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SYSTEM, METHOD AND COMPUTER-ACCESSIBLE MEDIUM FOR TRACKING
VESSEL MOTION DURING THREE-DIMENSIONAL CORONARY ARTERY
MICROSCOPY

CROSS-REFERENCE TO RELATED APPLICATION(S)
[0001]

This application is based upon and claims the benefit of priority from U.S Patent

Application Serial No. 61/051,231, filed on May 7, 2008, the entire disclosure of which is
incorporated herein by reference.

FIELD OF THE DISCLOSURE
[0002]

The present disclosure relates to exemplary embodiments of systems, methods and

computer-accessible medium for monitoring of relative spatial locations or motions between
an instrument and a sample, and more particularly to exemplary embodiments of systems,

methods and computer-accessible medium for tracking vessel motion during, e.g., a threedimensional coronary artery microscopy procedure.

BACKGROUND INFORMATION
[0003]

In certain applications, it can be desirable to monitor the relative location or

motion between two objects. For example, in certain applications, it can be beneficial to
precisely direct a well-defined beam or sensing vector along particular directions or at
specific locations with respect to a sample

It can therefore be important to provide

knowledge about the relative location or motion between the beam or sensing vector and the
sample In several laser procedures, for example, it can be desirable to scan a laser beam
across a sample according to a predetermined scan pattern or at specific locations In cases

where the sample may undergo uncontrolled motion, the precision with which the
predetermined scan pattern or specific location can be achieved can be compromised. In
certain sensing or imaging applications, it can be important to control the sensing point or

axis with respect to a sample. In order to generate two- or three-dimensional images, the

sensing point or axis can be scanned with respect to the sample according to a predetermined
pattern. For accurate imaging reproduction of the structure of the sample, it can be important

that the predetermined scan pattern is precisely followed. In the presence of uncontrolled
sample motion, the actual scan pattern on or within the sample can differ from the
predetermined scan pattern and image fidelity can be compromised.
[0004]

One general category of strategies that can be commonly followed for monitoring

the spatial location or motion between two objects is to monitor the location or motion of
each objects with respect to a known or controlled reference point. This type of strategy can
be relevant in cases where one object and the reference point are persistently located with

respect to one another. In medical catheter-based imaging applications, for example, the
signal transducer can be placed at the distal end of a catheter, which can be inserted within an

animal or human body. The transducer can be connected to an actuator at a proximal end of
the catheter using an axially non-extensible, torque-conveying element such that as the

actuator rotates or pushes or pulls the element, the actuator's motion is replicated accurately
at the transducer. When the tissue or organ that is being imaged is not moving, and further,

when the imaging system is not moving, then the constraint that one object and the reference
point can be fixed with respect to one another is met. Therefore, the relative location and/or
motion of the transducer with respect to the organ or tissue can be monitored and controlled.
In some cases, however, the organ or tissue may undergo motion, e.g., due to respiration,

cardiac function, peristalsis or patient motion, and this general category of strategy may not
be applicable. Further, motion within the body, along the length of the catheter, can result in
an uncontrolled motion of a distal end and of the transducer of the catheter with respect to the

tissue of interest.

[0005]

In certain medical procedures, it can be preferable to monitor the location and/or

motion of an instrument with respect to a specific anatomical location or organ.

An

exemplary strategy to accomplish this objective can be to prepare the instrument so that it can
be detected by an imaging modality that also facilitates a detection of the specific anatomical

location or organ. In certain cases, however, the anatomical location or organ may not exhibit
sufficient contrast for detection. For example, by fluoroscopy or X-ray computed
tomography, the soft-tissues of the body can exhibit low relative contrast. For example,
coronary arteries may not, therefore, be located with these techniques without the use of
exogenous contrast agents. Furthermore, certain conventional imaging technologies may not
have a sufficient resolution to precisely determine the relative location or motion of an
instrument with respect to a specific anatomical location or organ.
[0006]

The above-described issues and deficiencies are merely representative of a need

for more precisely monitoring the relative location or motion between two objects. Indeed, it
may be beneficial to address and/or overcome at least some of the deficiencies described
herein above.

SUMMARY OF THE INVENTION
[0007]

In order to overcome at least some of the deficiencies described above, exemplary

embodiments according to the present disclosure can be provided for accurately monitoring
the relative location and/or motion between two objects. In one exemplary embodiment, one

object can be configured to emit an acoustic or electromagnetic radiation, which may be
scattered by the second object. The first object can be further configured to collect at least a
portion of the scattered acoustic or electromagnetic radiation and process this signal to
determine the relative distance and/or relative velocity between the two objects. In another
exemplary embodiment of the present disclosure, the first object can be facilitated to provide

two or more distinct acoustic or electromagnetic radiations, which can be directed along

distinct propagation axes having predetermined angles with respect to one another, and which
can further scatter from the second object. In this embodiment, the first object may be further

configured to collect two or more of the scattered acoustic or electromagnetic radiations and
to process the corresponding signals in order to determine the relative motion of the two

objects in two or more spatial dimensions.
[0008]

According to still another exemplary embodiment of the present disclosure, a

medical catheter can be provided which is configured to deliver at least one beam of light that
may be reflected by a specific anatomical location or biological organ. The exemplary
catheter can be further configured to detect the reflected light and to process this signal to
determine the relative distance and/or relative velocity between the catheter and the
biological site. Exemplary embodiments of methods for processing the signal can be based
on the Doppler frequency shift imparted on the reflected light by the motion of the second

object. By tracking the relative velocity over time, the distance between the two objects may
be monitored. The medical catheter can be further configured to deliver multiple light beams,

having distinct wavelength components and directed through distinct spatial angles with
respect to one another so that the relative velocity vector between the catheter and the
specific anatomical site or biological organ can be determined.
[0009]

Thus, according to certain exemplary embodiments of the present disclosure,

apparatus, method and computer accessible medium can be provided which can facilitate a
determination of at least one characteristic of a structure. For example, it is possible to use at
least one first arrangement which can be structured to provide at least one first transmitted
radiation along a first axis and at least one second transmitted radiation along a second axis.
The first and second transmitted radiations can impact the structure and generate respective
first and second returned radiation.

The first and second axis can be provided at a

predetermined angle with respect with one another which is greater than 0. Further, at least
one second arrangement can be provided which can be configured to receive data associated

with the first and second returned radiations, and determine at least one relative velocity
between the structure and the first arrangement along the first and second axes.
[0010]

In another exemplary embodiment of the present disclosure, the first and second

transmitted radiations can be electro-magnetic radiations and/or ultrasound radiations.
Further, the first and second transmitted radiations can have different wavelengths.

In

addition, the data can correspond to a Doppler shift between the first and second transmitted
radiations and the first and second returned radiations. The data can also correspond to, e.g.,
a time rate of change of a distance between the apparatus and the structure along the first and
second axes.
[0011]

According to still another exemplary embodiment of the present disclosure, the

first arrangement can extend along a longitudinal axis, and a first velocity along the first axis
and a second velocity along the second axis can be used to determine a further relative
velocity between the apparatus and the structure at least approximately along the longitudinal
axis. In addition, a position and/or a rotation of the apparatus can be determined based on the

further relative velocity. Further, at least one third arrangement which can be configured to
generate at least one image of at least one portion of the structure as a function of the relative
velocity.

For example, the third arrangement can generate the image using an optical

frequency domain interferometric procedure, an optical coherence interferometric procedure
and/or an ultrasound procedure. At least a portion of the third arrangement is provided in a
catheter.
[0012]

In yet another exemplary embodiment of the present disclosure, the first

arrangement can include a portion having a section which is structured to reflect at least one
of the first and/or second transmitted radiations and at least partially to allow to pass

therethrough the other one of the first and/or second transmitted radiations based on
respective wavelengths of the first and second transmitted radiations.

For example, the

reflected radiation and the pass through radiation can be provided at the predetermined angle.
Further, the first arrangement can be structured to collimate and/or focus the first transmitted
radiation and/or the second transmitted radiation. In addition, the first and second axes can
impact the structure at positive and negative angles, respectively, with respect to an axis
perpendicular to a surface of the structure.

The second arrangement can be further

configured to distinguish between a relative motion between the structure and the first
arrangement in two dimensions based on the first and second returned radiations.
[0013]

These and other objects, features and advantages of the exemplary embodiment of

the present disclosure will become apparent upon reading the following detailed description
of the exemplary embodiments of the present disclosure, when taken in conjunction with the
appended claims.

BRIEF DESCRIPTION OF THE DRAWING(S)
[0014]

Further objects, features and advantages of the present invention will become

apparent from the following detailed description taken in conjunction with the accompanying
figures showing illustrative embodiments of the present invention, in which:
[0015]

Figure 1 is a side cross-sectional view of a catheter which utilizes a conventional

scanning technique for a three-dimensional imaging;
[0016]

Figure 2 is a side cross-sectional view of a catheter according to an exemplary

embodiment of the present invention for tracking relative distance and/or motion between a
conduit within the catheter and a lumen;
[0017]

Figure 3 is a diagram of an exemplary embodiment of a system/apparatus

according to the present disclosure for processing signals returned from the exemplary
catheter shown in Figure 2;

[0018]

Figure 4 is a pair of graphs illustrating plots of data acquired by the exemplary

system/apparatus shown in Figure 3 for tracking the relative motion between a catheter
conduit and a target (e g., a lumen),
[0019]

Figure 5 is a side cross-sectional view of an exemplary embodiment of certain

components of the exemplary catheter shown in Figure 2, which can be used for monitoring
the relative motion and/or velocity between the catheter conduit and the target, and
[0020]

Figure 6 is a flow diagram of an exemplary embodiment of a method according to

the present disclosure for determining at least one characteristic of a structure
[0021]

Throughout the figures, the same reference numerals and characters, unless

otherwise stated, are used to denote like features, elements, components or portions of the
illustrated embodiments

Moreover, while the subject disclosure will now be described in

detail with reference to the figures, it is done so in connection with the illustrative
embodiments

It is intended that changes and modifications can be made to the described

exemplary embodiments without departing from the true scope and spirit of the subject
disclosure as defined by the appended claims

DETAILED DESCRIPTION OF EXEMPLARY EMBODIMENTS
[0022]

Figure 1 shows a side cross-sectional view of an example of a conventional

catheter using which monitoring of relative spatial locations or motions between two objects
would likely be beneficial

Turning to Figure 1, when delivering light, e.g for imaging or

therapy, through such catheter or an endoscope to the lumen 100 of an internal organ 100, it
is possible to utilize a catheter comprising an external sheath 1 10 and an internal conduit 120

that can be rotated and/or translated within the sheath. When the conduit 120 is configured to
deliver light along a particular axis 130, the exposure of light to a predetermined portion of
the lumen 100 can be achieved by rotating and longitudinally scanning the conduit while also
controlling the irradiance delivered by the conduit. For example, this strategy can be utilized

for imaging the lumen 100. In such cases, it can be important that the resulting helical scan
pattern 140 exposes the entire surface area of the lumen 100.
[0023]

Typically, the sheath may be held fixed with respect to the lumen 100, and the

location and orientation of the conduit can be remotely monitored with respect to the sheath.
In this manner, the scan pattern of the light on the lumen 100 can be controlled. However, in

instances when the relative location or motion of the sheath with respect to the lumen may
not be controlled, the accuracy of the scan pattern can no longer be assured. This can be due
to, for example, from respiration, peristalsis, cardiac function, or other sources of motion.

Although such representative example of delivering light to the lumen of an internal
biological organ can instructive for understanding a context of the exemplary embodiments of
the present disclosure, it by no means represents the only application for which monitoring of
the relative spatial location or motion between two objects would be beneficial.
[0024J

Figure 2 shows a side cross-sectional view of a catheter according to an

exemplary embodiment of the present invention for tracking relative distance and/or motion
between a conduit within the catheter and a lumen.

According to such exemplary

embodiment as illustrated in Figure 2, the exemplary catheter 250 can be provided which can
be suitable for imaging internal biological organs.

Such exemplary catheter 250 can be

structured or configured to include an internal conduit 210, which can be provided within an
external and at least partially transparent sheath 2 1 1. The conduit can be configured or
designed to emit electromagnetic radiation (e.g., light) or ultrasound radiation along two
distinct axes 220 and 230 in such a way that a relative orientation between the two axes 220,
230 can be quantified by a relative angle 240.
[0025]

When reflected or scattered radiation is returned along each of the axes 220, 230,

such returned radiation can be collected by the conduit 210, and conveyed proximally within
the catheter to an attached or coupled receiver and/or a processing arrangement (e.g., which

can include a processor).

Through the measurement of the reflected and/or scattered

radiation, the magnitude of the relative velocity and/or the relative distance between the
conduit 210 and the lumen along the respective axis 220, 230 can be determined. Further,
since the relative angle between the two axes 220, 230 can be known and/or determined,
comparing the velocity magnitude measurements along each axis can further provide the
direction of the relative velocity.
[0026]

In certain exemplary embodiments of the present disclosure, measurements of the

relative distance and or velocity along certain specified axes 220, 230 between the conduit
210 and the lumen may be used to correct for motion arising from, for example, peristalsis,

cardiac function, respiration, or other sources of motion. Such exemplary measurements can
be used, for example, to alter a scan pattern of the conduit 210 with respect to the sheath 2 1 1
so that a uniform, pre-determined scan pattern can result between the conduit and the lumen

100. Certain exemplary methods and/or techniques known in the field of medical imaging
can be used for controlling the scan patterns of conduits within catheters, including, e.g.,
external motors, located at the proximal catheter end and attached to the conduit and sheath,
internal motors located within the sheath for rotating and or translating the conduit with
respect to the sheath, and miniature electromechanical, galvanometric, and/or magnetomechanical actuators for rotating and or translating the conduit with respect to the sheath.
Alternatively or in addition, such exemplary actuators can be used to control the orientation
of the optical axes directly.
[0027]

According to certain exemplary embodiments of the present disclosure, it is

possible to apply methods of low-coherence interferometry to determine the distance between
the conduit 210 and the lumen. Such exemplary measurements can include coherence-domain

ranging, frequency-domain

ranging,

and time-domain

ranging.

In such exemplary

embodiments of the present disclosure, further processing of distance measurements can be

applied to determine a relative velocity between the conduit 210 and the lumen. For example,
the distance measurements can be monitored over time to provide a derivative which can be
proportional to the relative velocity.
According to further exemplary embodiments of the present disclosure, it is

[0028]

possible to utilize measurements that can provide a magnitude of the relative velocity along
the specified axes 220, 230. Such exemplary measurements can be integrated to provide the
relative distances and can include, but are certainly not limited to, exemplary measurements
such as the rate of temporal decorrelation of a speckle pattern or the Doppler frequency shift
imparted on the reflected or scattered light, etc. In the presence of relative motion between a
conduit and a lumen, the radiation (e.g., light) reflected, for example, along the axes 220, 230
can be frequency shifted and/or Doppler shifted by an amount that can depend on the relative
velocity, the incidence angle θ, and/or the tracking wavelength λ :

f D = —(vr cos#+v_. sin#),
where

v,-

(1)

and vz are, respectively, the relative radial and longitudinal velocities of the lumen

with respect to the conduit. Because the exemplary radiation provided via the axes 220, 230
impact and/or illuminate the lumen at different angles, such exemplary beams and/or
radiations can experience different Doppler shifts for the same velocities:

[0029]

For example, if the first and second exemplary beams and/or radiations impact

and/or illuminate the surface of the lumen at positive and negative angles, respectively, with
respect to an axis perpendicular to the surface of the lumen, then the first and second
exemplary beams and/or radiations can be used to distinguish relative motion between the
lumen and the catheter in the longitudinal and radial directions.

In certain exemplary

embodiments employing such exemplary geometry, motion of the lumen in the +z direction

(e., along the axis of the lumen) relative to the conduit 210 can cause the first exemplary

beam and/or radiation to shift up in frequency, while simultaneously causing the second
exemplary beam and/or radiation to shift down in frequency. For example, motion of the
lumen in the -z direction can cause the first exemplary beam and/or radiation to shift down in
frequency, while simultaneously causing the second exemplary beam and/or radiation to shift
up in frequency.
[0030]

At the same time, e.g., motion of the lumen in the +r direction (e.g., of the lumen

towards the catheter) can cause both beams and/or radiations to shift up in frequency;
whereas, motion in the -r direction can cause both beams and/or radiations to shift down in
frequency. Thus, relative motion in the two dimensions can be resolved because the beams
and/or radiations experience oppositely directed Doppler shifts for motion along a first
dimension and Doppler shifts in the same direction for motion along the second dimension.
Those having ordinary skill in the art will certainly understand that adding a third beam
and/or radiation at an appropriate angle can facilitate a resolve relative motion in a third
dimension (and/or improve the accuracy of measurements in the first and second
dimensions).
[0031]

hose having ordinary skill in the art will further certainly understand that a beam

transmitted along an axis normal to the surface of the lumen would likely not experience a
Doppler shift for relative longitudinal motion. Motion in the two directions can still be
resolved according to certain exemplary embodiments employing such a geometry. This is
because, for example, the other beam and/or radiation can still experience a Doppler shift for
longitudinal motion. Thus, the radial motion can cause both beams and/or radiations to
experience a Doppler shift; whereas, longitudinal motion can cause only one beam and/or
radiation to experience a Doppler shift. This difference can facilitate the ability to distinguish
the two directions of motion.

[0032]

Equation (2) illustrates that the exemplary

frequency shift measurements

along

the two axes 220, 230 can form a basis set (e.g., not an orthonormal set) for resolving the two
relative velocity components of the lumen with respect to the conduit.
in Eq. (2) can provide the relative velocities

Inverting the matrix

in terms of the incidence

angles and the

measured Doppler shifts.

λ

(v,} =
UJ
[0033]

fsm θ2 -sm θ f f Λ

2sin(6>2 - 0,)Uos0 2

In certain exemplary applications,

cos<9,

) [fj

'

it is possible to configure or provide the optical

axes 220, 230 such that one of the axes 220, 230 can be approximately
so that relative velocity or distance measurements
motion

normal to the lumen,

along this axis represent radial relative

Further, it is possible to configure or provide the optical axes 220, 230 such that the

relative angle 240 between them is greater than, e g , approximately
e.g., approximately

90 degrees

Exemplary measurements

4 5 degrees but less than,

of Doppler frequency shifts can be

facilitated by mixing light returning along the optical axes with light from a local oscillator,
or heterodyne

reference, which can be coherent with the radiation (e g., the light) emitted

from the conduit, along the axes 220, 230

[0034]

Figure 3 illustrates an exemplary embodiment

of a system/apparatus

according to

the present disclosure for processing signals returned from the exemplary catheter shown in
Figure 2 For example, a beam director 340, for example, a wavelength division multiplexer,
can be provided at a proximal end of a conduit 320 that can transmit a returned radiation
(e g., light) so that it can be combined with the radiation (e g , light) from a local oscillator
using a coupler 380 Radiation (e g., light) returned along each axis can b e further separated
and/or detected by separate receivers 390 The detected signal associated with radiation (e g ,
light) returning along one of the first and second axes 220 can be subject to the following
exemplary approximation,

where I LO is the local oscillator intensity, f

is the local oscillator frequency, and I \ is the

intensity of the returned light corresponding to axis 1. An exemplary knowledge and/or
determination of the frequency of the local oscillator can therefore be utilized to determine
the frequency of the returned light, and using Equation 3, to determine the corresponding
relative velocity.
[0035]

For example, a heterodyne reference beam can serve, e.g., two purposes: i)

amplifying the signal, and/or ii) making it possible to distinguish the direction of motion. For
example, if f w = 0, approximately equal but oppositely directed velocities may produce
signals that oscillate at the same frequency. When / LO > /i, fi, approximately equal but
oppositely directed velocities may cause the detected signal to shift away from the local
oscillator frequency in opposite directions, removing this ambiguity.
[00361

The signal-to-noise ratio (SNR) of the detected signal can limit the precision of

the frequency measurement, which, in turn, limits the precision of the velocity estimate. In
addition, any difference between the actual angles of incidence from the assumed angles of
incidence can result in errors in the velocity estimate. Because the tracking beam and/or
radiation can refract through the facet over a small range of angles, however, the Doppler
shift of the refracted beam and/or radiation can span a small range of frequencies centered at
the nominal Doppler frequency,^.

If the angle of incidence changes, the angular spread can

change as well, likely causing, e.g., the peak at f to become broader or narrower. Similarly,
angular spread in the reflected beam and/or radiation can affect the shape of the peak at/1.
[0037]

Alternatively or in addition, according to a further exemplary embodiment of the

present disclosure, another optical element cantilevered from the probe tip or suspended in
the sheath can be used to reflect and possibly collimate or focus the refracted beam and/or
radiation towards the spot being imaged. Collimating the beam and/or radiation can sharpen
the Doppler-shifted peak, as would likely focusing, provided that the angular spread of the

focused beam and/or radiation is smaller the angular spread of the refracted beam and/or
radiation alone.
[0038]

In semi-rigid lumens, projecting both tracking beams and/or radiations onto the

same spot can also improve the accuracy of velocity estimation as long as the interbeam

angle (e.g., θ\-

θ

) can remain large. In a semi-rigid vessel, e.g., different parts of the vessel

can move at different velocities, e.g., likely degrading the velocity estimate made by

measuring the Doppler shifts of beams and/or radiations illuminating different spots.
Bringing the tracking beam/radiation spots close together while maintaining a large
interbeam angle can reduce or eliminate such problem, while possibly preserving tolerance to
angular misalignment.
[0039]

In further exemplary embodiments of the present disclosure, additional optical

axes (>2) can be utilized and reflected or scattered light corresponding to each axis may be

processed to yield relative distance and or velocity using the exemplary methods and
procedures described above. This additional information can be useful for decreasing
sensitivity of measurements to noise or to improve the accuracy with which the relative
distance, velocity or direction of velocity can be determined.
[0040]

Further exemplary embodiments according to the present disclosure can be

directed to techniques, apparatus and computer accessible medium that facilitate a unique
identification of each optical axis. Such exemplary techniques, apparatus and computeraccessible medium can include, e.g., wavelength division multiplexing, time division
multiplexing and frequency division multiplexing. For example, turning back to Figure 3, this
figures illustrates a wavelength-division multiplexing instrument 310 for determining the
relative distance and or velocity of a catheter conduit 320 with respect to a lumen. For
example, actuators 330 can be located at the proximal end of the catheter to control the
rotation and or longitudinal location of the distal conduit end.

[0041]

A wavelength division multiplexer 340 can be used to deliver radiation (e.g.,

light) from the instrument 310 into an imaging system, which can comprise a console 335,

the actuators 330 and a catheter conduit 320. The exemplary instrument 310 can include
multiple independent light sources 350 and 360, which can be combined into a single optical
path using a wavelength division multiplexer 370. The radiation (e.g., light) sources can be
uniquely identified by their wavelength or by frequency or amplitude modulation patterns
incorporated into their emission. The single optical path can be subsequently divided into two
paths, one path which can be in communication with the imaging system and another path
representing a reference path.
[0042]

The use of modulators 395, such as but not limited to acousto-optic, electro-optic

or magneto-optic, can improve the sensitivity of detection of the desired relative velocity and
or relative distance parameters. For example, radiation (e.g., light) from each path, including
radiation/light returning from the lumen, can be recombined using the coupler 380, and
directed to the receiver 390. The receiver 90 can be configured to separate the optical signals
into paths corresponding to each independent light source and to measure, for example, the
Doppler frequency shift or delay corresponding to the relative distance and or motion of the
catheter conduit with respect to the lumen. The incorporation of the modulator or frequency
shifter 395 into the reference path can be useful, e.g., for overcoming noise in the system.
[0043]

Figure 4 shows a pair of graphs illustrating plots of data acquired by the

exemplary system/apparatus shown in Figure 3 for tracking the relative motion between a
catheter conduit and a target (e.g., a lumen).

For example, a trace 410 represents data

acquired by the exemplary embodiment of Figure 3, and can display a time varying Doppler
frequency, which can be proportional to the actual relative velocity between a conduit and a
sample. A trace 420 depicts a theoretical Doppler shift, corresponding to the actual relative

motion.

[0044]

The combination of the exemplary embodiments of the present disclosure with

techniques, such as ultrasonic imaging or therapy and optical imaging or therapy, be readily
achieved as should be understood by those having ordinary skill in the art after reviewing the
present disclosure. For example, in the exemplary embodiments, the axes 220, 230 that can
be utilized to determine relative distance and or velocity can be delivered in a spatially coregistered orientation with respect to the imaging or therapy axes. Further, one of the axes
220, 230 can be one of the axes used for imaging or therapy. In this example, the axis 220 can

represent both an imaging or therapy axis and an axis for determining relative distance and or
velocity. For ultrasound and optical imaging techniques, this exemplary combination can be
achieved.
[0045]

Further exemplary embodiments of the present disclosure can be further

configured to control the relative orientation of the axes 220, 230 along which relative
distances or velocities may be determined. For example, as shown in one exemplary
embodiment configured for registering the relative distance and or motion in conjunction
with optical imaging as illustrated in Figure 5, an optical transducer 510 can be configured to
direct two or more optical axes in predetermined directions. An exemplary transducer 510
can include reflective, refractive and or diffractive surfaces.

For example, one such

exemplary dichroic reflective surface 520 can be configured to reflect radiation (e.g., light) of
specific wavelengths and transmit radiation (e.g., light) having different wavelengths.
[0046]

Dichroic filters can be constructed using dielectric coatings or facets at

discontinuities of refractive indices, as is well known in the art. One exemplary configuration
can include another exemplary dichroic surface 520 for which radiation (e.g., light) having
wavelengths lower than a predetermined value may be reflected, and radiation (e.g., light)
having a longer wavelength may be transmitted. This exemplary configuration can be utilized
to produce two distinct axes 530, 540. Further, the optical transducer 510 can be configured

to include a refractive facet 550 which can be distal to the dichroic surface such that radiation

(e.g., light) transmitted through a facet 550 follows an axis 540 that is inclined in a forward
direction. Alternatively or in addition, the facet 550 can be followed by a reflective surface,
such as, e.g., a mirror, oriented to provide any directional orientation of axis 540. An optical

transducer 510 can further be configured to focus light along one or more of the axes to a
predetermined focal plane. In this exemplary embodiment, the axis 530 can include more
than one optical beam. For example, the axis 530 can include light used for determining
relative distance and or velocity according to the exemplary embodiment of the present
disclosure, as well as light used for imaging or treating the biological lumen.
[0047]

In further exemplary embodiments of the present disclosure, the exemplary

techniques, apparatus and methods of the present disclosure can be implemented using other
forms of propagating energy rather than light. Such exemplary embodiments can utilize, e.g.,

ultrasonic energy to determine the relative distance or the relative velocity between a
transducer and lumen. Figure 6 shows flow diagram of an exemplary embodiment of a
method according to the present invention determining at least one characteristic of a
structure which can be executed by a processing arrangement, and memorialized, e.g., using
software stored or provided on a computer-accessible medium (e.g., hard drive, floppy disk,
memory device such as a memory stick of other memory or storage device, or ac combination
of one or more thereof).
[0048]

In particular, as shown in Figure 6, at least one first transmitted radiation can be

provided along a first axis and at least one second transmitted radiation can be provided along
a second axis using a particular arrangement (procedure 510). For example, the first and
second transmitted radiations can impact the structure and generate at respective first and
second returned radiation, and the first and second axis can be provided at a predetermined
angle with respect with one another which is greater than 0.

Further, as provided in

procedure 520, data associated with the first and second returned radiations can be received.
In addition, at least one relative velocity between the structure and the particular arrangement

along the first and second axes can be determined (procedure 530).
[0049]

The foregoing merely illustrates the principles of the invention.

Various

modifications and alterations to the described embodiments will be apparent to those skilled
in the art in view of the teachings herein. Indeed, the arrangements, systems and methods

according to the exemplary embodiments of the present invention can be used with and/or
implement any OCT system, OFDI system, SD-OCT system or other imaging systems, and
for example with those described in International Patent Application PCT/US2004/029148,
filed September 8, 2004, U.S. Patent Application No. 11/266,779, filed November 2, 2005,
and U.S. Patent Application No. 10/501,276, filed July 9, 2004, the disclosures of which are
incorporated by reference herein in their entireties. It will thus be appreciated that those
skilled in the art will be able to devise numerous systems, arrangements and methods which,
although not explicitly shown or described herein, embody the principles of the invention and
are thus within the spirit and scope of the present invention. In addition, to the extent that the

prior art knowledge has not been explicitly incorporated by reference herein above, it is
explicitly being incorporated herein in its entirety. All publications referenced herein above
are incorporated herein by reference in their entireties.

What Is Claimed Is:
1.

An apparatus for determining at least one characteristic of a structure, comprising:
at least one first arrangement which is structured to provide at least one first

transmitted radiation along a first axis and at least one second transmitted radiation along a
second axis, wherein the first and second transmitted radiations impact the structure and
generate respective first and second returned radiation, and wherein the first and second axes
are provided at a predetermined angle with respect with one another which is greater than 0;

and
at least one second arrangement which is configured to receive data associated with

the first and second returned radiation, and determine at least one relative velocity between
the structure and the at least one first arrangement along the first and second axes.

2.

The apparatus according to claim 1, wherein the first and second transmitted

radiations are electro-magnetic radiations.

3.

The apparatus according to claim 1, wherein the first and second transmitted

radiations are ultrasound radiations.

4.

The apparatus according to claim 1, wherein the first and second transmitted

radiations have different wavelengths.

5.

The apparatus according to claim 1, wherein the data corresponds to a Doppler shift

between the first and second transmitted radiations and the first and second returned
radiations.

6.

The apparatus according to claim

wherein the data corresponds to a time rate of

1,

change of a distance between the apparatus and the structure along the first and second axes.

7.

The apparatus according to claim 1, wherein the at least one first arrangement extends

along a longitudinal axis, and wherein a first velocity along the first axis and a second
velocity along the second axis is used to determine a further relative velocity between the
apparatus and the structure at least approximately along the longitudinal axis.

8.

The apparatus according to claim 7, wherein at least one of a position or a rotation of

the apparatus is determined based on the further relative velocity.

9.

The apparatus according to claim

further comprising at least one third arrangement

1,

which is configured to generate at least one image of at least one portion of the structure as a
function of the at least one relative velocity.

10.

The apparatus according to claim 9, wherein the at least one third arrangement

generates the at least one image using an optical frequency domain interferometric procedure.

11.

The apparatus according to claim 9, wherein the at least one third arrangement

generates the at least one image using an optical coherence interferometric procedure.

12

The apparatus according to claim 9, wherein the at least one third arrangement

generates the at least one image using an ultrasound procedure.
13.

The apparatus according to claim

arrangement is provided in a catheter.

1,

wherein at least a portion of the at least one third

14.

The apparatus according to claim 4, wherein the at least one first arrangement

includes a portion having a section which is structured to reflect at least one of the first and

second transmitted radiations and at least partially allow to pass therethrough the other one of

the first and second transmitted radiations based on respective wavelengths of the first and

second transmitted radiations.

15.

The apparatus according to claim 14, wherein the reflected radiation and the pass

through radiation are provided at the predetermined angle.

16.

The apparatus according to claim 1, wherein the at least one first arrangement is

structured to at least one of collimate or focus at least one of the at least one first transmitted

radiation or the at least one second transmitted radiation.

17.

The apparatus according to claim

1,

wherein the first and second axes impact the

structure at positive and negative angles, respectively, with respect to an axis perpendicular to

a surface of the structure.

18.

The method according to claim 17, wherein the at least one second arrangement is

further configured to distinguish between a relative motion between the structure and the at
least one first arrangement in two dimensions based on the first and second returned

radiations.

19.

A method for determining at least one characteristic of a structure, comprising:
providing at least one first transmitted radiation along a first axis and at least one

second transmitted radiation along a second axis using a particular arrangement, wherein the

first and second transmitted radiations impact the structure and generate respective first and

second returned radiation, and wherein the first and second axis are provided at a

predetermined angle with respect with one another which is greater than 0;
receiving data associated with the first and second returned radiations; and
determining at least one relative velocity between the structure and the particular
arrangement along the first and second axes.

20.

A computer accessible medium which provides software thereon for determining at

least one characteristic of a structure, wherein, when a computer processing arrangement

executes the software, the computer processing arrangement is configured to perform
procedures comprising:
receiving data associated with first and second returned radiations which are provided
from the structure and which are associated with third and fourth transmitted radiations,

respectively, impacting the structure, wherein the third transmitted radiation is provided
along a first axis and the fourth transmitted radiation is provided along a second axis using a

particular arrangement, wherein the third and fourth transmitted radiations impact the
structure and generate the respective first and second returned radiation, and wherein the first
and second axis are provided at a predetermined angle with respect with one another which is
greater than 0; and
determining at least one relative velocity between the structure and the particular
arrangement along the first and second axes.

