensors formed into an array to
detect an applied pressure of a transducer element in accordance with another

embodiment; and
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FIG. 10 is a block/flow diagram showing a method for determining a
position of an ultrasonic device in accordance with the present principles.

The present disclosure describes systems and methods for position
sensing of transducers, transducer elements, or multiple array assemblies. In a
particularly useful embodiment, an intravascular ultrasonic transducer is located using
fiber optic sensors. The optical sensors may include Fiber Bragg Gratings (FBGs). In
one embodiment, an FBG-functionalized ultrasound imaging system employs shape
sensing capabilities to allow for new imaging capabilities (e.g., real-time extended
field-of-view imaging, spatial compounding via multi-angle imaging, simultancous
multi-transducer imaging, flexible transducer arrays / patches, and enhanced image
resolution / quality improvement via shape-enhanced ultrasound beam-forming /
reconstruction, etc.).

Optical shape sensing using a multitude of FBG gratings and optical
nterrogation permits high spatiotemporal resolution tracking of transducer(s) and
corresponding cabling/catheter shapes (cabling for transthoracic or body ultrasound,
transesophageal echo, or catheter for intracardiac echo to name a few). By
comparison, conventional tracking approaches based on electro-magnetism (EM), for
example, do not currently exhibit the tracking accuracy or robustness to
environmental conditions that is possible with fiber optic shape sensing of position
and orientation.

It should be understood that the present invention will be described in
terms of medical instruments; however, the teachings of the present invention are
much broader and are applicable to any instruments employed in tracking or
analyzing complex biological or mechanical systems. In particular, the present
principles are applicable to internal ultrasonic procedures of biological systems,
procedures in all areas of the body such as the lungs, gastro-intestinal tract, others
organs, blood vessels, etc. The teachings are not necessarily limited to ultrasonic
sensing, but can also be applied in the development and use of flexible sensor arrays
of any other modality, e.g., X-ray detector arrays, scintillator arrays, MR coils, optical
sensor arrays (e.g., tracked distribution of optical fiberscopes), etc. The elements
depicted in the FIGS. may be implemented in various combinations of hardware and
software and provide functions which may be combined in a single element or

multiple elements.
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The functions of the various elements shown in the FIGS. can be
provided through the use of dedicated hardware as well as hardware capable of
executing software in association with appropriate software. When provided by a
processor, the functions can be provided by a single dedicated processor, by a single
shared processor, or by a plurality of individual processors, some of which can be
shared. Moreover, explicit use of the term “processor” or “controller” should not be
construed to refer exclusively to hardware capable of executing software, and can
implicitly include, without limitation, digital signal processor (“DSP”) hardware,
read-only memory (“ROM”) for storing software, random access memory (“RAM”),
and non-volatile storage.

Moreover, all statements herein reciting principles, aspects, and
embodiments of the invention, as well as specific examples thereof, are intended to
encompass both structural and functional equivalents thereof. Additionally, it is
mtended that such equivalents include both currently known equivalents as well as
equivalents developed in the future (i.e., any elements developed that perform the
same function, regardless of structure). Thus, for example, it will be appreciated
by those skilled in the art that the block diagrams presented herein represent
conceptual views of illustrative system components and/or circuitry embodying the
principles of the invention. Similarly, it will be appreciated that any flow charts, flow
diagrams, state transition diagrams, pseudocode, and the like represent various
processes which may be substantially represented in computer readable storage media
and so executed by a computer or processor, whether or not such computer or
processor is explicitly shown.

Furthermore, embodiments of the present invention can take the form
of a computer program product accessible from a computer-usable or computer-
readable medium providing program code for use by or in connection with a computer
or any instruction execution system. For the purposes of this description, a computer-
usable or computer readable medium can be any apparatus that may include, store,
communicate, propagate, or transport the program for use by or in connection with the
mstruction execution system, apparatus, or device. The medium can be an electronic,
magnetic, optical, electromagnetic, infrared, or semiconductor system (or apparatus or
device) or a propagation medium. Examples of a computer-readable medium include

a semiconductor or solid state memory, magnetic tape, a removable computer
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diskette, a random access memory (RAM), a read-only memory (ROM), a rigid
magnetic disk and an optical disk. Current examples of optical disks include compact
disk — read only memory (CD-ROM), compact disk — read/write (CD-R/W) and
DVD.

In accordance with useful embodiments, tracking sensors for ultrasonic
transducers may employ a plurality of different technologies. In accordance with the
present principles, optical fiber technologies are described. Optical fiber based
sensing of strain can be performed using optical sensors. In one case, the sensors may
include FBGs. By integrating strain measurements over a length, a local shape of a
length of optical fiber can be determined. Optical measurements of geometry are
attractive for at least the following reasons. Measurements are immune to
electromagnetic interference and require no electromagnetic emissions. The sensors
are passive and therefore intrinsically safe. The ability for multiplexing sensors in an
array exists. The possibility of multi-parameter sensing (strain, temperature, pressure,
etc.) exists. Distributed sensing is possible, and the sensors have high sensitivity
(down to nanostrains when interferometry is used in optical interrogation). In
addition, fibers are small and light weight, and are ideal for minimally invasive
applications. The fibers are insensitive to variation in signal amplitude (when fiber
Bragg sensors are employed with wavelength detection).

For many medical applications, in particular for those requiring
minimally-invasive navigation and instrumentation, fiber optic sensing with fiber
Bragg gratings offers high-accuracy and high-precision localization at high
spatiotemporal resolution along the length of the fiber. Given the light-weight,
elongated form factor of optical fiber and its compact cross-sectional footprint, fiber
technology provides improvements to ultrasound applications needing transducers
tethered to a console via a cable, endoscopic housing, or catheter (ICE). Embedding
the fiber Bragg gratings within the body of the cable/endoscope/catheter housing
permits fine spatiotemporal tracking of one or more transducer elements/arrays within
the elongated medical instrument.

Referring now to the drawings in which like numerals represent the
same or similar elements and initially to FIG. 1, a Fiber Bragg grating (FBG) 10 is
illustratively depicted. In a particularly useful embodiment, the FBG 10 includes a
short segment of an optical fiber 12 that reflects particular wavelengths of light and
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transmits all others. This is achieved by adding a periodic variation 14 of the
refractive index in a fiber core 16, which generates a wavelength-specific dielectric
mirror. A plot 20 of core refractive index versus distance is illustratively shown.

A fiber Bragg grating 10 can therefore be used as an inline optical
filter to block certain wavelengths, or as a wavelength-specific reflector. An input
spectrum 22 and respective output spectrums 24 and 26 illustratively show a
transmitted portion (spectrum 24) and a reflected portion (spectrum 26) of the input
spectrum 22. The fundamental principle behind the operation of a fiber Bragg grating
10 is Fresnel reflection at each of the interfaces where the refractive index changes.
For some wavelengths, the reflected light of the various periods is in phase so that
constructive interference exists for reflection and consequently, destructive
mterference exists for transmission.

The Bragg wavelength is sensitive to strain as well as to temperature.
This means that Bragg gratings can be used as sensing elements in fiber optical
sensors. In a FBG sensor, the strain causes a shift in the Bragg wavelength, Akg. The

relative shift in the Bragg wavelength, Aiz / Az, due to an applied strain (g) and a

change in temperature (A7) is approximately given by: (?B =C.e+CAT
‘B

The coefficient C; is called the coefficient of strain and its magnitude
is usually around 0.8 x 10 /ug or in absolute quantities about 1 pm/pg). The
coefficient Cy describes the temperature sensitivity of the sensor; it is made up of the
thermal expansion coefficient and the thermo-optic effect. Its value is around 7x10°
S/K (or as an absolute quantity 13 pm/K). While FBGs are particularly suited for use
in accordance with the present principles, other sensors may also be employed.

Referring to FIG. 2, a fiber triplet 30 includes three fibers 34 and three
FBGs 32. One advantage of employing the triplet 30 or a multiple fiber/FBG element
is that various sensor elements can be distributed over the length of a fiber. For
example, incorporating three cores with various sensors (gauges) along the length of
the fiber embedded in a structure, the three dimensional form of such a structure can
be precisely determined. Along a length of a fiber 34 at various positions, FBG
sensors 32 are located. From the strain measurement of each FBG 32, the curvature
of the structure 30 can be inferred at that position in three dimensional space (x, y, z).

From the multitude of measured positions, the total three dimensional form is

8
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determined.

The fibers 34 are preferably potted in a flexible material, such as
medical grade polymers (e.g., PEEK™). Fiber cores 35 are shown in an inset cross-
sectional view. A sheath 36 surrounding the fibers may be constructed from medical
grade polymers, silicone, or other suitable materials.

Referring to FIG. 3, an imaging or treatment system 100 is
illustratively depicted with ultrasound transducers in accordance with one illustrative
embodiment. System 100 includes a medical imaging device 101 with guidance
feedback through shape sensing. The device 101 includes one or more transducer
elements 102. Device 1010 may be employed for treatment procedures in other
embodiments. The transducer elements 102 may include piezoelectric transducer
elements that generate ultrasonic energy in response to electric impulses. It should be
understood that other forms of mechanical and electromagnetic energy may be
employed and that the transducer elements may include other structures. The
transducer elements 102 may be connected to a cart/console 104 via a cable 108. The
cable 108 may include an endoscope housing or other medical device, a catheter or
other flexible member. Cable 108 includes at least one optical shape sensing fiber
110 embedded therein for real-time high accuracy spatial localization of the
transducer elements 102 and associated cabling (108).

The transducer elements 102 are housed in a flexible assembly 120.
The cart/console 104 includes an ultrasound console 112 which is configured to
supply the energy to drive the transducer elements 102 which generate ultrasonic
waves. The shape sensing fiber or fiber bundles 110 extend along at least a portion of
the cable 108 and interconnect to the console 104 to allow for accurate, real-time
assessment of transducer element geometries and dynamics.

The console 104 includes an optical console 116 that delivers light to
optical sensors 122 (e.g., FBGs) of the fiber bundles and receives light from them.
An optical source at the console 116 (or other location, if desired) is provided for
shape sensing fiber illumination. An optical interrogation unit receiver (such as a
transceiver 117) is provided in console 116 to read out multiplexed signals returning
from FBGs 122 in all fibers 110.

Console 116 may be connected to computer system 130 which includes

memory storage 128 and an operating system 124 with a corresponding shape
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determination program 132 which calculates parameters related to the deflection of
the optical fibers 110. Computer system 130 may include console 116 or be an
independent system. The optical transreceiver 117 transmits and receives optical
signals to/from the fibers 110. The light signals are interpreted to determine a shape
of the fiber and thereby determine a position or orientation of the transducer element
102 in a body. Data from sensors 122 is transmitted through the optical fibers 110
and may be correlated with a 3D volume or map or a reference position (e.g., the cart
104) to determine position information on the transducer elements 102 or of the cable
108.

The computer 130 includes a processor 131 that implements real-time
FBG sensing methods 132 for sensing fiber deflection and deriving the corresponding
shapes of the fiber bundles, and computes spatial geometry of the one or more
transducer elements 102 forming an extended transducer array. The computer 130
computes spatially-localized 3D ultrasound datasets based on the computed spatial
geometry of the one or more transducer elements 102. An input/output (I/O) device
or interface 152 provides for real-time interaction with the computer 130, the device
101 and a visual display 138 of spatially-localized ultrasound imaging, and an
orientation, shape and/or position of the cable 108 may be displayed. Computer
system 130 may include the user interface 152 for interacting with the console 116,
console 112, and the device 101. The interface 152 may include a keyboard, a mouse,
a touch screen system, etc.

A data connection 154 connects the ultrasound console 112, optical
nterrogation unit 117 and console 116 with processor 131 for determination of
transducer geometry/shape. The optical interrogation unit or console 116 provides
real-time spatial localization data to the ultrasound console 112 for dynamic
reconstruction of spatially accurate ultrasound data in 3D for enhancements. The
enhancements may include a real-time extended field-of-view imaging; live spatial
compounding via multi-angle imaging; simultaneous multi-transducer imaging;
augmented image resolution / quality improvement via shape-enhanced ultrasound
beam-forming / reconstruction (e.g. ultrasonic tomographic reconstruction). The
flexible assembly of transducer elements 102 may be conformed to the relevant
patient anatomy (e.g. skin surface, tortuous vascular anatomy, GI tract, etc). The

optical shape fiber 110 allows for accurate determination of one or more transducers
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102 relative to one another and relative to a fixed reference location (e.g., an
ultrasound cart reference) to enhance imaging performance.

Referring to FIG. 4, device 101 is shown in accordance one illustrative
embodiment. In this embodiment, device 101 includes a single transducer element
102. Transducer element 102 is coupled to a cable 108, which may include a
catheter, an endoscope, etc. Cable 108 includes at least one strain/shape sensing
assembly therein. Detail 202 shows a cross-sectional view of the cable 108.
Strain/shape sensing assembly 204 includes fibers 110 with sensors (e.g., FBGs) 122
which permit optical sensing of strain and shape. In the illustrative embodiment of
FIG. 4, sensing assembly 204 includes a fiber triplet to better track the shape, rotation
and position of the fiber Bragg gratings. Device 101 includes sensing assembly 204
along with ultrasound transducer elements 102. In this way, based on the positional
information provided by the sensing assembly 204, the positions and orientations of
the transducer elements 102 can be determined relative to a reference and tracked
throughout a procedure. Recorded images may now include shape / positional
information along with the ultrasonic images in real-time or for later retrieval.

The transducer elements 102 may be included in an elongated
ultrasound probe, e.g., in a hand-held, endoscopic, or catheter assembly connected to
the ultrasound cart (104, FIG. 3) which includes the optical source and interrogation
unit (117, FIG. 3). Sensing assembly 204 is embedded along the length of the
housing/cabling 108 to allow for localization of the device 101, followed by
visualization of the spatially-tracked and reconstructed ultrasound data in 3D.

Referring to FIG. 5, an ultrasound probe 210 includes a plurality of
transducer elements 102 arranged in an extended geometry. The geometry may
include a one-dimensional distribution of elements 102 along a length of a catheter
(e.g., an Intracardiac Echocardiography (ICE) catheter), a probe (e.g., a
transesophageal echocardiography (TEE) probe), etc. or may include a multiple
dimensioned flexible patch probe that conforms to patient anatomy, (e.g., a flexible
carotid probe that wraps around the patients neck) or another other configuration.
Another geometry may include the combination of existing imaging probes, such as
TEE with ICE or ICE with transthoracic echocardiogram (TTE), etc. and all other
permutations. Optical shape fiber assembly 204 interconnects the transducers 102 in

this assembly to permit high-accuracy tracking of relative transducer motion. With
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this information, body surfaces and other information may be collected along with
ultrasonic imaging data. This configuration permits for optimization of multi-
transducer acquisition and reconstruction by exploiting simultaneous firing / receiving
of array elements in combination with 3D location information.

Referring to FIG. 6, the embodiments described herein may be
employed or connected to a form fitting sheath 240 that elastically or through other
means of secure attachment is connected to an ultrasound transducer element(s) 102.
The transducer element 102 is fixed with respect to the sheath 240. The sheath 240
may include a cuff, glove, etc. to attach to a users or patients body. The sheath 240 is
tied to an ultrasonic cable 241 and connects with an ultrasonic console to be powered.
A sensing assembly 204 is coupled to the cable 241 using connectors 243, or
alternately the sheath 240 can be extended and cable 241 and assembly 204 may be
placed inside the sheath 240 so that they are coincident and remain such during
operations or procedures. In this way, the movement of the transducer element 102 is
determined with the position of cable 241 using the sensor assembly 204. A light
source (not shown) at a reference position is employed to illuminate the optical sensor
assembly 204 to determine strains in the optical fiber to provide the shape and
position of the cable 241 and therefore the transducer element 102. One advantage of
this embodiment is that it permits retro-fitting of existing transducers or probes.

Referring to FIG. 7, a High Intensity Focused Ultrasound (HIFU)
transducer 250 may be employed whose independent elements 252 are tracked
separately by multiple fibers 254 (e.g., sensor assemblies 204). The fibers 254 include
FBGs to determine shape and position and described above. This embodiment
permits identification of position (and shape) for each of the plurality of elements
252, and allows for flexible geometries where the transducer elements 252 can be
positioned so that they are not obscured by bone (as in the ribs) or air filled paths
(such as lungs or bowels). The ability to monitor their position with accuracies on the
order of less than 500 microns allows for uncertainties in phase of about 1/3 of a
cycle. With accuracies of less than 250 microns, phasing can be obtained that is
adequate for additive HIFU phases resulting in the ability to heat tissue and therefore
provide treatment for a patient. Other treatments may also be provided, e.g.,

ultrasonic treatments, etc.
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Referring to FIG. 8, a device 280, which may include a needle,
catheter, etc. includes a shape sensing assembly 204 with fibers 110 and sensors 122
(FIGs. 3, 4). The device 280 is imaged with ultrasound. In this embodiment, the
relative positions of the device 280 and the fiber (204) are measured with two optical
fibers (assemblies 204), or combinations of optical fibers and EM sensors 282. The
device’s position is determined and the relative angle between the device 282 and an
ultrasound transducer 284 is calculated. If the device 280 is off-perpendicular, it is
expected that the majority of the ultrasound signal 285 will reflect away from the
transducer 284. However, a component of the signal will reflect towards the
transducer 284. By sensing the relative orientation of the entire length of the device
and the transducer, one can employ beam forming techniques where only channels
that are expected to be perpendicular are included in the beam summing process. In
addition, by knowing the relative position of the device 280, beam forming can be
only applied to a portion of the image allowing for optimized “hard reflector” imaging
and “soft scatterer” imaging within a same image formation.

Referring to FIG. 9, a patch 300 includes an optical fiber oriented in a
circular or other closed or partially closed formation. The patch 300 is placed on a
patient with an acoustic window 302 in the center. The deformation of skin from
applied pressure of a transducer 306 along with the knowledge of the relative position
of the patch 300 and the transducer 306 (with respect to a console 104 or 112, FIG. 3)
would allow not only for spatial registration but for recreatable pressure (actually
strain) to be applied to the patient. Pressure (or the pushing of the ultrasound
transducer(s) 306) is often needed to obtain an optimal acoustic path and to provide
good acoustic coupling to the patient. This embodiment could help coach less
experienced operators, provide for the ability to regain an acoustic view for patients in
monitoring situations; and be used in closed feedback loops such as robotics where
the controller will need to know how much pressure to apply to the patient with the
transducer. It should be understood that other configurations and embodiments are
contemplated within the scope of the present claims. The present embodiments are
applicable to all ultrasound imaging techniques for interventional applications using

tethering to an ultrasound cart.
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Referring to FIG. 10, a method for tracking of a position of an imaging
device, such as an ultrasonic transducer is shown. In block 402, a device is provided.
The device includes a transducer device configured to receive signals from a console
and generate images based upon reflected waves. A flexible cable is coupled to the
transducer device to provide excitation energy to the transducer device from the
console, and at least one optical fiber has a shape, orientation and position
corresponding to a shape, orientation and position of the cable during operation. A
plurality of sensors are also provided in optical communication with the at least one
optical fiber. In block 404, the transducer device is positioned. In block 406,
deflections and bending in the at least one optical fiber correspond to the shape,
orientation and position of the cable. The deflections and bending experienced by the
cable are experienced by the optical fiber as well. The deflections and bending in the
optical fiber are employed to determine positional information about the transducer
device. The sensors preferably include a plurality of Fiber Bragg Gratings
distributed over a length of the optical fiber and the deflections and bending are
measured using the Fiber Bragg Gratings.

In alternate embodiments, different fiber and transducer configurations
may be employed to measure different parameters. In one embodiment, the at least
one optical fiber includes a plurality of sensors formed in a closed or partially closed
formation and the method includes placing the transducer device among the plurality
of sensors to measure position changes due to a pressure applied to the transducer
device in block 408. In block 410, the positional (and/or the pressure) information
may be stored. The positional and pressure information may be stored along with
ultrasonic images or images from other technologies.

In interpreting the appended claims, it should be understood that:

a) the word "comprising” does not exclude the presence of other
elements or acts than those listed in a given claim;

b) the word "a" or "an" preceding an element does not exclude the
presence of a plurality of such elements;

c) any reference signs in the claims do not limit their scope;

d) several "means" may be represented by the same item or

hardware or software implemented structure or function; and
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10

e) no specific sequence of acts is intended to be required unless
specifically indicated.

Having described preferred embodiments for an apparatus, system and
method for imaging and treatment using optical position sensing (which are intended
to be illustrative and not limiting), it is noted that modifications and variations can be
made by persons skilled in the art in light of the above teachings. It is therefore to be
understood that changes may be made in the particular embodiments of the disclosure
disclosed which are within the scope of the embodiments disclosed herein as outlined
by the appended claims. Having thus described the details and particularity required
by the patent laws, what is claimed and desired protected by Letters Patent is set forth

in the appended claims.
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CLAIMS:

1. An apparatus for determining a position, orientation, and/or shape,
comprising:

a transducer device (102) configured to receive signals from a console (104)
and generate images based upon reflected or transmitted energy;

a flexible cable (108) coupled to the transducer device to provide excitation
energy to the transducer device from the console;

at least one optical fiber (110) having a shape and position corresponding to a
shape and position of the cable during operation; and

a plurality of sensors (122) in optical communication with the at least one
optical fiber, the sensors being configured to measure deflections and bending in the optical
fiber such that the deflections and bending in the optical fiber are employed to determine at

least one of a shape and positional information about the transducer device.

2. The apparatus as recited in claim 1, wherein the plurality of sensors (122)
includes Fiber Bragg Gratings distributed over a length of the at least one fiber to measure

strain.

3. The apparatus as recited in claim 1, wherein the at least one fiber includes

a fiber triplet (34).

4. The apparatus as recited in claim 1, wherein the transducer device (210)
ncludes a plurality of transducer elements (102) coupled to a same optical fiber (204) having
sensors to determine the shape and position of the fiber and therefore determine a dynamic

geometry of the transducer elements in relation to one another.

5. The apparatus as recited in claim 1, wherein the at least one optical fiber
(110) includes a plurality of sensors (122) formed in a closed or partially closed formation
(300) and the transducer device is placed among the plurality of sensors to measure position

changes due to a pressure applied to the transducer device.
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6. The apparatus as recited in claim 1, wherein the transducer device (102)
includes a plurality of transducer elements (252), each transducer element being coupled to a

corresponding a optical fiber having sensors to determine the shape and position of the fiber.

7. The apparatus as recited in claim 1, further comprising a sheath (240), the
transducer device (102) being attached to the sheath and wherein the cable and the at least
one optical fiber are coupled to each other along their length such that the shape and position
of the cable corresponds to the shape and position of the at least one optical fiber during

operation.

8. The apparatus as recited in claim 1, wherein the transducer device (102)
includes a plurality of transducer elements (252) coupled to one or more optical fibers having
sensors to determine the shape and position of the fiber, the transducer elements being

configured to provide treatment to a patient.

9. An apparatus for determining a position, orientation, and/or shape,
comprising:

a medical instrument (280);

a transducer device (284) configured to receive signals from a console (104)
and generate images based upon reflected or transmitted energy;

a flexible cable (241) coupled to the transducer device to provide excitation
energy to the transducer device from the console;

at least one optical fiber (110) having a shape and position corresponding to a
shape and position of the medical device during a procedure;

at least one other position sensing device (282) for sensing the shape and
position of the medical device relative to the at least one optical fiber; and

a plurality of sensors (122) in optical communication with the at least one
optical fiber, the sensors being configured to measure deflections and bending in the optical
fiber such that the deflections and bending in the optical fiber and the at least one other
position sensing device are employed to determine at least one of a shape and positional

information about the medical device during a procedure.
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10. The apparatus as recited in claim 9, wherein the plurality of sensors
(122) includes Fiber Bragg Gratings distributed over a length of the at least one fiber to

measure strain.

11. The apparatus as recited in claim 9, wherein the at least one fiber includes

a fiber triplet (34).

12. The apparatus as recited in claim 9, wherein the at least one other position
sensing device (282) includes one of another optical fiber with optical sensors and an

electromagnetic sensor.

13. A system for tracking a portion of an imaging or therapy device,
comprising:

spatially distributed Fiber Bragg Gratings (FBGs) (122) integrated on an
optical fiber (110) and disposed within a flexible cable (108);

an ultrasonic transducer (102) coupled to an ultrasonic console through the
flexible cable;

an optical system (116) configured to deliver light to the FBGs and receive
light from the FBGs such that deflections of the optical fiber in the flexible cable are
measured;

a computer system (130) including:

a shape determination program (132) configured to compute

parameters related to the deflections of the optical fiber and determine a configuration of the
flexible cable such that the configuration of the flexible cable provides a position of the

ultrasonic transducer.

14. The system as recited in claim 13, wherein the fiber includes a fiber

triplet (34).
15. The system as recited in claim 13, wherein the ultrasonic transducer (102)

cludes a plurality of transducer elements (210) coupled to a same optical fiber having

sensors to determine the position of the fiber.
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16. The system as recited in claim 13, wherein the at least one optical fiber
(110) includes a plurality of sensors (122) formed in a closed or partially closed formation
(300) and the transducer device is placed among the plurality of sensors to measure position

changes due to a pressure applied to the transducer device.

17. The system as recited in claim 13, wherein the ultrasonic transducer (102)
includes a plurality of transducer elements (252), each transducer element being coupled to a

corresponding a optical fiber having sensors to determine the position of the fiber.

18. A method for tracking of a position of an imaging device, comprising:

providing (402) a transducer device configured to receive signals from a
console and generate images based upon reflected waves, a flexible cable coupled to the
transducer device to provide excitation energy to the transducer device from the console, and
at least one optical fiber having a shape and position corresponding to a shape and position of
the cable during operation, and a plurality of sensors in optical communication with the at
least one optical fiber;

positioning (404) the transducer device; and

measuring (406) deflections and bending in the at least one optical fiber which
corresponds to the shape and position of the cable such that the deflections and bending in
the optical fiber are employed to determine shape and positional information about the

transducer device.

19. The method as recited in claim 18, wherein the sensors (122) include a
plurality of Fiber Bragg Gratings distributed over a length of the optical fiber and further

comprising measuring deflections and bending using the Fiber Bragg Gratings.
20. The method as recited in claim 18, wherein the transducer device (102)

includes a plurality of transducer elements coupled to a same optical fiber having sensors to

determine the position of the fiber.
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21. The method as recited in claim 18, wherein the at least one optical fiber
includes a plurality of sensors formed in a closed or partially closed formation (300) and the
method includes placing (408) the transducer device among the plurality of sensors to

measure position changes due to a pressure applied to the transducer device.

20



WO 2011/098926 PCT/IB2011/050169

n
0
12 iy (
16 L) D
n3
Core Refractive Index
nt n3
ZOf n2
Spectral Response
Input Transmltted ] Reﬂected N
22 24 26
4
A
36
32
34
‘ Y
X 30
34
35

FIG. 2



WO 2011/098926 PCT/IB2011/050169

2/6
102 101
1
il 100
|j 122
110 408 194 112
( '}
120 Ultrasonic Console
130 131
\. ‘\' Transceiver | onsole
Computer system | processor
. Cart/Console \
1281~L" vemory ( ’
154 116
132——1T Shape program
Display 1~ 138
Operating system
124——TF P 95y

Interface {1~ 152

FIG. 3



WO 2011/098926 PCT/IB2011/050169

3/6

108




WO 2011/098926 PCT/IB2011/050169

102—T1

243 243




WO 2011/098926 PCT/IB2011/050169

5/6

204~ |204

L —282

280—-

241

- 1284

285

FIG. 8

122 204




WO 2011/098926 PCT/IB2011/050169

6/6

Provide transducer 4192

cable with optical
fiber and optical

SENsors

Position the
transducer

'

Measure deflections
and bending of the
optical fiber using the

optical sensors

1404

| —406

Measure a -//_408

pressure applied
by the
transducer

'

Store positional/
pressure information

1410

FIG. 10



INTERNATIONAL SEARCH REPORT

International application No

PCT/IB2011/050169

A. CLASSIFICATION OF SUBJECT MATTER

INV. A61B5/06 A61B8/12
ADD.

A6IN7/02

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

A61B AG61N

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

EPO-Internal

Electronic data base consulted during the international search (name of data base and, where practical, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ | Citation of document, with indication, where appropriate, of the relevant passages

abstract

paragraph [0032]
paragraph [0104]
paragraph [0173]
paragraph [0259]

14 May 2009 (2009-05-14)
abstract

figures 1-4,26A-B

paragraph [0036]
paragraph [0147]
paragraph [0190]
paragraph [0291]
figures 1,2,4,8,10,13,15,46-48

Y US 2009/123111 A1 (UDD ERIC [US]) 1-4,7-15
paragraph [0075] - paragraph [0085]
paragraph [0151] - paragraph [0177]

_/__

Y US 2002/183592 Al (SUZUKI NAOKI [JP] ET 1-4,7-15
AL) 5 December 2002 (2002-12-05)

Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not
considered to be of particular relevance

"E" earlier document but published on or after the international
filing date

"L" document which may throw doubts on priority claim(s) or
which is cited to establish the publication date of another
citation or other special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or
other means

"P" document published prior to the international filing date but
later than the priority date claimed

"T" later document published after the international filing date
or priority date and not in conflict with the application but
cited to understand the principle or theory underlying the
invention

"X" document of particular relevance; the claimed invention
cannot be considered novel or cannot be considered to
involve an inventive step when the document is taken alone

"Y" document of particular relevance; the claimed invention
cannot be considered to involve an inventive step when the
document is combined with one or more other such docu-
merr:ts, such combination being obvious to a person skilled
inthe art.

"&" document member of the same patent family

Date of the actual completion of the international search

6 May 2011

Date of mailing of the international search report

17/05/2011

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Artikis, T

Form PCT/ISA/210 (second sheet) (April 2005)

page 1 of 2

Relevant to claim No.




INTERNATIONAL SEARCH REPORT

International application No

PCT/IB2011/050169

C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

26 August 2004 (2004-08-26)
abstract

paragraph [0009] - paragraph [0011]
paragraph [0028] - paragraph [0033]
figures 1,2,4,6,7

Category™ | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

Y WO 2009/023801 Al (HANSEN MEDICAL INC 1,2,4,
[US]; RAMAMURTHY BHASKAR S [US]; TANNER 7-10,12,
NEAL A [US]) 19 February 2009 (2009-02-19) 13,15
the whole document

A US 6 612 992 Bl (HOSSACK JOHN A [US] ET 1,9,13
AL) 2 September 2003 (2003-09-02)
abstract
column 2, Tine 36 - column 7, line 35
claims 1,3; figures 1-2

A US 20047165810 Al (FUJITA HIROSHI [JP]) 1,9,13

Form PCT/ISA/210 (continuation of second sheet) (April 2005)

page 2 of 2




International application No.
INTERNATIONAL SEARCH REPORT PCT/1B2011/050163
Box No.ll Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. Claims Nos.: 18-21

because they relate to subject matter not required to be searched by this Authority, namely:

see FURTHER INFORMATION sheet PCT/ISA/210

2. I:' Claims Nos.:
because they relate to parts of the international application that do not comply with the prescribed requirements to such
an extent that no meaningful international search can be carried out, specifically:

3. |:| Claims Nos.:
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. lll Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

-

As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. I:' As all searchable claims could be searched without effort justifying an additional fees, this Authority did not invite payment of
additional fees.

3. As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. |:| No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest The additional search fees were accompanied by the applicant's protest and, where applicable, the
payment of a protest fee.

The additional search fees were accompanied by the applicant's protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

I:' No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (April 2005)




International Application No. PCT/ 1B2011/ 050169

FURTHER INFORMATION CONTINUED FROM PCT/ISA/ 210

Continuation of Box II.1

Claims Nos.: 18-21

Rule 39.1(iv) PCT - Method for treatment of the human or animal body by
surgery due to the step of positioning the transducer device, which
amounts to the surgical insertion of said device into the human or animal
body for an internal procedure (see page 5, last paragraph of the
description of the present application).




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/1B2011/050169
Patent document Publication Patent family Publication
cited in search report date member(s) date
US 2002183592 Al 05-12-2002  NONE
US 2009123111 Al 14-05-2009  EP 2210066 A2 28-07-2010
WO 2009064629 A2 22-05-2009
WO 2009023801 Al 19-02-2009  EP 2187830 Al 26-05-2010
US 2009137952 Al 28-05-2009
US 6612992 Bl 02-09-2003  NONE
US 2004165810 Al 26-08-2004 JP 2004251779 A 09-09-2004

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - claims
	Page 19 - claims
	Page 20 - claims
	Page 21 - claims
	Page 22 - claims
	Page 23 - drawings
	Page 24 - drawings
	Page 25 - drawings
	Page 26 - drawings
	Page 27 - drawings
	Page 28 - drawings
	Page 29 - wo-search-report
	Page 30 - wo-search-report
	Page 31 - wo-search-report
	Page 32 - wo-search-report
	Page 33 - wo-search-report

