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Description
CLAIM OF PRIORITY

[0001] The present application claims priority from
U.S. Provisional Application No. 60/704,343 (Attorney
Docket No. 9526-5PR), filed August 1, 2005.

FIELD OF THE INVENTION

[0002] The present invention relates to imaging sys-
tems and, more particularly, to optical coherence imaging
systems.

BACKGROUND OF THE INVENTION

[0003] Optical Coherence Tomography (OCT) is a
technique forimaging into samples, such as tissue, glass
and the like. Recent advances in OCT have increased
the imaging speed, allowing large image sets, such as
three dimensional volumes, to be generated relatively
quickly. As OCT is typically high-speed, non-contact and
non-destructive, it may be useful for imaging dynamics
over short time scales, for example, well below 1.0 sec-
ond, such as the beating of a heart tube in a fruit fly, and
for imaging physiological changes that occur over a long
time scales, for example, over days or even longer, such
as over the time it takes tissues to develop or to respond
to interventions.

[0004] A variety of approaches to imaging using OCT
are known. Such systems may be characterized as Fou-
rier domain OCT (FD-OCT) and time domain OCT (TD-
OCT). FD-OCT generally includes swept source (SS)
and spectral domain (SD), where SD systems generally
use a broadband source in conjunction with a spectrom-
eter rather than a swept laser source and a photodi-
ode(s). TD systems generally rely on movement of a mir-
ror or reference source over time to control imaging depth
by providing coherence depth gating for the photons re-
turning from the sample beingimaged. Each system uses
broadband optical sources, producing a low effective co-
herence that dictates the achievable resolution in the
depth, or axial, direction.

[0005] These imaging techniques are derived from the
general field of Optical Low Coherence Reflectometry
(OLCR); the time domain techniques are derived from
Optical Coherence Domain Reflectometry, swept source
techniques are derived from Optical Frequency Domain
Reflectometry, and spectral domain techniques have
been referred to as "spectral radar."

[0006] In contrast to time domain systems, in FD-OCT
the imaging depth may be determined by Fourier trans-
form relationships between the acquired spectrum, rath-
erthan by the range of a physically scanned mirror, there-
by allowing concurrent acquisition of photons from all im-
aged depths in the sample. Specifically, in FDOCT, the
optical frequency interval between sampled elements of
the spectrum may be used to control the imaging depth,
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with a narrower sampling interval providing a deeper im-
aging capability.

[0007] The use of OCT to make accurate, quantitative
measurements over time, may be difficult due to the chal-
lenge of ensuring, among other things, that measure-
ments made at different times are taken from the same
place in the sample.

[0008] With the advent of FD-OCT techniques, .it be-
comes possible to generate practical 3D images, and
from these 3D images a planar en-face image. One tech-
nique for generating an en-face view and correlating
depth-resolved features with landmarks observed on this
en-face view are discussed in Simultaneous acquisition
of sectional and fundus ophthalmic images with spectral-
domain optical coherence tomography by Jiao et al. (24
January 2005/ Vol. 13, No. 2/ OPTICS EXPRESS 445).
[0009] InUS2005/0111720 A1 a method for analyzing
three dimensional data sets based upon maximum inter-
ference projection images is described.

SUMMARY OF THE INVENTION

[0010] Some embodiments of the present invention
provide methods of analyzing three dimensional data
sets obtained from a sample over time. A first three di-
mensional data set is obtained from the sample at a first
time. A first volume intensity projection (VIP) image is
created from the first three dimensional data set. One or
more first landmarks are identified and registered in the
first VIP image. A second three dimensional data set is
obtained from the sample at a second time, different from
the first time. A second VIP image is created from the
second three dimensional data set. The one ore more
firstlandmarks are identified and registered in the second
VIP image. The first and second VIP images are aligned
based on the registered one or more first landmarks in
the first and second VIP images according to the claims.
[0011] Infurtherembodiments of the presentinvention,
one or more subject areas within the three dimensional
data set may be registered to the first VIP image. The
first and second VIP images may be aligned based on
the registered at least one first landmark to locate the
registered subject area of the first three dimensional data
set in the second three dimensional data set so as to
allow comparison of the registered subject area in the
first and second three dimensional data sets at the re-
spective first and the second times.

[0012] In still further embodiments of the present in-
vention, an attribute of the registered subject area of the
first three dimensional data set may be measured and
an attribute of the located subject area of the second
three dimensional data set may be measured. The meas-
ured attributes of the registered and located subject ar-
eas may be compared so as to allow comparison of the
subject areas at the first and second times. In certain
embodiments of the present invention, the first and sec-
ond three dimensional data sets may be optical coher-
ence tomography (OCT) data sets.



3 EP 1 910 997 B1 4

[0013] In some embodiments of the present invention,
the second three dimensional data set may be rotated to
align an axis of the second three dimensional data set
with an axis of the first three dimensional data set to ob-
tain a rotated three dimensional data set. A rotated VIP
image may be created based on the rotated three dimen-
sional data set.

[0014] Infurtherembodiments of the presentinvention,
one or more subject areas may be registered within the
first three dimensional data set to the first VIP image .
The one or more first landmarks may be registered and
identified on the rotated VIP image. The first and rotated
VIP images may be aligned based on the registered at
least one first landmark in the first and rotated VIP imag-
es. The first and rotated VIP images may be aligned
based on the registered at least one first landmark to
locate the registered subject area of the first three dimen-
sional data set in the rotated three dimensional data set
so as to allow comparison of the registered subject area
and the located subject area of the first and rotated im-
ages, respectively.

[0015] In still further embodiments of the present in-
vention, an attribute of the registered subject area of the
first three dimensional data set may be measured and
an attribute of the located subject area of the rotated three
dimensional data set may be measured. The measured
attributes of the registered and located common subject
areas may be compared so as to allow comparison of
the subject areas in the first and rotated three dimension-
al data sets.

[0016] Some embodiments of the present invention
provide methods for analyzing three dimensional data
sets obtained from a sample, including obtaining a first
three dimensional data set from the sample at a first time.
A first volume intensity projection (VIP) image is created
from the first three dimensional data set. A second three
dimensional data set is obtained from the sample at a
second time, different from the first time. The second
three dimensional data set is rotated to align an axis of
the second three dimensional data set with an axis of the
first three dimensional data set to obtain a rotated three
dimensional data set. A rotated VIP image is created
based on the rotated three dimensional data set.
[0017] Infurtherembodiments of the presentinvention,
one or more first landmarks may be identified and regis-
tered in the first VIP image. One or more subject areas
in the first three dimensional data set may be registered
to the first VIP image. One or more of the first landmarks
may be identified and registered on the rotated VIP im-
age. The first and rotated VIP images may be aligned
based on the registered one or more first landmarks in
the first and rotated VIP images. The first and rotated
VIP images may be aligned based on the registered at
least one first landmark to locate the registered subject
area in the first three dimensional data set in the rotated
three dimensional data set so as to allow comparison of
the registered and located subject areas at the first and
second times.
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[0018] In still further embodiments of the present in-
vention, an attribute of the registered subject area of the
first three dimensional data set may be measured and
an attribute of the located subject area of the rotated three
dimensional data set may be measured. The measured
attributes of the registered and located subject areas are
compared so as to allow comparison of the subject areas
in the first and rotated three dimensional data sets . In
certain embodiments of the present invention, the first,
second and rotated three dimensional data sets are op-
tical coherence tomography (OCT) data sets.

[0019] Some embodiments of the present invention
provide methods of analyzing data sets obtained from a
sample over time, including identifying and registering
one or more landmarks in first and second volume inten-
sity projection (VIP)images created from first and second
three dimensional data sets, respectively. The first and
second VIP images may be aligned based on the regis-
tered at least one first landmark to locate a common sub-
ject area in the first and second three dimensional data
sets so as to allow comparison of the common subject
area in the first and second three dimensional data sets
at the first and the second times, respectively.

[0020] Although embodiments of the presentinvention
are discussed primarily above with respect to method
embodiments, system and computer program product
embodiments are also provided herein.

BRIEF DESCRIPTION OF THE DRAWINGS
[0021]

Figure 1 is a block diagram of a data processing sys-
tem according to some embodiments of the present
invention.

Figure 2 is a more detailed block diagram of data
processing systems according to some embodi-
ments of the present invention.

Figure 3 is a schematic block diagram illustrating an
optical coherence tomography (OCT) system ac-
cording to some embodiments of the present inven-
tion.

Figure 4 is a schematic diagram that illustrates cre-
ation of a Fundus image according to some embod-
iments of the present invention.

Figure 5 is a schematic diagram illustrating align-
ment of two images according to some embodiments
of the present invention.

Figure 6 is a flowchart illustrating methods for align-
ing two or more images according to some embod-
iments of the present invention.

Figure 7 is a schematic diagram illustrating Fundus
images orthogonal to A-scan and rotated relative to
A-scan according to some embodiments of the
present invention.

Figures 8 through 13 are flowcharts illustrating op-
erations for analyzing three dimensional data sets
obtained from a sample according to various embod-
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iments of the present invention.
DETAILED DESCRIPTION OF THE INVENTION

[0022] The present invention now will be described
more fully hereinafter with reference to the accompany-
ing figures, in which embodiments of the invention are
shown. This invention may, however, be embodied in
many alternate forms and should not be construed as
limited to the embodiments setforth herein. Like numbers
refer to like elements throughout the description of the
figures.

[0023] The terminology used herein is for the purpose
of describing particular embodiments only and is not in-
tended to be limiting of the invention. As used herein, the
singular forms "a", "an" and "the" are intended to include
the plural forms as well, unless the context clearly indi-
cates otherwise. It will be further understood that the
terms "comprises" and/or "comprising," when used in this
specification, specify the presence of stated features, in-
tegers, steps, operations, elements, and/or components,
but do not preclude the presence or addition of one or
more other features, integers, steps, operations, ele-
ments, components, and/or groups thereof. As used
herein the term "and/or" includes any and all combina-
tions of one or more of the associated listed items.
[0024] Unless otherwise defined, all terms (including
technical and scientific terms) used herein have the same
meaning as commonly understood by one of ordinary
skill in the art to which this invention belongs. It will be
further understood that terms, such as those defined in
commonly used dictionaries, should be interpreted as
having a meaning that is consistent with their meaning
in the context of the relevant art and this specification
and will not be interpreted in an idealized or overly formal
sense unless expressly so defined herein.

[0025] It will be understood that, although the terms
first, second, etc. may be used herein to describe various
elements, these elements should not be limited by these
terms. These terms are only used to distinguish one el-
ement, from another element. Thus, a first element dis-
cussed below could be termed a second element without
departing from the teachings of the present invention.
[0026] The present invention may be embodied as
methods, systems and/or computer program products.
Accordingly, the present invention may be embodied in
hardware and/orin software (including firmware, resident
software, micro-code, efc.). Furthermore, the present in-
vention may take the form of a computer program product
on a computer-usable or computer-readable storage me-
dium having computer-usable or computer-readable pro-
gram code embodied in the medium for use by or in con-
nection with an instruction execution system. In the con-
text of this document, a computer-usable or computer-
readable medium may be any medium that can contain,
store, communicate, propagate, or transport the program
for use by or in connection with the instruction execution
system, apparatus, or device.
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[0027] The computer-usable or computer-readable
medium may be, for example but not limited to, an elec-
tronic, magnetic, optical, electromagnetic, infrared, or
semiconductor system, apparatus, device, or propaga-
tion medium. More specific examples (a nonexhaustive
list) of the computer-readable medium would include the
following: an electrical connection having one or more
wires, a portable computer diskette, a random access
memory (RAM), aread-only memory (ROM), an erasable
programmable read-only memory (EPROM or Flash
memory), an optical fiber, and a portable compact disc
read-only memory (CD-ROM). Note that the computer-
usable or computer-readable medium could even be pa-
per or another suitable medium upon which the program
is printed, as the program can be electronically captured,
via, for instance, optical scanning of the paper or other
medium, then compiled, interpreted, or otherwise proc-
essed in a suitable manner, if necessary, and then stored
in a computer memory.

[0028] The present invention is described below with
reference to block diagrams and/or flowchart illustrations
of devices, methods and computer program products ac-
cording to embodiments of the invention. It is to be un-
derstood that the functions/acts noted in the blocks may
occur out of the order noted in the operational illustra-
tions. For example, two blocks shown in succession may
in fact be executed substantially concurrently or the
blocks may sometimes be executed in the reverse order,
depending upon the functionality/acts involved.

[0029] Some embodiments ofthe presentinvention will
now be discussed with respect to Figures 1 through 11.
As discussed herein, some embodiments of the present
invention provide methods, systems and computer pro-
gram products that use surface projection images, re-
ferred to herein as volume intensity projection (VIP) im-
ages, generated from optical coherence tomography
(OCT) data to align multiple data sets of a sample taken
at different times. It will be understood that VIP images
according to some embodiments of the presentinvention
may also be termed summed voxel projections, Fundus
images, and the like without departing from the scope of
the presentinvention. Using methods, systems and com-
puter program products according to some embodiments
of the present invention, may increase the likelihood or
possibly ensure that measurements of a sample taken
at differenttimes are taken from the same or substantially
the same location in the sample. Various embodiments
of the present invention are discussed below including
hardware and/or software for an OCT system that pro-
vides the capability to generate VIP images from OCT
datasets, align datasets taken at different times and/or
rotate the images to obtain a different view.

[0030] OCT imaging systems may be categorized in
two general categories, time domain OCT (TD-OCT),
where a moving mirror or prism in the reference arm de-
termines the current imaging depth location in the sam-
ple, and Fourier domain OCT (FD-OCT), where there
reference arm is fixed in length and data is acquired over
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a spectrum of wavelengths to change imaging depth lo-
cation in the sample. FD-OCT is typically further catego-
rized into two categories, swept source OCT (SS-OCT)
and spectral domain OCT (SD-OCT). For SS-OCT, anar-
row-linewidth laser is typically swept in wavelength over
time to interrogate the sample at different wavelengths.
For SD-OCT, abroad band (low coherence) source, such
as a superluminscent diode (SLD), is typically used in
conjunction with a spectrometer. It will be understood
that any of these or other functionally similar hardware
implementations may be used to generate the data used
to generate the VIP images without departing from the
scope of the present invention.

[0031] It will also be understood that although some
embodiments of the present invention are discussed
herein with respect to data sets generated using OCT
imaging systems, any three dimensional data set may
be used without departing from the scope of the present
invention. For example, ultrasound data and/or magnetic
resonance imaging (MRI) data may be used in some em-
bodiments.

[0032] OCT systems typically operate by acquiring
depth data at a particular lateral position on the sample,
which may be called an A-scan. The OCT beam is moved
relative to the sample by any of the various depth adjust-
ment approaches described above and another set of
depth data is acquired. These series of depth images
may be combined to form a 2-D image, which may be
called a B-scan. Any scan pattern can generally be used
without departing from the scope of the presentinvention.
For example, commonly used scan patterns include lin-
ear and circular scan patterns. By scanning in two direc-
tions instead of just one, a three dimensional volume of
data can be acquired. Again any scan pattern can gen-
erally be used to create the three dimensional image, for
example, commonly used three dimensional scan pat-
terns include rectangular, sets of radial lines, and sets of
concentric circles.

[0033] OCT data is a measurement of the backscat-
tered reflectivity at each depth in the sample at a given
point. In other words, the contrast in the image is gener-
ally due to variations in the backscattered reflectivity in
the sample. A desirable image set that may be extracted
is a surface projection of the sub-surface scattering data.
One way of generating this type of image is by summing
the OCT data over an A-scan. This value is the total re-
flectivity at that particular lateral position. By applying this
over a volume scan, a 2-D image may be created. This
type of image may be referred to as a Fundus image
when generated from OCT data sets of retina scans.
Generally, this type of image may be referred to as a VIP
image. In some embodiments of the present invention,
this image may be, essentially, a black and white picture
of the sample.

[0034] Various exemplary embodiments of the present
invention will be described herein with reference to align-
ment based on VIP images. As the VIP images are cre-
ated from the OCT data, there is a direct correlation be-
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tween pixels on the VIP image and A-scans in the OCT
data set. Other algorithms to generate a useful VIP-like
image may be used with some embodiments of the
present invention as well, such as by summing over a
limited subset of an A-scan, and/or by weighting the sum
over the A-scan with some selected function suited to a
particular use of the scan information.

[0035] The VIP image can be used to align the OCT
system with respect to the sample in some embodiments
when the VIP image is generated in nearly real time. The
alignment VIP image may be acquired at a lower lateral
resolution, which may increase the rate at which the VIP
images are created. This image may allow the user to
align the system based on OCT data, thus providing a
preview of the OCT dataset. This approach in some em-
bodiments may be more accurate than trying to visually
align the sample to the OCT system or using a video
camera for alignment.

[0036] As multiple OCT data sets are taken and VIP
images are generated from the datasets, according to
some embodiments of the presentinvention, the VIP im-
ages can be used to align OCT datasets taken at different
times and possibly ensure that subject pathologies (tar-
gets) observed within various datasets taken at different
times are from the same location in the sample. In order
to align the images, one or more landmarks in the sample
may be identified and used. As used herein, "landmarks"
refer to elements of the sample, the locations of which
do not significantly change over time, for example, a
branch point of a retinal blood vessel in an eye sample
may be a landmark. Since the locations of the landmarks
do not significantly change over time, the location(s) of
targets may be referenced with respect to the landmarks
and, therefore, these same or similar location(s) can be
located in the future.

[0037] Forexample,in OCT datasets from retinas (eye
samples), the VIP, or Fundus, image typically clearly
shows the location of blood vessels, the optic nerve head,
and the fovea. Using the blood vessels and/or optic nerve
head as landmarks according to some embodiments of
the present invention, two or more retinal images taken
from the same person at different times can be aligned
by aligning the landmarks. The degrees of freedom for
alignment of the samples may include, for example,
translational in X & Y, rotational in theta, and/or scaling
inX&Y.

[0038] As used herein, the VIP plane is orthogonal to
the individual A-scans. However, in some embodiments,
any other plane may be defined by a three-degree of-
freedom rotation about the scan axis. This plane may
then become a reference plane for landmark identifica-
tion, and subsequentimages may be aligned with an orig-
inal image applying these three additional degrees of
freedom.

[0039] Once aligned, one or more measurements can
be made, generally in a direction orthogonal to the ref-
erence Fundus plane, on one or more datasets at the
same location in each dataset for a particular measure-
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ment. These measurements can include almost any val-
ue of interest, relative scattering strength, such as layer
thickness, the distance between two points, the volume
of a cavity or feature, and time-rate-of-change measure-
ments, and/or Doppler flow measurements. By measur-
ing the location of one or more particular points relative
to one or more landmarks over time, velocities and ac-
celerations can be calculated from the change in position
over known time interval(s) and the change in velocity
over known time interval(s).

[0040] Although retinal OCT is discussed herein as an
example for explaining some embodiments of the present
invention, it will be understood that some embodiments
of the present invention may operate for any three di-
mensional datasets, including OCT datasets, such as,
those from an OCT microscope and OCT systems for
endoscopic applications. In some embodiments of the
presentinvention, the landmarks in the sample can either
be part of the sample, such as blood vessels in the retina
and/or artificially introduced landmarks, such as holes
drilled into a MEMS sample or surgically introduced pel-
lets in a tissue sample or painted landmarks without de-
parting from the scope of the present invention.

[0041] In some embodiments of the present invention,
the location of the OCT image acquisition may be sepa-
rated in time and space from the generation of the VIP
image and again from the alignment of multiple images
and again from the acquisition of measurements of inter-
est from the datasets. For example, a portable OCT im-
aging system could be usedin an animal facility to acquire
daily images. The daily images may be transferred over
a network to a central server, where once a week all the
data is processed and longitudinal measurements of ret-
inal thickness are generated.

[0042] In some embodiments of the present invention,
the level of automation in the process may vary. In par-
ticular embodiments, all the operations described herein
for image acquisition may be automated in software, but
varying degrees of reduced automation may be provided
in some embodiments without departing from the scope
of the present invention. For example, in some embodi-
ments, the user may align the multiple VIP images on
the computer screen including the X & Y translation, ro-
tation, and/or X & Y scaling. Furthermore, the determi-
nation of the measurement of interest may be based on
user input and/or may happen automatically in software.
[0043] Details of various embodiments of the present
invention will be discussed below with respect to Figures
1 through 11. Referring first to Figure 1, an exemplary
embodiment of a data processing system 100 suitable
for use in accordance with some embodiments of the
presentinvention will be discussed. The data processing
system 100 typically includes a user interface 144, such
as a keyboard, keypad, touchpad or the like, I/O data
ports 146 and a memory 136 that communicate with a
processor 138. The I/O data ports 146 can be used to
transferinformation between the data processing system
100 and another computer system or a network. These
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components may be conventional components, such as
those used in many conventional data processing sys-
tems, which may be configured to operate as described
herein.

[0044] Referring now to Figure 2, a more detailed block
diagram of the data processing system 100 in accord-
ance with some embodiments of the present invention
will be discussed. The processor 138 communicates with
the memory 136 via an address/data bus 248 and the
I/O data ports 146 via an address/date bus 249. The proc-
essor 138 can be any commercially available or custom
microprocessor. The memory 136 is representative of
the overall hierarchy of memory devices containing the
software and data used to implement the functionality of
the data processing system 100. The memory 136 can
include, but is not limited to, the following types of devic-
es: cache, ROM, PROM, EPROM, EEPROM, flash mem-
ory, SRAM, and DRAM.

[0045] As shown in Figure 2, the memory 136 may in-
clude several categories of software and data used in
the data processing system 100: an operating system
252; application programs 254; input/output (1/0) device
drivers 258; and data 256. As will be appreciated by those
of skill in the art, the operating system 252 may be any
operating system suitable for use with a data processing
system, such as OS/2, AlX or zOS from International
Business Machines Corporation, Armonk, NY,
Windows95, Windows98, Windows2000 or WindowsXP
from Microsoft Corporation, Redmond, WA, Unix or
Linux. The 1/0O device drivers 258 typically include soft-
ware routines accessed through the operating system
252 by the application programs 254 to communicate
with devices such as the I/O data port(s) 146 and certain
memory 136 components. The application programs 254
areillustrative of the programs thatimplement the various
features of the data processing system 100 and prefer-
ably include at least one application that supports oper-
ations according to some embodiments of the present
invention. Finally, the data 256 represents the static and
dynamic data used by the application programs 254, the
operating system 252, the 1/0 device drivers 258, and
other software programs that may reside in the memory
136.

[0046] AsillustratedinFigure 2, the data 256 according
to some embodiments of the present invention may in-
clude three dimensional data sets 250 and 255 obtained
from a sample, for example, an eye. Although the data
256 only includes two sets of data sets 250 and 255,
embodiments of the present invention are not limited to
this configuration. One data set or more than two data
sets may be present without departing from the scope of
the present invention.

[0047] As furtherillustrated in Figure 2, the application
programs 254 may include a data set acquisition module
221, a volume intensity projection (VIP) module 222, a
registration module 223, an alignment module 224, a
comparison module 225 and a rotation module 226 ac-
cording to some embodiments of the present invention.
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While the present invention is illustrated, for example,
with reference to the data set acquisition module 221,
the VIP module 222, the registration module 223, the
alignment module 224, the comparison module 225 and
the rotation module 226 being application programs in
Figure 2, as will be appreciated by those of skill in the
art, other configurations may also be utilized while still
benefiting from the teachings of the present invention.
For example, the data set acquisition module 221, the
VIP module 222, the registration module 223, the align-
ment module 224, the comparison module 225 and the
rotation module 226 may also be incorporated into the
operating system 252 or other such logical division of the
data processing system 100. Thus, the present invention
should not be construed as limited to the configuration
of Figure 2, but is intended to encompass any configu-
ration capable of carrying out the operations described
herein.

[0048] Furthermore, while the data set acquisition
module 221, the VIP module 222, the registration module
223, the alignment module 224, the comparison module
225 and the rotation module 226 are illustrated in a single
data processing system, as will be appreciated by those
of skill in the art, such functionality may be distributed
across one or more data processing systems. Thus, the
present invention should not be construed as limited to
the configuration illustrated in Figures 1 through 2, but
may be provided by other arrangements and/or divisions
of function between data processing systems.

[0049] In particular, the data set acquisition module
221 is configured to obtain three dimensional data sets
from a sample. The three dimensional data sets can be
any type of three dimensional data, for example, sono-
gram data, MRI data and/or OCT data. The data sets
may be obtained from the sample at different times. Hav-
ing data sets of the sample, for example, the human eye,
taken at different times may allow comparison of the sam-
ple to determine if anything in the sample has changed
over time. For example, a first three dimensional data set
may be obtained from the sample at a first time and a
second three dimensional data set may be obtained from
the sample at a second time, different from the first time.
[0050] Once one or more data sets are obtained, the
volume intensity projection (VIP) module 222 may be
configured to create a VIP image from the three dimen-
sional data set. For example, a first VIP image may be
created from the first three dimensional data set and a
second VIP image may be created from the second three
dimensional data set.

[0051] To allow the first and second VIP images to be
compared, the registration module 223 may be config-
ured to identify and register one or more landmarks in
the VIP image(s). As discussed above, landmarks refer
to elements of the sample, the locations of which do not
significantly change over time, for example, a branch
point of a retinal blood vessel in an eye sample may be
a landmark. Since the location of the landmarks do not
significantly change over time, the location(s) of samples
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may be referenced with respect to the landmarks and,
therefore, these same or similar location(s) can be locat-
ed in the future as will be discussed further below.
[0052] Insome embodiments of the present invention,
the registration module 223 may be further configured to
register one or more subject areas in the first VIP image.
As used herein, a "subject area" refers to any area of
interestin the sample, forexample, an area of the sample
that includes cancer cells. This subject area may be lo-
cated in the VIP images taken at various times by the
subject areas relation to the registered landmarks on the
VIP images.

[0053] The alignment module 224 may be configured
to align the first and second VIP images based on the
registered one or more landmarks in the VIP image(s)
as will be discussed further below with respect to Figure
5. In particular, an alignment module configured to align
the first and second VIP images based on the registered
one or more landmarks in the first and second VIP im-
ages. The alignment module 224 may be further config-
ured to align the first and second VIP images based on
the registered one or more landmarks to locate the reg-
istered subject area of the first three dimensional data
set in the second three dimensional data set so as to
allow comparison of the registered subject area in the
first and second three dimensional data sets at the re-
spective first and the second times. Thus, according to
some embodiments of the present invention, a change
in the subject area of the sample may be monitored over
time so as to allow a determination of whether the con-
dition being monitored is the same, better or worse.
[0054] The comparison module 225 may be configured
to measure an attribute of the registered subject area of
the first three dimensional data set. As used herein, an
attribute of the subject area can be any aspect of the
subject area that may be of interest. For example, an
attribute of the subject area may be the size of the area
affected by cancer. The comparison module 225 may be
further configured to measure an attribute of the subject
area located in the second three dimensional data set
based on the registered subject area in the first three
dimensional data set. In some embodiments of the
present invention, the comparison module 225 may be
configured to compare the measured attributes of the
registered and located subject areas so as to allow com-
parison of the subject areas at the first and second times.
Thus, according to some embodiments of the present
invention, three dimensional data sets created at different
times containing the subject area of the sample may be
compared. This comparison may be used to, forexample,
determine if the monitored condition is the same, worse
or better.

[0055] In some embodiments of the present invention,
the rotation module 226 may be configured rotate a three
dimensional data set to align an axis of the three dimen-
sional data set with an axis of the second three dimen-
sional data set. For example, an axis of the first three
dimensional data set may be rotated to align an axis of
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the first three dimensional data set with an axis of the
second three dimensional data set to obtain a rotated
three dimensional data set. In these embodiments of the
present invention, the VIP module 222 may be further
configured to create a rotated VIP image based on the
rotated three dimensional data set.

[0056] In some embodiments of the present invention,
the registration module 223 may be further configured to
register one or more subject areas in the first VIP image
and identify and register the one or more landmarks on
the rotated VIP image. The alignment module 224 may
be further configured to align the first and rotated VIP
images based on the registered one or more landmarks
in the first and rotated VIP image and align the first and
rotated VIP images based on the registered one or more
landmarks to locate the registered subject area in the
first three dimensional data set in the rotated three di-
mensional data set so as to allow comparison of the reg-
istered subject area and the located subject area of the
firstand rotated three dimensional data set, respectively.
[0057] Exemplary embodiments of the present inven-
tion will now be discussed with respect to a Fundus im-
age, a Fundus image being a VIP originating from an
OCT image of a retina. Although embodiments of the
present invention are discussed herein with respect to
Fundus images, embodiments of the present invention
are not limited to this configuration. For example, any
VIP image could be used without departing from the
scope of the present invention.

[0058] Referring now to Figure 3, a schematic block
diagram illustrating an OCT system according to some
embodiments of the present invention will be discussed.
As illustrated in Figure 1, the OCT system includes a
computer running software 300 and an OCT imaging sys-
tem 301. Figure 1 also illustrates the components of the
software (memory) 302 running on the computer 300. As
illustrated, the computer 300 is connected to the OCT
imaging system 301. The computer executes software
that may be resident in memory 302. Various software
modules in the memory 302 may, among other things,
process raw data to create OCT image datasets, for ex-
ample, A-scans, B-scans and/or volume images 302a,
generate Fundus or VIP images from the OCT datasets
302b, display data to a user display, for example, a mon-
itor, or the like 302c, and/or store data 302d.

[0059] Referring now to Figure 4, a schematic diagram
illustrating creation of a Fundus image according to some
embodiments of the present invention will be discussed.
As illustrated in Figure 4, the OCT dataset 400 may be
converted into a Fundus image 401 by taking the raw
spectral data 410, subtracting the DC spectrum to pro-
vide the spectrum after subtracting the DC spectrum 411,
and squaring and summing the remaining spectrum to
arrive at a number that is the measure of total reflectivity
412. This is repeated for the A-scans in the three dimen-
sional dataset to generate a 2D image (the Fundus im-
age) 401. The same procedure can be used to generate
1D line image 403 from a 2D B-scan 402.
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[0060] Referring now to Figure 5, a schematic diagram
illustrating alignment of two images according to some
embodiments of the present invention will be discussed.
As illustrated in Figure 5, once the Fundus images are
generated, multiple OCT datasets can be aligned using
landmarks 510 on the Fundus image. In particular, a
measurement is taken in the Fundus image 1 500 from
a particular A-scan 501 at a point relative to two land-
marks. A second OCT dataset is acquired at a later time
and aFundusimage 2502 is generated from that dataset.
By aligning the two Fundus images 500 and 502, the
same measurement location can be determined and the
second A-scan 503 from the same location can be se-
lected. This may work for any number of OCT datasets
and Fundus images. Also, the number of landmarks 510
can vary and the measurement to be acquired can be
almost anything in various embodiments, including thick-
ness measurements, distance measurements, volume
measurements, Doppler flow measurements, and/or oth-
er measurements.

[0061] Referring now to Figure 6, a flowchart illustrat-
ing methods for aligning two or more images according
to some embodiments of the present invention will be
discussed. As illustrated in Figure 6, operations begin
with retrieving and/or acquiring OCT image datasets
(block 600). Fundus images may be generated at block
600. Landmarks are identified, for example, as described
above using Fundus images (block 601). The images are
moved and scaled to provide alignment based on the
identified landmarks (block 602). Data is extracted from
the aligned images (block 603).

[0062] Referring now to Figure 7, a schematic diagram
illustrating Fundus images orthogonal to A-scan and ro-
tated relative to A-scan according to some embodiments
of the present invention will be discussed. The embodi-
ments illustrated in Figure 7 may, in some respects, cor-
respond to those described with reference to Figure 4.
However, in the embodiments of Figure 7, the Fundus
image plane 701 is rotated in 1, 2 and/or 3 axis relative
to the A-scan 700. The Fundus image plane 701 is illus-
trated with as containing landmarks 702 for reference
and alignment of multiple OCT datasets and the proce-
dure for longitudinal data extraction may remain gener-
ally the same.

[0063] Operations according to some embodiments of
the present invention will now be discussed with respect
to the flowcharts of Figures 8 through 13. Referring first
to Figure 8, operations for analyzing three dimensional
data sets obtained from a sample over time will be dis-
cussed. Operations begin at block 800 by obtaining a
first three dimensional data set from the sample at a first
time. The three dimensional data set may be any three
dimensional data set without departing from the scope
of the present invention. For example, the three dimen-
sional data set may be sonogram data, MRI data and/or
OCT data. Afirst VIP image is created from the first three
dimensional data set (block 810). One or more first land-
marks may be registered on the first VIP image (block
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820). Landmarks refer to elements of the sample, the
locations of which do not significantly change over time,
for example, a retina in an eye sample may be a land-
mark. A second three dimensional data set is obtained
from the sample at a second time, different from the first
time (block 830). A second VIP image is created from
the second three dimensional data set (block 840). The
one or more landmarks are identified and registered in
the second VIP image (block 850). The first and second
VIP images may be aligned based on the registered one
or more landmarks in the first and second VIP images
as discussed above with respect to Figure 5 (block 860).
[0064] Operations according to further embodiments
of the present invention will now be discussed with re-
spect to the flowchart of Figure 9. As illustrated therein,
one or more subject areas may be registered in the first
VIP image (block 925). As discussed above, a subject
area is any area of interest in the sample. The second
three dimensional data set may be rotated to align an
axis of the second three dimensional data set with an
axis of the first three dimensional data set to obtain a
rotated three dimensional data set (block 935). A rotated
VIP image may be created based on the rotated three
dimensional data set (block 945). The one or more first
landmarks may be identified and registered in the rotated
VIP image (block 955).

[0065] Thefirstand rotated VIP images may be aligned
based on the registered one or more first landmarks in
the first and rotated VIP images (block 965). In some
embodiments of the present invention, alignment may
include aligning the first and rotated VIP images based
on the registered one or more first landmarks to locate
the registered subject area in the first three dimensional
data set in the rotated three dimensional data set so as
to allow comparison of the registered subject area and
the located subject area of the first and rotated three di-
mensional data set, respectively.

[0066] An attribute of the registered subject area of the
first three dimensional data set may be measured and
an attribute of the located subject area of the rotated three
dimensional data set may be measured (block 975). The
measured attributes of the registered and located com-
mon subject areas may be compared so as to allow com-
parison of the subject areas in the first and rotated three
dimensional data set (block 985).

[0067] Operations for analyzing three dimensional da-
ta sets obtained from a sample according to further em-
bodiments of the present invention will now be discussed
with respect to the flowchart of Figure 10. Operations
begin at block 1000 by obtaining a first three dimensional
data set from the sample at a first time. A first volume
intensity projection (VIP) image is created from the first
three dimensional data set (block 1010). A second three
dimensional data set is obtained from the sample at a
second time, different from the first time (block 1023).
The second three dimensional data set is rotated to align
an axis of the second three dimensional data set with an
axis of the first three dimensional data set to obtain a
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rotated three dimensional data set (block 1033). Arotated
VIP image is created based on the rotated three dimen-
sional data set (block 1043).

[0068] Operations for analyzing data sets obtained
from a sample over time according to further embodi-
ments of the presentinvention will now be discussed with
respect to the flowchart of Figure 11. Operations begin
at block 1120 by identifying and registering one or more
landmarks in first and second VIP images created from
first and second three dimensional data sets, respective-
ly. The first and second VIP images are aligned based
on the registered at least one first landmark to locate a
common subject area in the first and second three di-
mensional data sets so as to allow comparison of the
common subject area in the first and second three di-
mensional data sets at the first and the second times,
respectively (block 1147).

[0069] Operations for analyzing data sets obtained
from a sample over time according to further embodi-
ments of the presentinvention will now be discussed with
respect to the flowchart of Figure 12. Operations begin
at block 1200 by acquiring a first volumetric image from
a first three dimensional data set. It is determined if the
volumetric image corresponds to a desired viewing axis
(block 1205). Ifit is determined that the volumetric image
does not correspond to a desired viewing axis (block
1205), the three dimensional data set is rotated and in-
terpolated about the imaging axis until the desired view-
ing axis is obtained (block 1210) and operations proceed
to block 1215 discussed below.

[0070] If, on the other hand it is determined that the
volumetricimage does correspond to the desired viewing
axis (block 1205), a VIP image is created having an en
face plane thatis normal to the viewing axis (block 1215).
One or more landmarks may be identified on the VIP
image (block 1220). The locations of one or more subject
areas (target pathologies) may be registered to the one
or more landmarks on the VIP image (block 1225).
[0071] A second or next volumetric image is acquired
(block 1230). It is determined if the second or next volu-
metric image corresponds to a desired viewing axis
(block 1235). If it is determined that the second or next
volumetric image does not correspond to a desired view-
ing axis (block 1235), the three dimensional data set is
rotated and interpolated about the imaging axis until the
desired viewing axis is obtained (block 1240) and oper-
ations proceed to block 1245 discussed below.

[0072] If, on the other hand it is determined that the
second or next volumetric image does correspond to the
desired viewing axis (block 1235), a second or next VIP
image is created having an en face plane that is normal
to the viewing axis (block 1245). The one or more land-
marks may be identified on the second or next VIP image
(block 1250). The locations of one or more subject areas
(target pathologies) may be registered to the one or more
landmarks on the VIP image (block 1255). Attributes of
subject areas of the first and second VIP images may be
compared as discussed above (block 1260). Operations
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of blocks 1230 through 1260 may repeat until all images
have been processed.

[0073] Operations for analyzing data sets obtained
from a sample over time according to further embodi-
ments of the present invention will now be discussed with
respect to the flowchart of Figure 13. Operations begin
at block 1300 by acquiring a first volumetric image from
a first three dimensional data set. The axis of the three
dimensional data set may be rotated (block 1305) and
interpolated to a regular grid (block 1310). A first VIP
image is created (block 1315). One or more landmarks
may be identified and registered on the first VIP image
(block 1320). The locations of one or more subject areas
(target pathologies) may be registered to the one or more
landmarks on the first VIP image (block 1325).

[0074] A second or next volumetric image is acquired
(block 1330). The axis of the second or next three dimen-
sional data set may be rotated to match the orientation
ofthe first VIP image (block 1335). The three dimensional
data of the second or next volumetric image may be in-
terpolated to a regular grid (block 1340). A second or
next VIP image is created (block 1345). The one or more
landmarks may be identified and registered on the sec-
ond or next VIP image (block 1350). The locations of one
or more subject areas (target pathologies) may be locat-
ed in the second or next VIP image based on the regis-
tered subject area in the first VIP image (block 1355).
Attributes of subject areas of the first and second VIP
images may be compared as discussed above (block
1360). Operations of blocks 1330 through 1360 may re-
peat until all images have been processed.

[0075] In the drawings and specification, there have
been disclosed embodiments of the invention and, al-
though specific terms are employed, they are used in a
generic and descriptive sense only and not for purposes
of limitation, the scope of the invention being set forth in
the following claims.

Claims

1. A method of analyzing three dimensional data sets
obtained from a sample over time, using volume in-
tensity projection (VIP) images generated by sum-
ming over an A-scan of optical coherence tomogra-
phy (OCT) data, comprising:

obtaining a first three dimensional data set (250)
from the sample at a first time;

creating a first volume intensity projection (VIP)
image (500) from the first three dimensional data
set;

identifying and registering at least one first land-
mark (510) in the first VIP image;

obtaining a second three dimensional data set
(255) from the sample at a second time, different
from the first time;

creating a second VIP image (502) from the sec-
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ond three dimensional data set;

identifying and registering the at least one first
landmark (510) in the second VIP image; and
aligning the first and second VIP images (500,
502) based on the registered at least one first
landmark in the first and second VIP images,
wherein the first and second three dimensional
data sets (250, 255) are optical coherence tom-
ography (OCT) data sets,

wherein identifying and registering at least one
first landmark (510) in the first VIP image (500)
is followed by registering at least one subject
area in the first three dimensional data set; and
wherein aligning further comprises aligning the
first and second VIP images (500, 502) based
on the registered at least one first landmark to
locate the registered subject area of the first
three dimensional data set in the second three
dimensional data set so as to allow comparison
ofthe registered subjectareain the first and sec-
ond three dimensional data sets at the respec-
tive first and the second times.

2. The method of Claim 1, further comprising:

measuring an attribute of the registered subject
area of the first VIP image (500) ;

measuring an attribute of the located subject ar-
ea of the second VIP image (502); and
comparing the measured attributes of the regis-
tered and located subject areas so as to allow
comparison of the subject areas at the first and
second times.

3. The method of Claim 1, further comprising:

rotating the second three dimensional data set
(255) to align an axis of the second three dimen-
sional data set with an axis of the first three di-
mensional data set to obtain a rotated three di-
mensional data set; and

creating a rotated VIP image based on the ro-
tated three dimensional data set.

4. The method of Claim 3, wherein identifying and reg-
istering at least one first landmark (510) in the first
VIP image (250) is followed by registering at least
one subject area in the first three dimensional data
set, the method further comprising:

identifying and registering the at least one first
landmark on the rotated three dimensional data
set; and

aligning the first and rotated VIP images based
on the registered at least one first landmark in
the first and rotated VIP images, wherein align-
ing includes aligning the first and rotated VIP
images based on the registered at least one first
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landmark to locate the registered subject area
in the first three dimensional data set in the ro-
tated three dimensional data set so as to allow
comparison of the registered subject area and

ject area of the first three dimensional data set
in the second three dimensional data set so as
to allow comparison of the registered subject ar-
ea in the first and second VI P at the respective

12

first and the second times.

7. The system of Claim 6, further comprising a com-
parison module (225) configured to:

the located subject area of the first and rotated 5
three dimensional data sets, respectively. measure an attribute of the registered subject
area of the first three dimensional data set (250);
The method of Claim 4, further comprising: measure an attribute of the located subject area
of the second three dimensional data set (255);
measuring an attribute of the registered subject 10 and
area of the first three dimensional data set; compare the measured attributes of the regis-
measuring an attribute of the located subject ar- tered and located subject areas so as to allow
ea ofthe rotated three dimensional data set; and comparison of the subject areas at the first and
comparing the measured attributes of the regis- second times.
tered and located common subject areas so as 75
to allow comparison of the subject areas in the 8. The system of Claim 6, further comprising:
first and rotated three dimensional data set. a rotation module (226) configured to rotate the sec-
ond three dimensional data set (255) to align an axis
6. A system for analyzing three dimensional data sets of the second three dimensional data set with an axis
(250, 255) obtained from a sample over time, com- 20 of the first three dimensional data set (250) to obtain
prising: a rotated three dimensional data set, wherein the
VIP module (222) is further configured to create a
a data set acquisition module (221) configured rotated VIP image based on the rotated three dimen-
to obtain a first three dimensional data set (250) sional data set.
from the sample at a first time and a second 25
three dimensional data (255) set from the sam- 9. The system of Claim 8:
ple at a second time, different from the first time;
avolume intensity projection (VIP) module (222) wherein the registration module (223) is further
configured to create a first volume intensity pro- configured to register at least one subject area
jection (VIP) image (500) from the first three di- 30 inthefirstthree dimensional data setand identify
mensional data set and a second VIP image and register the at least one first landmark on
(502) from the second three dimensional data the rotated VIP image; and
set, the VIP images generated by summing over wherein the alignment module (224) is further
an A-scan of optical coherence tomography configured to align the first and rotated VIP im-
(OCT) data; 35 ages based on the registered at least one first
aregistration module (223) configured to identify landmark in the first and rotated VIP image and
and register at least one first landmark (510) in align the first and rotated VIP images based on
the first VIP image (500) and the at least one the registered at least one first landmark to lo-
first landmark in the second VIP image (502); cate the registered subject area in the first three
and 40 dimensional data set in the rotated three dimen-
an alignment module (224) configured to align sional data set so as to allow comparison of the
the first and second VIP images (500, 502) registered subject area and the located subject
based on the registered at least one first land- area of the first and rotated three dimensional
mark (510) in the first and second VIP images, data sets, respectively.
wherein the first and second three dimensional 45
data sets (250, 255) are optical coherence tom- 10. The system of Claim 9, further comprising a com-
ography (OCT) data sets, parison module (225) configured to:
wherein the registration module (223) is further
configured to register at least one subject area measure an attribute of the registered subject
in the first three dimensional data set; and 50 area of the first three dimensional data set;
wherein the alignment module (224) is further measure an attribute of the located subject area
configured to align the first and second VIP im- of the rotated three dimensional data set; and
ages (500, 502) based on the registered at least compare the measured attributes of the regis-
one first landmark to locate the registered sub- tered and located subject areas so as to allow
55

comparison of the subject areas in the first and
rotated three dimensional data sets.

11. A computer program product for analyzing three di-
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mensional data sets obtained from a sample over
time, the computer program product comprising:
computer readable storage medium having compu-
ter readable program code embodied in said medi-
um, the computer readable program code compris-
ing:

computerreadable program code configured to carry
out the steps of the method according to anyone
claims 1 to 6.

12. The method of Claim 1 further comprising:

rotating the first three dimensional data set (250)
about an axis;

interpolating the rotated first three dimensional
data set to a regular grid;

creating a rotated VIP image from the rotated
first three dimensional data set;

identifying and registering at least one second
landmark on rotated VIP image;

registering a second subject area in the rotated
three dimensional data set to landmark on ro-
tated VIP image;

obtaining a third three dimensional data set at a
third time, different from the first and second
times;

rotating and aligning orientation of the third three
dimensional data set to the first rotated three
dimensional data set;

creating a third VIP image from the rotated and
aligned third three dimensional data set;
identifying and registering the at least one sec-
ond landmark on the third VIP image;

deriving alignment between the second at least
one landmarkregistered on rotated VIP and third
VIP images; and

locating the subject area registered in the rotat-
ed three dimensional data set in the third three
dimensional data set based on registration of
the at least one second landmark derived from
the rotated three dimensional data setand align-
ment between the rotated and third VIP images.

13. The method of Claim 12 further comprising:

measuring an attribute of the registered subject
area in the rotated three dimensional data set;

measuring an attribute of the located subject ar-
ea in the third three dimensional data set; and

comparing the attributes of the registered and
located subject areas of the rotated and third
data sets, respectively.

14. The method of Claim 1, wherein the first three di-

mensional data set (250) is rotated about an axis to
provide a rotated first three dimensional data set,
wherein the first VIP image is created from the ro-
tated first three dimensional data set, wherein the
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second three dimensional data set is rotated about
an axis aligned with the rotated first three dimension-
al data set to provide a rotated second three dimen-
sional data set and wherein the second VIP image
is created from the rotated second three dimensional
data set.

15. The method of Claim 14, further comprising:

measuring an attribute of the registered subject
area in the first rotated three dimensional data
set;

measuring an attribute of the located subject ar-
eain the second three dimensional data set; and
comparing the attributes of the registered and
located subject areas of the rotated firstand sec-
ond data sets, respectively.

Patentanspriiche

1.

Verfahren zur Analyse von dreidimensionalen Da-
tensatzen, die aus einer Abtastung liber die Zeit er-
halten werden, unter Verwendung von Volumenin-
tensitatsprojektions- (VIP) Bildern, die durch Sum-
mieren Uber einen A-Scan optischer Koharenztomo-
graphie- (OCT-) Daten generiert werden, umfas-
send:

Erhalten eines ersten dreidimensionalen Daten-
satzes (250) aus der Abtastung zu einer ersten
Zeit;

Erzeugen eines ersten Volumenintensitatspro-
jektions- (VIP) Bilds (500) aus dem ersten drei-
dimensionalen Datensatz;

Identifizieren und Erfassen mindestens eines
ersten Bezugspunktes (510) in dem ersten VIP
Bild;

Erhalten eines zweiten dreidimensionalen Da-
tensatzes (255) aus der Abtastung zu einer
zweiten Zeit, die von der ersten Zeit verschieden
ist;

Erzeugen eines zweiten VIP Bilds (502) aus
dem zweiten dreidimensionalen Datensatz;
Identifizieren und Erfassen des mindestens ei-
nen ersten Bezugspunktes (510)in dem zweiten
VIP Bild; und

Ausrichten des ersten und zweiten VIP Bilds
(500, 502) auf der Basis des erfassten mindes-
tens einen Bezugspunktes in dem ersten und
zweiten VIP Bild;

wobei der erste und zweite dreidimensionale
Datensatz (250, 255) optische Koharenztomo-
graphie- (OCT) Datensétze sind;

wobei das Identifizieren und Erfassen des min-
destens einen ersten Bezugspunktes (510) in
dem ersten VIP Bild (500) von einem Erfassen
mindestens eines Subjektbereichs in dem ers-
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ten dreidimensionalen Datensatz gefolgt wird;
und

wobei das Ausrichten ferner ein Ausrichten des
ersten und zweiten VIP Bilds (500, 502) auf der
Basis des erfassten mindestens einen ersten
Bezugspunktes umfasst, umden erfassten Sub-
jektbereich des ersten dreidimensionalen Da-
tensatzes in dem zweiten dreidimensionalen
Datensatz zu lokalisieren, so dass ein Vergleich
des erfassten Subjektbereichs in dem ersten
und zweiten dreidimensionalen Datensatz zu
der jeweiligen ersten und zweiten Zeit gestattet
wird.

2. Verfahren nach Anspruch 1, ferner umfassend:

Messen eines Attributs des erfassten Subjekt-
bereichs des ersten VIP Bilds (500);

Messen eines Attributs des lokalisierten Sub-
jektbereichs des zweiten VIP Bilds (502); und
Vergleichen der gemessenen Attribute des er-
fassten und lokalisierten Subjektbereichs, so
dass ein Vergleich der Subjektbereiche zu der
ersten und zweiten Zeit gestattet wird.

3. Verfahren nach Anspruch 1, ferner umfassend:

Drehen des zweiten dreidimensionalen Daten-
satzes (255), um eine Achse des zweiten drei-
dimensionalen Datensatzes mit einer Achse des
ersten dreidimensionalen Datensatzes auszu-
richten, um einen gedrehten dreidimensionalen
Datensatz zu erhalten; und

Erzeugen eines gedrehten VIP Bilds auf der Ba-
sis des gedrehten dreidimensionalen Datensat-
zes.

4. Verfahren nach Anspruch 3,
wobei das Identifizieren und Erfassen mindestens
eines ersten Bezugspunktes (510)in dem ersten VIP
Bild (250) von einem Erfassen mindestens eines
Subjektbereichs in dem ersten dreidimensionalen
Datensatz gefolgt wird, wobei das Verfahren ferner
umfasst:

Identifizieren und Erfassen des mindestens ei-
nen ersten Bezugspunktes auf dem gedrehten
dreidimensionalen Datensatz; und

Ausrichten des ersten und gedrehten VIP Bilds
auf der Basis des erfassten mindestens einen
ersten Bezugspunktes in dem ersten und ge-
drehten VIP Bild, wobei das Ausrichten ein Aus-
richten des ersten und gedrehten VIP Bilds auf
der Basis des erfassten mindestens einen ers-
ten Bezugspunktes umfasst, um den erfassten
Subjektbereich in dem ersten dreidimensiona-
len Datensatz in dem gedrehten dreidimensio-
nalen Datensatz zu lokalisieren, so dass ein Ver-
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gleich des erfassten Subjektbereichs und des
lokalisierten Subjektbereichs jeweils des ersten
und gedrehten dreidimensionalen Datensatzes
gestattet wird.

5. Verfahren nach Anspruch 4, ferner umfassend:

Messen eines Attributs des erfassten Subjekt-
bereichs des ersten dreidimensionalen Daten-
satzes;

Messen eines Attributs des lokalisierten Sub-
jektbereichs des gedrehten dreidimensionalen
Datensatzes; und

Vergleichen der gemessenen Attribute des er-
fassten und lokalisierten gemeinsamen Sub-
jektbereichs, so dass ein Vergleich der Subjekt-
bereiche in dem ersten und gedrehten dreidi-
mensionalen Datensatz gestattet wird.

6. System zur Analyse von dreidimensionalen Daten-
satze (250, 255), die aus einer Abtastung uber die
Zeit erhalten werden, umfassend:

ein Datensatz-Erfassungsmodul (221), das ein-
gerichtetist, um einen ersten dreidimensionalen
Datensatz (250) aus der Abtastung zu einer ers-
ten Zeit und einen zweiten dreidimensionalen
Datensatz (255) aus der Abtastung zu einer
zweiten Zeit zu erhalten, die von der ersten Zeit
verschieden ist;

ein Volumenintensitatsprojektions- (VIP) Modul
(222), das eingerichtet ist, um ein erstes Volu-
menintensitatsprojektions- (VIP) Bild (500) aus
dem ersten dreidimensionalen Datensatz und
ein zweites VIP Bild (502) aus dem zweiten drei-
dimensionalen Datensatz zu erzeugen, wobei
die VIP Bilder durch Summieren Uber einen A-
Scan optischer Koharenztomographie-(OCT)
Daten erzeugt sind;

ein Erfassungsmodul (223), das eingerichtet ist,
um mindestens einen ersten Bezugspunkt (510)
in dem ersten VIP Bild (500) und den mindes-
tens einen ersten Bezugspunkt in dem zweiten
VIP Bild (502) zu identifizieren und zu erfassen;
und

ein Ausrichtungsmodul (224), das eingerichtet
ist, um das erste und zweite VIP Bild (500, 502)
auf der Basis des erfassten mindestens einen
ersten Bezugspunktes (510) in dem ersten und
zweiten VIP Bild auszurichten;

wobei der erste und zweite dreidimensionale
Datensatz (250, 255) optische Koharenztomo-
graphie- (OCT) Datensétze sind;

wobei das Erfassungsmodul (223) ferner einge-
richtet ist, um mindestens einen Subjektbereich
in dem ersten dreidimensionalen Datensatz zu
erfassen; und

wobei das Ausrichtungsmodul (224) ferner ein-
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gerichtet ist, um das erste und zweite VIP Bild
(500, 502) auf der Basis des erfassten mindes-
tens einen ersten Bezugspunktes auszurichten,
um den erfassten Subjektbereich des ersten
dreidimensionalen Datensatzes in dem zweiten
dreidimensionalen Datensatz zu lokalisieren, so
dass ein Vergleich des erfassten Subjektbe-
reichs in der ersten und zweiten VIP zur jewei-
ligen ersten und zweiten Zeit gestattet wird.

7. System nach Anspruch 6,

ferner umfassend ein Vergleichsmodul (225), das
eingerichtet ist, um:

ein Attribut des erfassten Subjektbereichs des
ersten dreidimensionalen Datensatzes (250) zu
messen;

ein Attribut des lokalisierten Subjektbereichs
des zweiten dreidimensionalen Datensatzes
(255) zu messen; und

die gemessenen Attribute des erfassten und lo-
kalisierten Subjektbereichs zu vergleichen, so
dass ein Vergleich der Subjektbereiche zur ers-
ten und zweiten Zeit gestattet wird.

System nach Anspruch 6, ferner umfassend:

ein Drehmodul (226), das eingerichtet ist, um den
zweiten dreidimensionalen Datensatz (255) zu dre-
hen, um eine Achse des zweiten dreidimensionalen
Datensatzes mit einer Achse des ersten dreidimen-
sionalen Datensatzes (250) auszurichten, um einen
gedrehten dreidimensionalen Datensatz zu erhal-
ten, wobei das VIP Modul (222) ferner eingerichtet
ist, um ein gedrehtes VIP Bild auf der Basis des ge-
drehten dreidimensionalen Datensatzes zu erzeu-
gen.

System nach Anspruch 8,

wobei das Erfassungsmodul (223) ferner eingerich-
tet ist, um mindestens einen Subjektbereich in dem
ersten dreidimensionalen Datensatz zu erfassen,
und den mindestens einen ersten Bezugspunkt auf
dem gedrehten VIP Bild zu identifizieren und zu er-
fassen; und

wobei das Ausrichtungsmodul (224) ferner einge-
richtet ist, um das erste und gedrehte VIP Bild auf
der Basis des erfassten mindestens einen Bezugs-
punktes in dem ersten und gedrehten VIP Bild aus-
zurichten, und das erste und gedrehte VIP Bild auf
der Basis des erfassten mindestens einen ersten Be-
zugspunktes auszurichten, um den erfassten Sub-
jektbereich in dem ersten dreidimensionalen Daten-
satz in dem gedrehten dreidimensionalen Datensatz
zu lokalisieren, so dass ein Vergleich des erfassten
Subjektbereichs und des lokalisierten Subjektbe-
reichs jeweils des ersten und gedrehten dreidimen-
sionalen Datensatzes gestattet wird.
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10. System nach Anspruch 9, ferner umfassend ein Ver-

gleichsmodul (225), das eingerichtet ist, um:

ein Attribut des erfassten Subjektbereichs des
ersten dreidimensionalen Datensatzes zu mes-
sen;

ein Attribut des lokalisierten Subjektbereichs
des gedrehten dreidimensionalen Datensatzes
zu messen; und

die gemessenen Attribute des erfassten und lo-
kalisierten Subjektbereichs zu vergleichen, so
dass ein Vergleich der Subjektbereiche in dem
erstenund gedrehten dreidimensionalen Daten-
satz gestattet wird.

11. Computerprogrammprodukt zur Analyse von dreidi-

mensionalen Datensatzen, die aus einer Abtastung
Uber die Zeit erhalten werden, wobei das Computer-
programmprodukt umfasst:

ein computerlesbares Speichermedium, das einen
indem Medium verkdrperten computerlesbaren Pro-
grammcode aufweist, wobei der computerlesbare
Programmcode umfasst:

einen computerlesbaren Programmcode, der einge-
richtet ist, um die Schritte des Verfahrens nach ei-
nem der Anspriiche 1 bis 6 durchzuflihren.

12. Verfahren nach Anspruch 1, ferner umfassend:

Drehen des ersten dreidimensionalen Daten-
satzes (250) um eine Achse; Interpolieren des
gedrehten ersten dreidimensionalen Datensat-
zes auf ein regelmaRiges Gitter;

Erzeugen eines gedrehten VIP Bilds aus dem
gedrehten ersten dreidimensionalen Datensatz;
Identifizieren und Erfassen mindestens eines
zweiten Bezugspunktes auf dem gedrehten VIP
Bild;

Erfassen eines zweiten Subjektbereichs in dem
gedrehten dreidimensionalen Datensatz, fir
den Bezugspunkt auf dem gedrehten VIP Bild;
Erhalten eines dritten dreidimensionalen Daten-
satzes zu einer dritten Zeit, die von der ersten
und zweiten Zeit verschieden ist;

Drehen und Ausrichten der Orientierung des
dritten dreidimensionalen Datensatzes mit dem
ersten gedrehten dreidimensionalen Datensatz;
Erzeugen eines dritten VIP Bilds aus dem ge-
drehten und ausgerichteten dritten dreidimensi-
onalen Datensatz;

Identifizieren und Erfassen des mindestens ei-
nen zweiten Bezugspunktes auf dem dritten VIP
Bild;

Ableiten einer Ausrichtung zwischen dem zwei-
ten mindestens einen Bezugspunkt, der aufdem
gedrehten VIP und dritten VIP Bild erfasst wird;
und

Lokalisieren des Subjektbereichs, der in dem
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gedrehten dreidimensionalen Datensatz in dem
dritten dreidimensionalen Datensatz auf der Ba-
sis der Erfassung des mindestens einen zweiten
Bezugspunktes erfasst wird, die von dem ge-
drehten dreidimensionalen Datensatz und der
Ausrichtung zwischen dem gedrehten und drit-
ten VIP Bild abgeleitet wird.

13. Verfahren nach Anspruch 12, ferner umfassend:

Messen eines Attributs des erfassten Subjekt-
bereichs in dem gedrehten dreidimensionalen
Datensatz;

Messen eines Attributs des lokalisierten Sub-
jektbereichs in dem dritten dreidimensionalen
Datensatz; und

Vergleichen der Attribute des erfassten und lo-
kalisierten Subjektbereichs jeweils des gedreh-
ten und dritten Datensatzes.

14. Verfahren nach Anspruch 1,

wobei der erste dreidimensionale Datensatz (250)
um eine Achse gedreht wird, um einen gedrehten
ersten dreidimensionalen Datensatz bereitzustellen,
wobei das erste VIP Bild aus dem gedrehten ersten
dreidimensionalen Datensatz erzeugt wird, wobei
derzweite dreidimensionale Datensatz um eine Ach-
se gedreht wird, die mit dem gedrehten ersten drei-
dimensionalen Datensatz ausgerichtet ist, um einen
gedrehten zweiten dreidimensionalen Datensatz be-
reitzustellen, und wobei das zweite VIP Bild aus dem
gedrehten zweiten dreidimensionalen Datensatz er-
zeugt wird.

15. Verfahren nach Anspruch 14, ferner umfassend:

Messen eines Attributs des erfassten Subjekt-
bereichs in dem ersten gedrehten dreidimensi-
onalen Datensatz;

Messen eines Attributs des lokalisierten Sub-
jektbereichs in dem zweiten dreidimensionalen
Datensatzsubje; und

Vergleichen der Attribute des erfassten und lo-
kalisierten Subjektbereichs jeweils des gedreh-
ten ersten und zweiten Datensatzes.

Revendications

Procédé d’analyse d’ensembles de données tridi-
mensionnelles obtenus a partir d’'un échantillon au
fil du temps, utilisant des images de projection d’in-
tensité volumique (VIP) générées par sommation sur
un balayage A de données de tomographie en co-
hérence optique (OCT), comprenant :

I'obtention d’'un premier ensemble de données
tridimensionnelles (250) a partir de I'échantillon

10

15

20

25

30

35

40

50

55

16

a un premier moment ;

la création d’'une premiéere image de projection
d’intensité volumique (VIP) (500) a partir du pre-
mier ensemble de données tridimensionnelles ;
I'identification et I'enregistrement d’au moins un
premier repére (510) dans la premiéere image
VIP;

I'obtention d’un deuxiéme ensemble de don-
nées tridimensionnelles (255) a partir de
I’échantillon a un deuxi€eme moment différent du
premier moment ;

la création d’'une deuxiéme image VIP (502) a
partir du deuxieme ensemble de données
tridimensionnelles ;

I'identification et I'enregistrement de I'au moins
un premier repére (510) dans la deuxieéme ima-
ge VIP ; et

I'alignement des premiére et deuxiéeme images
VIP (500, 502) sur la base de I'au moins un pre-
mier repére enregistré dans les premiere et
deuxieme images VIP,

dans lequel les premier et deuxiéme ensembles
de données tridimensionnelles (250, 255) sont
des ensembles de données de tomographie en
cohérence optique (OCT),

dans lequel I'identification et I'enregistrement
d’au moins un premier repere (510) dans la pre-
miére image VIP (500) sont suivis par I'enregis-
trement d’au moins une zone objet dans le pre-
mier ensemble de données tridimensionnelles ;
et

danslequell’alignement comprend en outre I'ali-
gnement des premiére et deuxiéme images VIP
(500, 502) sur la base de I'au moins un premier
repére enregistré pour localiser la zone objeten-
registrée du premier ensemble de données tri-
dimensionnelles dans le deuxiéme ensemble de
données tridimensionnelles de maniere a per-
mettre la comparaison de la zone objet enregis-
trée dans les premier et deuxieme ensembles
de données tridimensionnelles aux premier et
deuxiéeme moments respectifs.

2. Procédé de la revendication 1, comprenant en

outre :

la mesure d’un attribut de la zone objet enregis-
trée de la premiére image VIP (500) ;
lamesure d’un attribut de la zone objet localisée
de la deuxiéme image VIP (502) ; et
lacomparaison des attributs mesurés des zones
objets enregistrée etlocalisée de maniére a per-
mettre lacomparaison des zones objets aux pre-
mier et deuxiéme moments.

Procédé de la revendication 1, comprenant en
outre :
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la rotation du deuxiéme ensemble de données
tridimensionnelles (255) pour aligner un axe du
deuxiéme ensemble de données tridimension-
nelles avec un axe du premier ensemble de don-
nées tridimensionnelles pour obtenir un ensem-
ble de données tridimensionnelles tourné ; et
la création d’'une image VIP tournée sur la base
de I'ensemble de données tridimensionnelles
tourné.

4. Procédé de la revendication 3, dans lequel l'identi-
fication et I'enregistrement d’au moins un premier
repére (510) dans la premiéere image VIP (250) sont
suivis par I'enregistrement d’au moins une zone ob-
jet dans le premier ensemble de données tridimen-
sionnelles, le procédé comprenant en outre :

l'identification et I'enregistrement de I'au moins
un premier repere sur I'ensemble de données
tridimensionnelles tourné ; et

I'alignement de la premiére image VIP et de
l'image VIP tournée sur la base de I'au moins
un premier repére enregistré dans la premiere
image VIP et I'image VIP tournée, I'alignement
comportant I'alignement de la premiére image
VIP et de 'image VIP tournée sur la base de I'au
moins un premier repére enregistré pour locali-
ser la zone objet enregistrée dans le premier
ensemble de données tridimensionnelles dans
I'ensemble de données tridimensionnelles tour-
né de maniere a permettre la comparaison de
la zone objet enregistrée et de la zone objet lo-
calisée du premier ensemble de données tridi-
mensionnelles et de 'ensemble de données tri-
dimensionnelles tourné, respectivement.

5. Procédé de la revendication 4, comprenant en
outre :

la mesure d’'un attribut de la zone objet enregis-
trée du premier ensemble de données
tridimensionnelles ;

la mesure d’un attribut de la zone objet localisée
de I'ensemble de données tridimensionnelles
tourné ; et

lacomparaison des attributs mesurés des zones
objets communes enregistrée et localisée de
maniére a permettre la comparaison des zones
objets dans le premier ensemble de données
tridimensionnelles et 'ensemble de données tri-
dimensionnelles tourné.

6. Systéme destiné a analyser des ensembles de don-
nées tridimensionnelles (250, 255) obtenus a partir
d’un échantillon au fil du temps, comprenant :

un module d’acquisition d’ensembles de don-
nées (221) configuré pour obtenir un premier
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ensemble de données tridimensionnelles (250)
a partir de I'échantillon a un premier moment et
un deuxieme ensemble de données tridimen-
sionnelles (255) a partir de I’échantillon a un
deuxieme moment différent du premier
moment ;

un module de projection d’intensité volumique
(VIP) (222) configuré pour créer une premiere
image de projection d’intensité volumique (VIP)
(500) a partir du premier ensemble de données
tridimensionnelles et une deuxiéme image VIP
(502) a partir du deuxieme ensemble de don-
nées tridimensionnelles, les images VIP étant
générées par sommation sur un balayage A de
données de tomographie en cohérence optique
(OCT);

un module d’enregistrement (223) configuré
pouridentifier et enregistrer au moins un premier
repére (510) dans la premiére image VIP (500)
et 'au moins un premier repere dans la deuxié-
me image VIP (502) ; et

un module d’alignement (224) configuré pour
aligner les premiere et deuxiéme images VIP
(500, 502) sur la base de I'au moins un premier
repére enregistré (510) dans les premiére et
deuxieme images VIP,

dans lequel les premier et deuxiéme ensembles
de données tridimensionnelles (250, 255) sont
des ensembles de données de tomographie en
cohérence optique (OCT),

dans lequel le module d’enregistrement (223)
est également configuré pour enregistrer au
moins une zone objet dans le premier ensemble
de données tridimensionnelles ; et

dans lequel le module d’alignement (224) est
également configuré pour aligner les premiere
et deuxieme images VIP (500, 502) sur la base
de I'au moins un premier repére enregistré pour
localiser la zone objet enregistrée du premier
ensemble de données tridimensionnelles dans
le deuxiéme ensemble de données tridimen-
sionnelles de maniére a permettre la comparai-
son de la zone objet enregistrée dans les pre-
miere et deuxiéme VIP aux premier et deuxiéme
moments respectifs.

Systéme de la revendication 6, comprenant en outre
un module de comparaison (225) configuré pour :

mesurer un attribut de la zone objet enregistrée
du premier ensemble de données tridimension-
nelles (250) ;

mesurer un attribut de la zone objet localisée du
deuxieme ensemble de données tridimension-
nelles (255) ; et

comparer les attributs mesurés des zones ob-
jets enregistrée et localisée de maniéere a per-
mettre lacomparaison des zones objets aux pre-
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mier et deuxieme moments.

Systeme de la revendication 6, comprenant en
outre :

un module de rotation (226) configuré pour faire tour-
ner le deuxiéme ensemble de données tridimension-
nelles (255) pour aligner un axe du deuxiéme en-
semble de données tridimensionnelles avec un axe
du premier ensemble de données tridimensionnelles
(250) pour obtenir un ensemble de données tridi-
mensionnelles tourné, le module VIP (222) étant
également configuré pour créer une image VIP tour-
née sur la base de 'ensemble de données tridimen-
sionnelles tourné.

Systeme de la revendication 8 :

dans lequel le module d’enregistrement (223)
est également configuré pour enregistrer au
moins une zone objet dans le premier ensemble
de données tridimensionnelles et identifier et
enregistrer 'au moins un premier repere sur
l'image VIP tournée ; et

dans lequel le module d’alignement (224) est
également configuré pour aligner la premiere
image VIP etl'image VIP tournée sur la base de
I'au moins un premier repére enregistré dans la
premiéere image VIP et I'image VIP tournée, et
aligner la premiére image VIP et I'image VIP
tournée sur la base de I'au moins un premier
repére enregistré pourlocaliserlazone objeten-
registrée dans le premier ensemble de données
tridimensionnelles dans I'ensemble de données
tridimensionnelles tourné de maniére a permet-
tre la comparaison de la zone objet enregistrée
et de la zone objet localisée du premier ensem-
ble de données tridimensionnelles et de I'en-
semble de données tridimensionnelles tourné,
respectivement.

10. Systéme de la revendication 9, comprenant en outre

un module de comparaison (225) configuré pour :

mesurer un attribut de la zone objet enregistrée
du premier ensemble de  données
tridimensionnelles ;

mesurer un attribut de la zone objet localisée de
'ensemble de données tridimensionnelles
tourné ; et

comparer les attributs mesurés des zones ob-
jets enregistrée et localisée de maniéere a per-
mettre la comparaison des zones objets dans le
premier ensemble de données tridimensionnel-
les etI'ensemble de données tridimensionnelles
tourné.

11. Produit-programme informatique destiné a analyser

des ensembles de données tridimensionnelles ob-
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tenus a partir d’'un échantillon au fil du temps, le pro-
duit-programme informatique comprenant :

un support de stockage lisible par ordinateur ayant
un code de programme lisible par ordinateur maté-
rialisé sur ledit support, le code de programme lisible
par ordinateur comprenant :

un code de programme lisible par ordinateur confi-
guré pour réaliser les étapes du procédé selon 'une
quelconque des revendications 1 a 6.

12. Procédé de larevendication 1 comprenant en outre :

la rotation du premier ensemble de données tri-
dimensionnelles (250) autour d’un axe ;
I’interpolation du premier ensemble de données
tridimensionnelles tourné sur une grille
réguliere ;

la création d’'une image VIP tournée a partir du
premier ensemble de données tridimensionnel-
les tourné ;

I'identification et I'enregistrement d’au moins un
deuxieme repere sur 'image VIP tournée ;
I’enregistrement d’'une deuxieme zone objet
dans I'ensemble de données tridimensionnelles
pour repére sur 'image VIP tournée ;
I’'obtention d’un troisieme ensemble de données
tridimensionnelles a un troisieme moment diffé-
rent des premier et deuxieme moments ;
larotation et I'alignement de I'orientation du troi-
siéme ensemble de données tridimensionnelles
sur le premier ensemble de données tridimen-
sionnelles tourné ;

la création d’'une troisieme image VIP a partir du
troisitme ensemble de données tridimension-
nelles tourné et aligné ;

I'identification et I'enregistrement de I'au moins
un deuxiéme repére sur la troisieme image VIP ;
la déduction de 'alignement entre I'au moins un
deuxieme repére enregistré sur l'image VIP
tournée et la troisieme image VIP ; et

la localisation de la zone objet enregistrée dans
I’ensemble de données tridimensionnelles tour-
né dans le troisieme ensemble de données tri-
dimensionnelles sur la base de I'enregistrement
de I'au moins un deuxiéme repére déduit a partir
de I'ensemble de données tridimensionnelles
tourné et de I'alignement entre I'image VIP tour-
née et la troisieme image VIP.

13. Procédé de la revendication 12 comprenant en

outre :

la mesure d’un attribut de la zone objet enregis-
trée dans I'ensemble de données tridimension-
nelles tourné ;

lamesure d’un attribut de la zone objet localisée
dans le troisieme ensemble de données
tridimensionnelles ; et



14.

15.
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la comparaison des attributs des zones objets
enregistrée et localisée de I'ensemble de don-
nées tourné et du troisieme ensemble de don-
nées, respectivement.

Procédé de larevendication 1, dans lequel le premier
ensemble de données tridimensionnelles (250) est
tourné autour d’un axe pour obtenir un premier en-
semble de données tridimensionnelles tourné, dans
lequel la premiére image VIP est créée a partir du
premier ensemble de données tridimensionnelles
tourné, dans lequel le deuxiéme ensemble de don-
nées tridimensionnelles est tourné autour d’un axe
aligné avec le premier ensemble de données ftridi-
mensionnelles tourné pour obtenir un deuxiéme en-
semble de données tridimensionnelles tourné, et
dans lequel la deuxieme image VIP est créée a partir
du deuxiéme ensemble de données tridimensionnel-
les tourné.

Procédé de la revendication 14, comprenant en
outre :

la mesure d’'un attribut de la zone objet enregis-
trée dans le premier ensemble de données tri-
dimensionnelles tourné ;

la mesure d’un attribut de la zone objet localisée
dans le deuxiéeme ensemble de données
tridimensionnelles ; et

la comparaison des attributs des zones objets
enregistrée etlocalisée du premierensemble de
données tourné et du deuxieme ensemble de
données, respectivement.
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