200

OO A N A
us 20163622A1
a9 United States

a» Patent Application Publication o) Pub. No.: US 2002/0163622 Al

Magnin et al. (43) Pub. Date: Nov. 7, 2002
(54) APPARATUS AND METHOD FOR (21) Appl. No.: 09/826,897
SELECTIVE DATA COLLECTION AND
SIGNAL TO NOISE RATIO ENHANCEMENT (22) Filed: Apr. 6, 2001
USING OPTICAL COHERENCE
TOMOGRAPHY Publication Classification
(76) Inventors: Paul Magnin, Andover, MA (US); (51) Int. Cl.7 ....................................................... A61B 3/10
John W. GOOanW, Arling[on, MA (52) US. CLooeeeeee e 351/212

(US); Christopher L. Petersen,

Carlisle, MA (US); Joseph Schmitt, 7 ABSTRACT
Andover, MA (US) Methods and apparatuses are provided that continually
adjust the path-length of a reference arm or data acquisition
Correspondence Address: in a manner that keeps a desired region of interest of an
FLESHNER & KIM, LLP image within a range of the OCT system. The path-length
P.O. Box 221200 can be adjusted either manually by the operator or automati-
Chantilly, VA 20153-1200 (US) cally according to a programmed algorithm.
/ (9
5

0
s \
(b

¢ OpFtal
30 (955 <ch:;:'.&',

e
¢

T2
SglanminGe .,
PASS I,

[Eish tizea {
o

o



Patent Application Publication Nov. 7,2002 Sheet 1 of 8 US 2002/0163622 Al

61

S canmia

Mcclﬁg/ A

/
Cptical Source

Image Precesser

T =S




Patent Application Publication Nov. 7,2002 Sheet 2 of 8 US 2002/0163622 Al

Maximum decth of imac2

»

SMMYE A
Suriacz=Steri ¢f
Image

. Maximum depth cf Imzce
Cencentric Stant |

¢f Image /




Patent Application Publication  Nov. 7,2002 Sheet 3 of 8 US 2002/0163622 A1

Nen-Cancentnc Maximum degth of Image

Stan of Image J

Maximum degth of Image
Noen-concanme - Stast af image ' -~
/




Patent Application Publication Nov. 7,2002 Sheet 4 of 8 US 2002/0163622 Al

(9

A0 \
/ Z canaing |

PAC Eaaxd sen




Patent Application Publication  Nov. 7,2002 Sheet 5 of 8 US 2002/0163622 A1

£l

Tmage
) Processor

16 ( 30

7

ﬁ[ﬂ- 3A



Patent Application Publication  Nov. 7,2002 Sheet 6 of 8 US 2002/0163622 A1

7

/ \' £ cAnA[Ag

e draxisen

Image /
Processer >
95
footend ANA
5ol - TR gt b
\m\\w Nmyé' "
< AORGCE T
/ 1% :
% QKL/
L 0

T

iy 3B



Patent Application Publication  Nov. 7,2002 Sheet 7 of 8 US 2002/0163622 A1

Maximum Possicle knd of Vang image pata

First E<ge of Lumen

Start cf Veaiid Image Data

Canter of Sawrts Arm

lomen Z-ax(s
dejecto PLoUSTN AT
& (Adicotor LUT

(..Lm,

~—— £ng of Valid Imzge Data

—  —

LS

7~

7/

cm |
¢ ONVERTER 5

——

vy

STRETING

. PoinT
/ ADJUSTMENT
ConverSioN N
LuT 90




Patent Application Publication  Nov. 7,2002 Sheet 8 of 8 US 2002/0163622 A1




US 2002/0163622 Al

APPARATUS AND METHOD FOR SELECTIVE
DATA COLLECTION AND SIGNAL TO NOISE
RATIO ENHANCEMENT USING OPTICAL
COHERENCE TOMOGRAPHY

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The invention is directed to an apparatus and
method for selective data collection and/or utilization using
optical coherence tomography. In particular, the invention is
directed to an apparatus and method of collecting and/or
utilizing, using optical coherence tomography, only that
imaging information relevant to a particular medical diag-
nosis/assessment.

[0003] 2. Background of the Related Art

[0004] Optical coherence tomography (OCT) is a rela-
tively new imaging modality with the ability to perform high
resolution, high-sensitivity, cross sectional imaging of
microstructures. OCT has several significant advantages
over ultrasound and other established imaging techniques.
First, OCT can directly measure cross-sectional microstruc-
ture on a micron scale. Second, OCT can perform imaging
of structures in situ and without contact. Third, imaging can
be performed in real time, and fourth, because OCT tech-
nology is based on fiber optics, it can be interfaced with a
wide range of medical, microscopic, and industrial instru-
ments.

[0005] The operating principle of OCT is analogous to that
of ultrasound B-mode imaging, except OCT uses light rather
than sound and performs imaging by measuring the intensity
of light backscattered from a sample being imaged. OCT
produces two-, or three-dimensional images by directing an
optical beam at an object, and measuring backscattered light
as the beam is scanned across the object. An OCT image is
a gray scale or false color two-dimensional representation of
backscattered light intensity in a cross-sectional plane.

[0006] In medical imaging, the OCT image represents the
differential backscattered contrast between different tissue
types on a micron scale. Using infrared light, state-of-the-art
OCT imaging systems can achieve resolutions approxi-
mately 5-25x higher than other imaging modalities used in
clinical medicine.

[0007] There are a variety of interferometric embodiments
of OCT systems. For example, one typical implementation
uses a fiber optic coupler as the basis of a Michelson
interferometer. One of the arms of the interferometer deliv-
ers and scans the optical beam on a sample, while the other
arm functions as a reference arm with a high-speed longi-
tudinal scanning mechanism. When the optical path-length
to a reflection site within the sample matches the path-length
in the reference arm, coherent optical interference occurs at
the photodetector. The interference signal is detected,
demodulated, processed, stored and/or displayed to yield the
backscattered light intensity versus depth for a given trans-
verse or angular position of the incident beam. Examples of
OCT systems are taught in copending Application No.
09/233,421 [Attorney Docket No. CDT-01] and U.S. Pat.
Nos. 5,321,501, 5,459,570, and 6,111,645, which are hereby
incorporated by reference.

[0008] OCT imaging can be performed non-invasively
and in real time over approximately the same depth over
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which tissue is removed in a biopsy. Thus, OCT can be used
in applications where conventional biopsies are impractical
or impossible.

[0009] A tremendous amount of data is collected during
OCT imaging because of the high resolution of the modality.
The large amount of raw data that makes up the image or
series of images in a cine-loop can cause a data storage
problem, as well as a real-time scan conversion problem. In
addition, the signal-to-noise ratio in a well designed OCT
system is limited by the number of photons the imaging
probe can collect for each pixel in the resultant image.

[0010] The references discussed within this disclosure are
incorporated by reference where appropriate for appropriate
teachings of additional or alternative details, features and/or
technical background.

SUMMARY OF THE INVENTION

[0011] An object of the invention is to solve at least the
above problems and/or disadvantages and to provide at least
the advantages described hereinafter.

[0012] Another object of the invention is to solve the
above problems and/or disadvantages by improving the data
efficiency of OCT systems. For a given light source, the
number of photons collected in each image pixel can be
increased by allowing more photon collection time per pixel.
All other things being equal, this can be achieved by
scanning fewer pixels in the image.

[0013] Another object of the invention is to increase the
signal-to-noise ratio of OCT images.

[0014] A further object of the invention is to decrease the
data processing and storage needs of an OCT system.

[0015] Astill further object of the invention is to allow for
higher frame rates given the same signal-to-noise ratio as
conventional OCT systems.

[0016] Another object of the invention is to allow for
higher line densities given the same signal-to-noise ratio as
conventional OCT systems.

[0017] These and other advantages can be accomplished
by methods and apparatuses for performing optical imaging
on a system that continually adjust the path-length of the
reference arm in a manner that keeps the desired region of
interest of an image within a restricted range of an OCT
system. According to methods and apparatuses described
herein, the path-length can be adjusted either manually by
the operator or automatically according to a programmed
algorithm.

[0018] Additional advantages, objects, and features of the
invention will be set forth in part in the description which
follows and in part will become apparent to those having
ordinary skill in the art upon examination of the following
or may be learned from practice of the invention. The objects
and advantages of the invention may be realized and attained
as particularly pointed out in the appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] The invention will be described in detail with
reference to the following drawings in which like reference
numerals refer to like elements wherein:
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[0020] FIG. 1 is a schematic drawing of a conventional
OCT imaging system;

[0021] to FIG. 2A is a schematic drawing of an image
generated by a conventional OCT system that employs a
rotatable probe;

[0022] FIGS. 2B-2D are schematic drawings of images
generated by an OCT imaging system according to the
present invention,

[0023] FIG. 3 is a schematic drawing of an OCT imaging
system according to an embodiment of the present inven-
tion;

[0024] FIG. 3A is a schematic drawing of an OCT imag-
ing system according to another embodiment of the present
invention;

[0025] FIG. 3B is a schematic drawing of an OCT imag-
ing system according to another embodiment of the present
invention;

[0026] FIG. 4 is a schematic drawing of a control system
for an OCT imaging system according to an embodiment of
the present invention; and

[0027] FIG. 5 is an exemplary diagram demonstrating the
variables input into equations for determining a reference
arm offset as a function of probe rotation angle according to
the invention.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

[0028] An example of a conventional OCT system is
shown in FIG. 1. The OCT system 10 includes an optical
source 20, for example, a broadband light source, that
provides a collimated or substantially collimated optical
beam to a source arm 30 via a first optical path 55A and 55B.
The source arm 50 delivers the optical beam to a sample 1,
for example, tissue. The optical source 20 also provides the
optical beam to the reference arm 60 via the first optical path
55A and a second optical path 65A.

[0029] The OCT system further includes an interferometer
69 that includes a sample optical path and a reference optical
path together with an optical combiner 70. The sample
optical path includes the path traveled by a portion of
photons from the optical source 20 along the first optical
path 55A through optical combiner 70 (which serves as both
a splitter and combiner), then along the first optical path 55B
through a scanning mechanism 51 to sample 1, for example,
tissue, then back along first optical path 55A through optical
combiner 70 along the second optical path 65B to detector
80. The reference optical path includes the path traveled by
a second portion of photons from optical source 20 along the
first optical path 55A through optical combiner 70, then
along the second optical path 65A to reference reflector 64,
then back along the second optical path 65A through optical
combiner 70 along the second optical path 65B to detector
80.

[0030] The source arm 50 may terminate in the form of,
for example, a probe, probe assembly, rotary coupler, cath-
eter, guidewire, endoscope, laparoscope or microscope, des-
ignated by reference numeral 56 in FIG. 1. Examples of
probe configurations that may be utilized are taught in U.S.
Pat. No. 5,321,501, which is hereby incorporated by refer-
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ence. For purposes of the following discussion, element 56
will be referred to as a probe assembly. The probe assembly
may be rotatable. Further, the probe could be configured to
be introduced into a bounded area of tissue, such as a blood
vessel, or other bodily orifice.

[0031] The scanning mechanism 51 provides lateral
movement to scan the length or width of the sample 1, the
scanning movement represented by arrow A in FIG. 1. That
is, the scanning mechanism 51 controls the position on the
sample at which imaging is being performed by varying the
position of the probe assembly 56. Alternatively, the sample
can be moved to provide the scanning.

[0032] The reference arm 60 may comprise a scanning
mechanism 61, for example, a high speed scanning mecha-
nism such as a galvanometer, and a reflector 64. The
reflector 64 may be, for example, a movable mirror, or
corner reflector. The arrow B in FIG. 1 represents the
scanning movement of the scanning mechanism 61.

[0033] When the path lengths to the sample 1 and the
reflector 64 are matched, optical interference occurs at the
optical combiner 70. The interference signal is detected by
the photodetector 80. An electrical path 66 connects the
photodetector 80 to an image processor 30. The interference
signal is demodulated, processed, and is stored and/or dis-
played by the image processor 30.

[0034] In operation, the probe assembly 56 may be intro-
duced into a bounded area of tissue, such as a blood vessel,
or other body orifice. The optical source 20 delivers the
optical beam to the probe assembly 56. The probe assembly
56 delivers the optical beam to the sample 1. The probe
assembly 56 may be rotated, either automatically or manu-
ally. Further, the probe assembly may be rotated approxi-
mately 360° to deliver the optical beam in a complete
circumferential sweep. The coherent portion of the optical
beam penetrates the sample 1 to a maximum depth. This
maximum depth determines the maximum depth of the
image. The scanning mechanism 51 moves the source arm
50 to provide scanning of the full length or width of the
sample 1, or alternately, may be configured to move the
sample 1.

[0035] At the same time, the optical source 20 delivers the
optical beam to the reference arm 60 via the first and second
optical paths 55A, 65A. The optical beam reflects off reflec-
tor 64, which is moved by the scanning mechanism 61.
When the path lengths to the sample 1 and to the reflector 64
are matched, that is, when they are within a coherence length
of the optical beam, optical interference occurs at the optical
combiner 70. As discussed above, the interference signal is
detected by the photodetector 80, and is then demodulated,
processed, and is stored and/or displayed by the image
processor 30.

[0036] The apparatus and methods according to embodi-
ments of the present invention collect only imaging infor-
mation that is important to making a particular medical
diagnosis and eliminate the rest of the data. This discussion
is provided using as an example a blood vessel, or other
body tissue or organ, as the sample, in the case of imaging
for the purpose of making a medical diagnosis. The inven-
tion would have numerous other applications where selec-
tive collection of image data or a reduction in the collected
image data is desirable or advantageous.
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[0037] The approach according to the present invention is
to start the collection of each image line of the image at the
point of interest in the anatomy, for example, instead of at
the probe interface as in conventional intravascular ultra-
sound (IVUS) systems. This effectively eliminates the time
spent collecting data where no diagnostic information exists.
For example, this eliminated area could correspond to the
lumen of, for example, a blood vessel. As a result, high
frame rates can be achieved with good image quality
because the time is spent collecting photons from only the
areas of diagnostic importance.

[0038] The point of interest in a sample that starts an
image line can be determined in a number of ways. In the
case where the source arm is provided in the form of a probe
and the sample, or the target tissue is a blood vessel or
portion of a blood vessel, the inner boundary of the blood
vessel could be automatically detected, or detected by, or
with the help of, an operator, and the reference arm could be
adjusted to start the scan at that boundary of the blood vessel
or portion of the blood vessel. Referring to FIGS. 2A and
2B, in this case, the image would start at the surface 3,
instead of at the outer circumference 56a of the probe
assembly 56. The resulting scan or image would be an
annulus, as shown in FIG. 2B, that has an inner radius near
the inner vessel surface 3 and an outer radius that corre-
sponds to the penetration depth 2 of the imaging system, or
the depth of the maximum throw on a reference arm galva-
nometer.

[0039] Since in general, the probe assembly is not exactly
in the center of a perfectly round lumen, as shown in FIG.
2C, a distance d from an outer circumference 56a of the
probe assembly and the inner circumference 3a of the vessel
wall is not a constant as the probe assembly rotates. There-
fore, the displayed image of the vessel wall would be
eccentric. Furthermore, it would no longer be possible to
start the scan at a simple predetermined location from the tip
of the probe assembly and large amounts of unnecessary
data would be collected. However, as detailed below, it is
possible to describe this varying distance with analytic
functions.

[0040] Alternately, it is possible to describe this varying
distance with look-up tables accessed, for example, by a
controller, for example, a control computer. The use of
look-up tables would allow even more complicated inner
surfaces to be detected, such as the one shown in FIG. 2D,
and those tracked in U.S. Pat. Nos. 5,195,521 and 6,106,465,
which are hereby incorporated by reference. An analog or
digital circuit can be designed to adjust the distance offset
continually over the scanning of a frame, where a frame
corresponds to a complete circumferential sweep of the
lumen wall.

[0041] In an OCT system, the distance offset is accom-
plished by varying the length of the reference arm of an
optical combiner, such as reference arm 60 and optical
combiner 70 shown in FIG. 1. The probe assembly 56
comprises the sample arm or part of the sample arm, such as
sample arm 50 in FIG. 1. This distance offset is separate and
distinct from the high frequency repetitive optical length
variation of the reference arm used to accomplish the depth
scanning in OCT. The distance offset has an eccentric or
irregular shape, as detailed below, and follows a once-per-
frame cycle whereas the scan length variation has a regular
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shape (typically saw toothed, triangular or sinusoidal) and
occurs on a once-per-line rate. A typical OCT image contains
up to several hundreds of lines per frame. To obtain an image
where data is concentrated in the vessel wall as described
above, the distance offset variation must be combined with
the scan length variation.

[0042] 1In conventional OCT systems, the reference arm
distance offset is typically adjusted once to match the fixed
length of the sample and reference arms. Thereafter, the scan
length variation is used to create the image. Therefore, there
is a need in the art for determining the required distance
offset as a function of probe rotation angle, for controlling
the reference arm length in a once per frame cycle, and for
combining or cooperatively coupling this length variation
with the scan length variation.

[0043] For example, the distance offset adjustment could
be done by moving a reflector, such as a mirror, on a
galvanometer with a frequency response in the 1 to 30 of
Hertz range, corresponding to the imaging frame rate.

[0044] An example of an OCT system according to an
embodiment of the present invention capable of such a
distance offset adjustment is shown in FIG. 3. The OCT
system of FIG. 3 is similar to the OCT system of FIG. 1 and
like description is not repeated.

[0045] The embodiment of FIG. 3 includes interferometer
69 which includes a sample optical path and a reference
optical path together with an optical combiner 70. The
sample optical path includes the path traveled by a portion
of photons from the optical source 20 along the first optical
path 55A through optical combiner 70 (which serves as both
a splitter and combiner), then along the first optical path 55B
through a scanning mechanism 51 to sample 1, for example,
tissue, then back along first optical path 55A through optical
combiner 70 along the second optical path 65B to detector
80. The reference optical path includes the path traveled by
a second portion of photons from optical source 20 along the
first optical path S5A through optical combiner 70, then
along the second optical path 65A to reference reflector 64,
then back along the second optical path 65A through optical
combiner 70 along the second optical path 65B to detector
80.

[0046] The sample optical path, combiner 70, and refer-
ence optical path make up an interferometer. It should be
understood that the sample optical path and the reference
optical path may be any combination of elements including
fibers, waveguides or free space transmission that yields two
optical paths of an interferometer.

[0047] The embodiment of FIG. 3 further includes reflec-
tor 64 mounted on a scanning mechanism 95, for example,
a high speed scanning mechanism such as a galvanometer,
or rotating cam as in U.S. Pat. No. 6,191,862. The OCT
system of FIG. 3 further includes a controller 98, and a
starting point adjustment device 90. The controller 98 and
starting point adjustment device may communicate with
each other and/or with the image processor and/or other
components of the system via path 67A, 67B.

[0048] The starting point adjustment device 90 may
include software and processing hardware capable of coop-
eratively functioning with a scanning mechanism 95 in such
a way that the OCT system of FIG. 3 only collects data or
only processes data after the scanning mechanism 95 passes
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a starting point. Hence, the OCT only collects and utilizes
data that is relevant to the measurement at hand. Alterna-
tively, the starting point adjustment device 90 in cooperation
with the controller 98 may function to only actually scan the
relevant ranges determined by the starting point adjustment
device 90. In either case, the result is that the OCT of FIG.
3 is not burdened by unwanted or unnecessary data and the
loss of time (and photons) spent collecting it.

[0049] Further, the starting point adjustment device 90
may include a scanning mechanism 90A incorporated
therein, whose movement is represented by the arrow C in
FIG. 3A, which would adjust the starting point at which data
is collected and/or utilized.

[0050] An example of an OCT system according to
another embodiment of the present invention is shown in
FIG. 3B. The OCT system of FIG. 3B is similar to the OCT
systems of FIGS. 3 and 3A; however, it additionally com-
prises a boundary detector 40, for example, a joystick,
mouse or rollerball, and a corresponding controller. The
boundary detector allows a user to input a boundary of the
sample 1.

[0051] In one implementation of a method according to
the present invention, the boundary detector 40 could be
employed to correct the eccentricity of the image manually
when the probe assembly 56 is located off-center in a vessel
lumen. To accomplish this correction, the operator would
move a cursor to the center of the vessel, a cardioid is
calculated corresponding to the position and distance to the
original center, the amplitude and baseline of a cardioid-
shaped waveform is then applied to the starting point
adjustment device 90. This would allow the user to effec-
tively center and create a symmetrical, round annulus by
simply moving a cursor, for example, a joystick and joystick
controller to the actual center of the vessel lumen.

[0052] In accordance with another implementation of a
method according to the present invention, the controller 98
contains hardware and/or software configured to implement
the invention, which detects both the internal window reflec-
tion from the probe assembly, as well as the inner wall of the
blood vessel. These are the brightest reflections in the OCT
image and can be separated from other features. The con-
troller 98 then draws a best fit circle (via a least squares
routine or similar technique) to each circle, determines the
corresponding center of each, and then determines the
required movement to make the two circles concentric.

[0053] The controller 98 according to one embodiment of
the invention can comprise a lumen detector or indicator
component 44, a z-Axis Adjustment lookup table (LUT) 41,
a scan converter 42, and a scan conversion LUT 43. As
shown in FIG. 4, the hardware and/or software is in com-
munication with the starting point adjustment device 90.

[0054] The lumen detector or indicator 44 either automati-
cally detects the first inner wall of the lumen using an
algorithm or allows the user to locate the perimeter of the
lumen manually via boundary detector 40 (see FIG. 3B).
The lumen could be indicated with either a circle of adjust-
able diameter and center or a freehand trace.

[0055] The Z-axis adjustment LUT 41 is a lookup table
that has an entry for each scan line in the image. The entry
indicates the starting point of the valid data in the image in
distance from the probe assembly. The start of valid data is
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slightly closer to the probe assembly than the first lumen
edge according to a preferred embodiment of the invention.
The units can be in “virtual samples” (i.¢., sample periods)
or physical distance such as millimeters or microns. This
lookup table is generated from the output of the lumen
detector or indicator and downloaded to a waveform gen-
erator (not shown) of the starting point adjustment device
90.

[0056] The scan conversion LUT 43 is a lookup table that
has an entry for each pixel in the scan-converted image. The
entry has several fields which may include the scan line
number(s) and virtual sample number(s) for the sample
point(s) to be interpolated. Any number of sample points can
be used to interpolate each output pixel; a typical imple-
mentation is to use the four sample points surrounding the
output pixel. Furthermore, implementations other than a
lookup table can be used to generate the information
required for interpolation, such as those taught in U.S. Pat.
Nos. 4,468,747 and 4,471,449, which are hereby incorpo-
rated by reference.

[0057] The scan converter 42 interpolates all the pixels in
the output image using a scan converter algorithm, thereby
filling in all of the pixels in a rectilinear display from the raw
data points in an angle and radius format. For each output
pixel, the corresponding entry in the scan conversion lookup
table is used to determine the scan line number(s) and virtual
sample number(s) to use for the interpolation. The virtual
sample number is converted to a physical sample number by
subtracting the proper entry in the Z-axis adjustment lookup
table (LUG). The proper entry in the Z-axis LUT is found by
using the scan line as an index into the table. The physical
sample number is then used to fetch the appropriate raw data
samples stored in the raw data buffer for interpolation. The
physical sample number must be range-checked to ensure
that it falls within the limits of the raw data buffer. If the
physical sample number is within the allowable range, the
interpolation proceeds normally and a value for the output
pixel is generated. If not, the output pixel falls outside the
image and the interpolation is terminated.

[0058] Once the centers of the probe assembly and arterial
lumens are determined as described earlier, the required
correction can be calculated and implemented. Referring to
FIG. 5 and the discussion below, a simple set of equations
can be written that determine the reference arm offset as a
function of probe assembly rotation angle. The start point
adjustment device then creates a variable delay, for example,
by driving the reflector, that is added to the reference arm,
or alternatively, to the sample arm to modulate the start point
of the image line as a function of angle. Alternatively, an
optical delay line may be provided, alone or in addition to
the start point adjustment device, which creates the variable
delay that is added to the reference arm, or alternatively, to
the sample arm to modulate the start point of the image line
as a function of angle. Other delay techniques may be also
utilized, including but not limited to those disclosed in U.S.
Pat. Nos. 5,956,355, 6,111,645 and 6,191,862, which are
hereby incorporated by reference.

[0059] In FIG. 5, C, is the center of the probe assembly
56, C, the center of the lumen, c is the distance between
centers, P; is the point being scanned, d is the distance to the
point P, from the center of the probe assembly C,, 6 is the
angle measured from the line connecting the centers C; and
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C, to the line connecting the point P; and the center C of the
probe assembly 56, b is the radius of the best-fit circle to the
arterial lumen at the point P, being scanned, and ¢ is the
angle between the line connecting the point P, and the center
C, of the lumen and the line connecting the centers C; and
C,,. The optical probe body is shown as a circle of radius a
around point C,. To determine d, and hence the correction
factor needed, simple trigonometric relations can be used to
arrive at the following:

s 71(b2+a2 —42] 08)
=cos | ————
2cb
s @
~ sind

[0060] These equations (1) and (2) can be solved itera-
tively to arrive at the values for d and ¢. Once d is known,
the reference arm offset can be applied.

[0061] An additional advantage of the invention is that it
could reduce the required depth scan range to be just
approximately 1 or 2 mm. This corresponds to the penetra-
tion depth of the OCT beam in a typical highly scattering
tissue. Such systems would have an increased signal-to-
noise ratio, at a given frame and line rate, by virtue of
collecting photons from only approximately 1 or 2 mm of
scan depth rather than a more typical 4 mm.

[0062] A further advantage is that the system would com-
pensate for respiratory motion, that causes the tissue of
interest in surgical microscopy move in and out of the
viewing field. In such applications instead of an annular
image, the image could be a rectangle or a rectangle with an
irregular top surface where the first air-tissue interface is
detected.

[0063] The foregoing embodiments and advantages are
merely exemplary and are not to be construed as limiting the
present invention. The present teaching can be readily
applied to other types of apparatuses. The description of the
present invention is intended to be illustrative, and not to
limit the scope of the claims. Many alternatives, modifica-
tions, and variations will be apparent to those skilled in the
art. In the claims, means-plus-function clauses are intended
to cover the structures described herein as performing the
recited function and not only structural equivalents but also
equivalent structures.

What is claimed is:
1. A system for performing optical imaging on a sample,
comprising:

an optical radiation source;

a sample arm terminating in a probe assembly, the probe
assembly comprising a first scanning mechanism that
controls the transverse or angular position on a sample
at which imaging is performed, the sample position
being selectively varied by the first scanning mecha-
nism to scan a sample in at least one transverse or
angular dimension;

a reference arm comprising a reference optical reflector;

a first optical path optically coupling the optical radiation
source to the probe assembly and a second optical path
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optically coupling the optical radiation source to the
reflector, the optical source applying optical radiation
through the first optical path and the probe assembly to
a sample and through the second optical path to the
reflector;

a second scanning mechanism that determines a longitu-
dinal range relative to the probe assembly from which
imaging information is obtained;

a starting point adjustment device that determines a point
with respect to a sample at which imaging information
collection is started,

a controller that controls the second scanning mechanism,
wherein imaging information is obtained only from a
longitudinal range that contains a selective portion of a
sample from which it is desired that imaging informa-
tion be obtained;

an optical combiner that combines reflections from the
sample received through the first optical path and
reflections from the reflector received through the sec-
ond optical path, the resulting combined optical output
having optical interference fringes;

a detector that detects the output; and

a processor that processes the detected output to obtain a
selected image of the sample.
2. The system according to claim 1, further comprising:

a boundary detector that detects a boundary of the sample,
wherein in response to an output of the boundary
detector, the starting point adjustment device deter-
mines a point with respect to a sample at which imaging
information is collected.

3. The system according to claim 2, wherein a starting
point of each image line of an image is at or near a boundary
of the sample.

4. The system according to claim 2, wherein the sample
is a vessel and the starting point of each image line of an
image is at or near the vessel wall.

5. The system according to claim 2, wherein the starting
point adjustment device corrects the eccentricity of the
image when the probe assembly is located off-center in a
vessel lumen.

6. The system according to claim 1, wherein the starting
point adjustment device corrects the eccentricity of the
image when the probe assembly is located off-center in a
vessel lumen.

7. The system according to claim 2, wherein the boundary
detector is a manual input device that allows a user to input
a closest edge of the sample with respect to the probe
assembly.

8. The system according to claim 7, wherein the manual
input device comprises at least one of a joy stick, mouse and
rollerball, and a corresponding controller.

9. The system according to claim 7, wherein the second
scanning mechanism comprises a galvanometer to which the
reflector is attached, wherein the correction is accomplished
by adjusting the amplitude and baseline of a cardioid-shaped
waveform applied to the galvanometer according to a posi-
tion an operator enters.

10. The system according to claim 9, wherein the starting
point adjustment device determines both an internal window
reflection from the probe assembly as well as the inner
radius of the sample, draws a best fit circle to each, then
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determines the required movement to make the two circles
concentric, thereby determining the amplitude and offset of
the required cardioid.

11. The system according to claim 2, wherein the second
scanning device comprises a galvanometer to which the
reflector is attached, wherein the starting point adjustment
device dynamically controls the inner radius or start point of
each image line via the galvanometer by adjusting the
reference arm on a per cycle or frame basis.

12. The system according to claim 10, wherein the gal-
vanometer drives the reflector to create a slowly varying
delay that is varying substantially cyclically each frame and
is added to a second reference arm delay that is varying
substantially cyclically each line.

13. The system according to claim 2, wherein the starting
point adjustment device comprises an optical delay line, the
starting point adjustment device dynamically controlling the
inner radius or starting point of each image line via the
optical delay line by adjusting the reference arm on a per
cycle or frame basis.

14. The system according to claim 13, wherein the second
scanning mechanism drives the reflector to create a slowly
varying delay that is varying substantially cyclically each
frame and is added to a second reference arm delay that is
substantially cyclically each line.

15. The system according to claim 1, wherein the system
produces a substantially annular image whose inner radius
starts beyond an outer radius of the probe assembly.

16. The system according to claim 15, wherein the inner
radius starts at a predetermined depth in the scan.

17. The system according to claim 15, wherein the image
has a variable radius as a function of angle.

18. The system according to claim 15, wherein the sample
is a vessel and the inner radius or start point of each image
line is at or near the vessel wall.

19. The system according to claim 13, wherein the system
is a microscopy OCT system and the point with respect to a
sample at which imaging information is collected is at or
near the sample surface.

20. The system according to claim 2, wherein a variable
starting point of each image line of an image is used to
compensate for at least one of patient respiratory motion,
cardiac motion, muscle tremors, and variations in the dis-
tance to the surface of the sample.

21. The system according to claim 1, wherein the longi-
tudinal range comprises a range starting beyond an outer
radius of the probe assembly and extending to a maximum
image depth or less capable by the optical imaging system.

22. The system according to claim 1, wherein the longi-
tudinal range comprises a range starting substantially before
or at a boundary of the sample and extending to a maximum
image depth or less capable by the optical imaging system.

23. The system according to claim 1, wherein the starting
point adjustment device comprises a third scanning mecha-
nism, the starting point adjustment device dynamically
controlling the inner radius or starting point of each image
line via the third scanning mechanism by adjusting the
reference arm on a per cycle or frame basis.

24. The system according to claim 24, wherein the third
scanning mechanism comprises a galvanometer.

25. A method for performing optical imaging on a sample
using an optical imaging device comprising an optical
radiation source; a sample arm terminating in a probe
assembly, the probe assembly comprising a first scanning
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mechanism that controls the transverse or angular position
on a sample at which imaging is performed, the sample
position being selectively varied by the first scanning
mechanism to scan a sample in at least one transverse or
angular dimension; a reference arm comprising a reference
optical reflector; a first optical path optically coupling the
optical radiation source to the probe assembly and a second
optical path optically coupling the optical radiation source to
the reflector, the optical source applying optical radiation
through the first optical path and the probe assembly to a
sample and through the second optical path to the reflector;
a second scanning mechanism that determines a longitudinal
range with respect to a sample from which imaging infor-
mation is obtained; an optical combiner that combines
reflections from the sample received through the first optical
path and reflections from the reflector received through the
second optical path, the resulting combined optical output
having optical interference fringes; a detector that detects
the output; and a processor that processes the detected
output to obtain a selected image of the sample, the method
comprising;

determining a longitudinal range containing a selective
portion of a sample from which it is desired that
imaging information be obtained; and

controlling the second scanning mechanism to obtain
imaging information only from the determined longi-
tudinal range.

26. The method according to claim 25, wherein the
longitudinal range comprises a range starting beyond an
outer radius of the probe assembly and extending to a
maximum image depth or less capable by the optical imag-
ing system.

27. The method according to claim 25, wherein the
longitudinal range comprises a range starting substantially
before or at a boundary of the sample and extending to a
maximum image depth capable by the optical imaging
system.

28. The method according to claim 27, wherein the
boundary of the sample is input by a user via a manual input
device.

29. The method according to claim 27, wherein the
boundary of the sample is detected by the controller.

30. A system for performing optical imaging on a sample,
comprising;

an optical radiation source;

a sample arm terminating in a probe assembly, the probe
assembly comprising a first scanning mechanism that
controls the transverse or angular position on a sample
at which imaging is performed, the sample position
being selectively varied by the first scanning mecha-
nism to scan a sample in at least one transverse or
angular dimension;

a first optical path optically coupling the optical radiation
source to the probe and a second optical path optically
coupling the optical radiation source to the reflector, the
optical source applying optical radiation through the
first optical path and the probe assembly to a sample
and through the second optical path to the reflector;

a second scanning mechanism that determines a longitu-
dinal range relative to the probe assembly from which
imaging information is obtained;
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a controller that controls the second scanning mechanism
to obtain imaging information from a longitudinal
range from which it is desired that imaging information
be obtained;

a start point adjustment device that determines a point
with respect to a sample at which collected imaging
information will be utilized;

an optical combiner that combines reflections from the
sample received through the first optical path and
reflections from the reflector received through the sec-
ond optical path, the resulting combined optical output
having optical interference fringes;

a detector that detects the output; and

a processor that processes the detected output to obtain a
selected image of the sample.
31. A system for collecting position data of a sample,
comprising;

an interferometer that receives optical radiation and hav-
ing a first optical path and a second optical path,
whereby a first portion of said optical radiation travels
along the first optical path and a second portion of said
optical radiation travels along the second optical path;

an optical path length varying mechanism that varies a
length of one of said first and second optical paths;

a detector optically coupled to said interferometer for
outputting position data by detecting said first and
second portions of said optical radiation after traveling
along said first and second optical paths, respectively;
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controller coupled to said optical path length varying
mechanism for controlling the optical path length vary-
ing mechanism; and

I3

starting point adjustment device coupled to said con-
troller that determines a point with respect to the
sample to start collecting the position data.

32. The system according to claim 31, wherein said
optical path length varying mechanism comprises a galva-
nometer.

33. The system according to claim 31, wherein said
optical path length varying mechanism comprises a variable
optical delay line.

34. The system according to claim 31, wherein said first
optical path comprises a sample arm terminating in a probe
assembly.

35. The system according to claim 31, wherein said probe
assembly comprises a scanning mechanism.

36. The system according to claim 31, wherein said probe
assembly comprises a transverse or angular scanning mecha-
nism for scanning in at least one transverse or angular
dimension

37. The system according to claim 31, wherein said
detector outputs imaging information.

38. The system according to claim 31, wherein said

second optical path comprises a reference arm terminating in
a reference optical reflector.
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