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Description

CLAIM OF PRIORITY

FIELD

[0001] The present invention relates to imaging and, more particularly, to optical coherence tomography (OCT) and
related systems, methods and computer program products.

BACKGROUND

[0002] Spectral Domain (SD)-OCT provides real time images of surface and subsurface structures. In the eye, for
example, OCT can be used to image the cornea, the iris, the crystalline lens and the retina. Typically, the subject being
imaged is a cooperative adult patient having their head positioned in a chin-rest before imaging the eye. The imaging
optics used are typically optimized for the human adult eye, and specifically for imaging of the anterior segment of the
eye, i.e., the cornea to the iris, or the posterior pole of the eye, i.e., the retina. In conventional systems, these distinct
portions of the eye require independent optical imaging systems, and generally cannot be imaged using the same optics.
Furthermore, such systems are now commonly configured with an iris camera, a fundus camera, or a scanning laser
ophthalmoscope (SLO) or line scanning ophthalmoscope (LSO), that provide high speed photographic views of the
respective features of the eye to facilitate alignment of the OCT image, and a record of the location of the OCT image.
[0003] Not all subjects of interest are cooperative as the adult patient. Furthermore, not all subjects of interest have
optical properties that are similar or equivalent to the adult eye, or are even scaled versions of the adult eye. For example,
a rodent eye more closely approximates a spherical, or ball, lens. Imaging the retina of the rodent eye, for either fundus
photography, SLO or LSO imaging, or OCT, typically requires objective optics specifically designed for these ball-lens
systems. Rodents are in an important class of subjects for pre-clinical research that cannot be imaged in a typical clinical
imaging appliance for many reasons. For example, most rodents do not cooperate with chin-rest alignment systems.
Yet rodent imaging is very important for research in ophthalmology and in research of systemic disease processes that
influence neurologic and vascular function. Rodents, for example, mice and rats, are very well suited models for evaluating
biological function as wild-type, are well suited to genetic modification for evaluating specific genotypes and phenotypes,
and provide excellent models for evaluating response to a wide variety of treatments. Accordingly, high resolution, high
throughput imaging systems that provide the highest quality images of ocular structure in rodent models efficiently and
reproducibly may be desired.
[0004] US2006187462A1 discloses a method of acquiring optical coherence tomographic data from a sample. The
method includes the steps of scanning a first location on the sample to obtain a first set of optical coherence tomographic
data, scanning a second location on the sample to obtain a second set of optical coherence tomographic data, and
defining a fiducial position relative to a location on the sample using one of the two sets of optical coherence tomographic
data.
[0005] WO 2007/041125 A1 discloses the features of the preambles of independent claims 1 and 10.

SUMMARY

[0006] The invention relates to an OCT imaging system and a method for OCT imaging having the features of the
respective independent claims. Preferred embodiments are subject-matter of the dependent claims and the following
description.
[0007] The present invention provides optical coherence tomography (OCT) systems for imaging an eye including a
lens system configured to adjust such that the lens system can image both anterior and posterior regions of the eye
without changing any lenses in the lens system.
[0008] In an embodiment of the present invention, the lens system may include three lens complexes, each of the
lens complexes including at least one lens. The lens system may include first, second and third lenses. The first lens
may be a collimator lens and have a focal length of f1; a distance D1A distal to the collimator lens may be a galvanometer
configured to steer a light beam over a region of interest in the eye; the second lens may be a distance D1B distal from
the galvanometer and have a focal length f2; and a distance D2A distal to the second lens may be a plane perpendicular
to an optical axis dividing a distance D2 into two parts, the distance D2A and a distance D2B.
[0009] In still further embodiments of the present invention, the distance D1B and the distance D2A are approximately
equal to the focal length f2 and the distance D2B is variable. In certain embodiments, the distance D1A is adjustable.
The third lens may be an objective lens, has a focal length f3 and may be the variable distance D2B to the right of the plane.
[0010] In some embodiments, the system may further include a distance D_cornea from the objective lens to an
anterior surface of the cornea; a distance D_pivot to a pivot point at a point optically conjugate to a position of the
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galvanometer, where scanning beams cross; and a distance D_focus in air where the optical beams are in focus. D_pivot
may be approximately equal to the focal length f3 beyond the objective lens and wherein distance D_focus may be
determined by the following lens formula: 1/D2B+1/D_focus=1/f3, wherein the index of refraction of a media in which
D2B and D_focus reside is approximately equal to 1.
[0011] In further embodiments of the present invention, the lens system may have a first configuration wherein the
probe bore tip containing the objective lens is extended to increase the distance D2B to a threshold value. The threshold
value may be determined using the lens formula to place a distance D_focus at a proper distance from the objective
lens for imaging the cornea and to optimize a depth of focus to a desired value for imaging the cornea.
[0012] In still further embodiments of the present invention, the lens system may have a second configuration wherein
a handheld probe of the OCT system and the lens system is driven closer to the eye and wherein an operator of the
handheld probe slowly draws the probe bore tip toward a nominal lens position, which shortens the distance D2B,
lengthens a distance D_focus and keeps a distance D_pivot constant. The distance D2B may be between f3 and 2*f3
such that an anterior segment of the eye provides a portion of optical power used to focus an optical beam on intermediate
structures of the eye.
[0013] In some embodiments of the present invention, the lens system may have a third configuration where a handheld
probe of the OCT system is moved closer to the eye and an operator of the probe contracts the probe bore tip back to
a nominal retina position, which occurs when D2B=f3 and continues moving the probe inward until a distance D_cornea
is approximately equal to a design working distance to the eye and a distance D_pivot places a pivot point in an iris plane.
[0014] In further embodiments of the present invention, a reference arm path length of the OCT system may be adjusted
to accommodate subject eye lengths in a sample arm of the OCT system.
[0015] In still further embodiments of the present invention, a reference arm path length of the OCT system may be
adjusted to accommodate subject path lengths to target structures within the eye, target structures ranging from anterior
of the cornea to posterior of the retina. Anterior to posterior structures of a spherical-type sample are imaged continuously
by synchronous coordination of a working distance between an objective lens and an anterior surface of the sample,
and the reference arm path length. The continuous anterior to posterior imaging may be accomplished automatically
using a data processing system, wherein the relationship between working distance and the reference arm path length
is determined by a pre-defined function or look-up table.
[0016] In some embodiments of the present invention, the lens system may have an associated focus adjustment that
enables the OCT system to be focused based on refractive correction.
[0017] In further embodiments of the present invention, the system may be a wide field imaging system providing a
field of view of about equal to or greater than 50 degrees.
[0018] In still further embodiments of the present invention, the system may be a wide field imaging system providing
a field of view of about equal to or greater than 140 degrees in combination with rotation about a pupil.
[0019] In some embodiments of the present invention, the OCT system may be portable such that the OCT system
is provided to the subject where the subject is located. The portable OCT system may be configured to provide imaging
to a subject independent of the orientation of the subject. The portable OCT system may include a video and/or digital
fundus camera.
[0020] In further embodiments of the present invention, the portable OCT system may further include a foot pedal
and/or finger trigger configured to control focus adjustment, reference arm path length adjustment and/or trigger acqui-
sition of an image.
[0021] Still further embodiments of the present invention provided optical OCT imaging systems for imaging an eye,
including optics configured to image an eye having a spherical shape.
[0022] In some embodiments of the present invention, an amount of optical power used to obtain an OCT image of
the eye having a spherical shape is a function of a spherical radius of the eye. The eye may be a rodent eye.
[0023] In further embodiments of the present invention, the system further comprises a telecentric lens that is a doublet
pair configured to create a telecentric plane with a substantially flattened field curvature at the telecentric plane. The
doublet pair may yield a telecentric plane having a field curvature radius of greater than about 100 mm.
[0024] In still further embodiments of the present invention, the system may further include a focusing lens set configured
to have substantially greater power to accommodate the spherical shaped eye. Power for a mouse may be about +80D
and power for a rat having an eye diameter of about 6.4 mm may be about 73 Diopters.
[0025] Some embodiments of the present invention provide methods for imaging an in eye using OCT system including
imaging both anterior and posterior regions of the eye without changing any lenses in the lens system.
[0026] Further embodiments of the present invention provide methods for imaging an eye in an OCT imaging system
including imaging an eye having a spherical shape using optics configured to image spherical shaped objects.
[0027] Still further embodiments of the present invention provide methods for imaging an eye in an OCT imaging
system including imaging continuously from an anterior position of the eye to a posterior position of the eye by synchronous
coordination of a working distance between a lens and a sample and a reference arm path length.
[0028] Some embodiments of the present invention provide computer program products for imaging in an eye using
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OCT systems including computer readable storage medium having computer readable program code embodied in said
medium. The computer readable program code including computer readable program code configured to image both
anterior and posterior regions of the eye without changing any lenses in the lens system.
[0029] Further embodiments of the present invention provide computer program products for imaging in an eye using
OCT systems including computer readable storage medium having computer readable program code embodied in said
medium. The computer readable program code including computer readable program code configured to image an eye
having a spherical shape using optics configured to image spherical shaped objects.
[0030] Still further embodiments of the present invention provide OCT imaging systems for imaging a spherical-type
eye including a source having an associated source arm path; a reference arm having an associated reference arm path
coupled to the source path, the reference arm path having an associated reference arm path length; a sample having
an associated sample arm path coupled to the source arm and reference arm paths; a lens having a focal power optimized
for a diameter of the spherical-type eye; and a reference arm path length adjustment module coupled to the reference
arm, the reference arm path length adjustment module configured to automatically adjust the reference arm path length
such that the reference arm path length is based on an eye diameter of the subject.
[0031] In some embodiments of the present invention the reference arm path length is adjusted to accommodate
subject eye diameters in the sample arm ranging from about 1.0mm to about 15mm.
[0032] In further embodiments of the present invention, a lens system including at least one lens is provided in the
sample arm path and at least one surface of the eye, the lens system having a field curvature that matches a curvature
of a retina of the spherical eye of the subject.
[0033] In still further embodiments of the present invention, the subject may be a mouse, a rat or a macaque.
[0034] Some embodiments of the present invention provide optical imaging lenses for imaging a back surface of a
ball-lens subject or ball-lens type eye including an achromatic doublet pair; and an optical power determined from a
function or table and corresponding to a diameter or curvature of subject surfaces, wherein the optical power is greater
than or equal to +30D.

BRIEF DESCRIPTION OF THE DRAWINGS

[0035]

Figure 1 is a block diagram illustrating a Fourier domain retinal optical coherence tomography system in accordance
with some embodiments of the present invention.
Figure 2 is a block diagram illustrating a Fourier domain corneal optical coherence tomography system in accordance
with some embodiments of the present invention.
Figure 3 is a diagram illustrating an optical system for human retinal imaging in accordance with some embodiments
of the present invention.
Figures 4A and 4B are diagrams illustrating focal conditions at a posterior pole of spherical eye in accordance with
some embodiments of the present invention.
Figures 5A through 5C are diagrams illustrating focal conditions at posterior pole of spherical eye in accordance
with some embodiments of the present invention.
Figures 6A and 6B are diagrams illustrating images of a rodent retina with adult human optimized optics with an
additional positive power doublet pair in accordance with some embodiments of the present invention.
Figures 7A through 7C are diagrams illustrating imaging of an eye with typical telecentric cornea imaging optics in
accordance with some embodiments of the present invention.
Figure 8 is a diagram illustrating high power non-telecentric imaging optic for spherical objects in accordance with
some embodiments of the present invention.
Figure 9 is a diagram illustrating focal field curvature optimization to posterior pole radius of curvature of spherical
eye in accordance with some embodiments of the present invention.
Figures 10A through 10D illustrate sequential imaging with systems in accordance with some embodiments of the
present invention from the cornea to the retina.
Figures 11A through 11C illustrate positions for imaging cornea for lateral resolution in accordance with some
embodiments of the present invention.
Figure 12 is graph illustrating RMS spot size vs. angular field of view in accordance with some embodiments of the
present invention.
Figure 13 is a graph illustrating Objective Power vs. Axial Length /Sphere Diameter in accordance with some
embodiments of the present invention.
Figure 14 is a graph illustrating Path Length Increase vs. Working Distance Decrease Corresponding to Imaging
structures from Anterior to Posterior in accordance with some embodiments of the present invention.
Figure 15 is a graph illustrating Path Length Increase vs. Working Distance Decrease Corresponding to Imaging
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structures from Anterior to Posterior in accordance with some embodiments of the present invention.
Figure 16 a table illustrating design prescription for mouse retinal imaging corresponding to the lens system of Figure
8 and the mouse eye model of Figure 9 in accordance with some embodiments of the present invention.
Figures 17A through 17C are diagrams illustrating three lens complexes including in OCT systems in accordance
with some embodiments of the present invention.
Figure 18 is a block diagram of a data processing system suitable for use in some embodiments of the present
invention.
Figure 19 is a more detailed block diagram of a system according to some embodiments of the present invention.

DETAILED DESCRIPTION OF EMBODIMENTS OF THE INVENTION

[0036] Conventional imaging systems do not provide high quality images of spherical eyes found in, for example,
rodents. As discussed above, the capability of imaging spherical rodent eyes may be very important to clinical research.
Accordingly, some embodiments of the present invention provide imaging systems that provide high quality imaging of
posterior imaging structures of animal models with ball-lens ocular phenotypes. In some embodiments, these imaging
systems of allow imaging of both anterior structures and posterior structures of the eye without changing the imaging
lenses in the system.
[0037] In some embodiments of the present invention, imaging systems are configured to provide a continuous view
of structures from the anterior of the cornea through the posterior, or outer layers, of the retina to the extent of optical
translucency, as a simple function of relative position of the imaging lens to the eye of the subject, for example, by
changing the working distance.
[0038] In some embodiments of the present invention, the imaging system can be applied to photographic, SLO or
LSO, or OCT images of the structures of the subject model.
[0039] In some embodiments of the present invention, an optical prescription is provided for this optical system that
provides for optimal lateral resolution in the imaging of the posterior pole of the subject eye.
[0040] In some embodiments of the present invention, an optical prescription is provided for this optical system that
provides for optimal matching between the field curvature of the focal plane at the retina of the subject eye with the
curvature of the retina of the subject.
[0041] In some embodiments of the present invention, an optical prescription is provided for this optical system that
provides for optimal imaging of the retina of a subject having a ball-lens phenotype, whereby the prescription scales
with the diameter of the subject eye.
[0042] In some embodiments of the present invention, a prescription for alignment and imaging of these subject models
is provided that includes observing an image acquired as the imaging lens is brought into increasingly close proximity
to the subject eye by observing orientation of the structural features of the subject eye as a function of depth.
[0043] In some embodiments of the present invention, a prescription is provided for alignment and imaging of these
subject models that includes modifying alignment of the optical system in response to feedback from the observation of
the image acquired as the imaging lens is brought into increasingly close proximity to the subject eye by observing
orientation of the structural features of the subject eye as a function of depth.
[0044] In some embodiments of the present invention, a prescription for optimizing the quality and performance of an
OCT imaging system is provided by adjusting the reference arm length in coordination with the sample arm length of
the interferometric imaging system in a continuous manner as the imaging system is positioned for imaging structures
from the anterior of the cornea through to the posterior of the retina.
[0045] In some embodiments of the present invention the OCT imaging of arbitrary structures through a ball-lens optic
is provided.
[0046] The adult human eye is a very capable imaging system. The emmetropic human eye focuses distant objects
at the retina, using the refractive power of the cornea and the ocular lens. Close subjects are focused on the retina by
accommodation of the lens, a process that may degrade with age, i.e. presbyopia. The typical human subject requires
some degree of external correction for imperfect refractive properties of the eye. A myopic, or near-sighted, subject,
tends to focus distant objects in front of the retina, and corrective lenses with negative optical power, is required for
normal vision. Conversely, a hyperopic, or far-sighted, subject tends to focus distant objects behind the retina, and may
require corrective lenses with positive power for normal vision. Imaging systems that image the retina therefore generally
are designed to image the emmetropic human eye, with a range of focal corrections from +12 Diopter to -12 Diopter,
and up to +/- 20 Diopters.
[0047] Referring now to Figure 1, a block diagram illustrating a Fourier domain retinal OCT system in accordance with
some embodiments of the present invention will be discussed. As illustrated in Figure 1, the system includes a low
coherence source 100, a reference arm 300 and a sample arm 400 coupled to each other by a beamsplitter 200. The
beamsplitter 200 may be, for example, a fiber optic coupler or a bulk or micro-optic coupler without departing from the
scope of the present invention. In some embodiments, the beamsplitter 200 may provide from about a 50/50 to about
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a 90/10 split ratio. As further illustrated in Figure 1, the beamsplitter 200 is also coupled to a frequency sampled detection
module 600 over a path 605 that may be provided by an optical fiber.
[0048] As further illustrated in Figure 1, the source 100 is coupled to the beamsplitter 200 by a source path 105. The
source 100 may be, for example, an SLED or tunable source. The reference arm 300 is coupled to the beamsplitter over
a reference arm path 305. Similarly, the sample arm 400 is coupled to the beamsplitter 200 over the sample arm path
405. In some embodiments of the present invention, the source path, the reference arm path and the sample arm path
may all be provided by optical fiber.
[0049] In accordance with some embodiment of the present invention, the reference arm 300 further includes a colli-
mator assembly 310, a variable attenuator 320 that can be neutral density or variable aperture, a mirror assembly 330,
a reference arm variable path length adjustment 340 and a path length matching position 345, i.e. optical path length
reference to sample. As further illustrated, the sample arm 400 according to some embodiments of the present invention
may include a dual-axis scanner assembly 410 and an objective lens variable focus 420.
[0050] The sample in Figure 1 is an eye 500 including a cornea 510, iris/pupil 520, ocular lens 530 and eye length
540. As will be discussed in detail herein, the eye length in accordance with some embodiments of the present invention
may be a subject specific, age dependent, pathology dependent axial optical eye length. As further illustrated in Figure
1, a representation of an OCT imaging window 700 is illustrated near the eye 500. As will be discussed further below,
the retinal imaging system relies in the optics of the subject eye 500 to image the posterior structures of the eye.
[0051] Figure 2 is a block diagram illustrating a Fourier domain (FD) cornea OCT system in accordance with some
embodiments of the present invention. As illustrated therein, the system of Figure 2 is very similar to the system of Figure
1. However, the objective lens variable focus is not included. The anterior imaging system of Figure 2 images the anterior
structures directly, without reliance on the optics of the subject to focus on the anterior structures.
[0052] It will be understood that the refractive properties of the subject eye do impact the imaging, and such refractive
properties may be accounted for in quantitative image correction as discussed in United States Patent No. 7,072,047
to Westphal et al. Furthermore, imaging of intermediate structures, including the ocular lens, may be accomplished with
appropriately designed optics. In many cases, interference, and thus imaging, is achieved in FDOCT image systems
over a range of depths defined by an optical path-length matched condition between a reference reflection and back-
scattering from structures in the sample, bound by the ability to resolve high frequency components in a resultant spectral
interferogram. Imaging conditions for FDOCT, including spectrometer-based (SDOCT) and swept-source-based con-
figurations, are well known in the art.
[0053] Referring now to Figure 3, a diagram illustrating a representative imaging system for adult human retinal OCT
will be discussed. A sample arm signal is transferred by optical fiber to the scanning imaging system 400. The scanning
imaging system may include the sample arm 400 and scanner assembly. The broadband light from the fiber is collimated
403, delivered to a 2-axis galvometric scanning system 410 (dual-axis scanner assembly), and imaged to telecentric
imaging plane 435 with lens doublet 430. The telecentric imaging plane 435 has a field radius of curvature, for example,
of 16 mm, and is a conjugate to the input optical fiber. The scanning system sweeps a beam across this telecentric
plane, which is subsequently imaged to the retina using objective lens set 440 (lens doublet pair) and the optics of the
eye. An important attribute of the retinal imaging system is the existence of a pivot point 445 that is conjugate to galvometric
scanners. At the pivot plane 445, the telecentric scanning at 435 is converted into a sweeping scan that maps of a field
of view of the retina. Vignette-free imaging is achieved by locating the pivot point 445 nominally within the pupil of the
subject eye. A well-design imaging system can image without dilation of the eye, though dilation reduces sensitivity to
the placement of the pivot point, a key aspect to accurate subject position and thus image quality. In the emmetropic
imaging condition, the scanned rays that are the image of the input fiber at plane 435 are collimated by the lens set 440.
The beams do not focus, but sweep out an angular pattern in the far field 450, pivoting around the galvo conjugate point
445. The far field 450 may be a radial-telecentric image plane, which is conjugate to the telecentric image plane 435
and has a field radius of curvature in air of about 7.1mm. Optical power can be added or subtracted to correct for
hyperopia or myopia by modifying the separation of the lenses in the lens set 440.
[0054] Referring now to Figures 4A and 4B, diagrams illustrating focal condition at posterior pole of a spherical eye,
such as a mouse eye, in accordance with some embodiments of the present invention will be discussed. The imaging
in Figure 4 was modeled using human optimized optics as in Figure 3, with emmetropic (zero Diopter) correction, shown
as a function of working distance between the lens 440 and the cornea 510 of the rodent eye. The rodent eye is not well
modeled as a scaled version of the human eye. The rodent eye is very nearly a spherical, or ball lens as illustrated in
Figures 4A and 4B. The rodent eye 500 has similar structures to the human eye, including cornea 510, vitreous humor
515, pupil 520, lens 530, and retina 550. However, the shape of the cornea 510 and lens 530 are much more spherical.
Figures 4A and 4B illustrate the capability of the emmotropic adult human optics illustrated in Figure 3 to image the
rodent eye (spherical eye) of Figure 4. The diagrams of Figure 4 actually model the eye of a mouse having a diameter
of 3.2 mm. Figure 4A illustrates the bundle of scanned rays 437 imaged to the retina with the pivot point 447 positioned
within the pupil 520. The rays 451 are unable to focus at the retina. On a human eye, the on-axis rms spot size for the
emmetropic subject is about 4.5 mm. In the mouse model, the spot size with these optics is 39mm. Improvement might
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be anticipated by increasing the working distance between objective optics and subject, thus, moving the pivot point
outward. However, the spot size only improves to about 38.8mm, and the field of view is constrained. Vignetting becomes
a significant problem. This problem is not adequately addressed by adding focusing power to the adult-optimized optics.
[0055] As illustrated in Figure 5 the focusing on the rodent retina is not substantially improved by increasing the optical
power of the of the human-optimized objective lens from 0 Diopter illustrated in Figure 5A, to +20Diopter illustrated in
Figure 5B (the extent of typical clinical retinal OCT systems), or to +80 Diopter illustrated in Figure 5C. As the power is
increased, the ball-lens optics makes it impossible to image the adult-optimized optics onto the retinal surface. Repre-
sentative focal points are highlighted as structures 453, 454 and 455, respectively.
[0056] In practice, it has been shown that some improvement can be achieved by adding an additional high power
focusing optics between the adult imaging lens and the subject eye as illustrated, for example, in Figure 6A. An optimized
auxiliary doublet pair 800 improves focusing on the retina, yielding an on-axis rms spot of about 2.0 um. However, the
pivot point is substantially broadened into a pivot area 448, cannot be driven into the pupil, and the field of view is highly
constrained, as demonstrated by the RMS Spot Diameter vs. Field of View graph illustrated in Figure 12. This solution
is, however, much better than the use of a single achromat solution most commonly applied. The single achromat yields
an on axis rms spot of about 30mm.
[0057] It will be understood that an anterior imaging lens, and specifically a cornea imaging lens, is nominally subject
independent. A representative anterior imaging optic is shown in Figure 7A. A simple doublet 432 scans telecentrically
and focus at a prescribed working distance. The cornea can be imaged by placing the cornea at the appropriate focal
working distance as shown in Figure 7B. The rays 467 can focus anywhere in the cornea by adjusting the working
distance, and the reference arm position to maintain appropriate path-matching. This optic cannot image the retina, as
all scanned rays focus in on one broad spot 457 as seen in Figure 7C.
[0058] A solution to imaging the ball-lens phenotype of the rodent eye in accordance with some embodiments of the
present invention is illustrated in Figure 8. The basic elements are shared in common with the human imaging system:
collimator, scanning galvos, telecentric lens, and focusing optics. The optics are substantially redesigned and optimized
for imaging through spherical media. The telecentric lens 434 is a doublet pair, creating a telecentric plane with a
substantially flattened field curvature at the telecentric plane 435. This doublet pair consists of two 100 mm focal length
lenses, and yields a telecentric plane with a field curvature radius of 103 mm, as compared to the field curvature of a
single achromat lens in a similar configuration of 16 mm. The focusing lens set 442 is pre-set to have substantially
greater power in order to accommodate the ball-lens of the subject. For the mouse, two 25 mm focal length achromats
are set for nominal power of +80D. The separation between the galvos 410 and the proximal doublet pair 434 is 50 mm.
The proximal doublet pair is separated from the distal doublet pair 442 by 65 mm. For the rat, with an eye diameter of
6.4 mm, the nominal power of the lens set 442 is 73.3 Diopters. The nominal design power scales inversely with lens
diameter, owing to the curvature of the anterior surface that controls the bulk of the imaging power of the subject. The
graph in Figure 13 of objective power vs. Axial length/sphere diameter illustrates the nominal design power as a function
of optical axial length.
[0059] Imaging capability of systems in accordance with some embodiments of the present invention in the mouse
eye is demonstrated in Figure 9. Referring to Figure 9, the input rays 437 are focused at the retinal plane 550, with a
field curvature described by surface 452. The focal field curvature in this case is 1.35 mm, which compares favorably
with the retinal radius of curvature 1.64 mm. The on-axis rms spot size is 1.2 um. The graph of Figure 12 shows the rms
spot size as a function of scan angle, demonstrating a 50 degree field of view. The OCT imaging window is defined by
matching the reference arm path length to an effective optical path length equivalent to the distance to a chosen surface
anterior to the retina 345, and described by a FDOCT window 700. It is known in the art that it may be desirable to invert
the imaging window, placing the path-matching position 345 posterior to the retina; this may be done without loss of
generality. Furthermore, the optical system specifics given here for mouse models may be generalized to other rodent
models or any other subject that is reasonably modeled as a ball-lens optical system without loss of generality. The
specific optical design prescription for the mouse model imaging is tabulated in Table 1 set out in Figure 16.
[0060] The pre-focusing attribute of imaging systems in accordance with some embodiments of the present invention
has advantages over the representative adult eye imaging system. In particular, systems in accordance with some
embodiments of the present invention allow imaging of all structures of the subject eye from anterior cornea through to
the posterior retina without changing lenses by controlling the working distance between the imaging system and the
eye and by coordinating the path length matching condition by adjusting the reference arm path length.
[0061] Figures 10A through 10D illustrate sequential imaging with systems in accordance with some embodiments of
the present invention from the cornea to the retina. As illustrated in Figure 10A, the system is focused on the cornea,
with the path length match position 348. As the working distance is reduced, the focus is translated to the anterior of the
ocular lens, with the path length position 347 illustrated in Figure 10B. The working distance is further reduced to image
the posterior lens, as shown in Figure 10C, with the path length match position at 346. Finally, the retina is imaged in
Figure 10D, with path length match condition 345. The relative optical path length vs. imaging position is illustrated in a
graph in Figure 14.
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[0062] The optimum position for imaging any structure in the eye is a function of focus, location of the focus relative
to a surface, and location of the reference path matching position to the focus. Optical systems in accordance with some
embodiments of the present invention are optimized for the retina, in the sense that the field curvature at the retina
matches the curvature of the retina. The field curvature does not match that of the all the other ocular structures, so it
is desirable to set the imaging conditions for optimum imaging of the desired structure. Most notably, it is often desirable
to have high resolution, lateral and axial, images of the cornea. Axial resolution in OCT is primarily a function of the
source bandwidth and not the delivery optics, but axial resolution may be impaired when lateral resolution is poor, as
the interferometric signal is intensity-weighted over the lateral spot. Accordingly, it may be useful to position the focus
for optimal lateral resolution.
[0063] Figures 11A through 11C illustrate various positions for focal placement to image the cornea. The field curvature
of the optical system is inverted with respect to that of the cornea, as, in fact, the rays are divergent as they enter the
cornea. Three locations for focal placement are at the anterior surface of the cornea (Figure 11A); posterior surface of
the cornea (Figure 11B); and posterior to the cornea (Figure 11C). The optimal on-axis lateral resolution is achieved by
placing the focal position at the anterior surface or posterior surface for concentration on these surfaces, respectively.
The optimal uniformity of lateral resolution across a field of view is achieved by placing the focus posterior to the cornea.
[0064] In all of the cases illustrated in Figures 11A through 11C, from optimizing the imaging of the cornea to imaging
any structure through to the retina, it is desirable to optimize the reference arm to maintain the path-matching condition.
Optical systems in accordance with some embodiments of the present invention not only provide optimal imaging of
spherical ocular systems, but uniquely enable automated sequential whole-eye imaging in a series of volumetric slices.
The system may readily be set to image on the anterior-most surface, with appropriate focus, working distance, and
reference arm position. The relationship between working distance decrease and reference arm path length increase is
non-linear, as shown in Figures 14 and 15. The acquisition may then be automated to collect a series of whole-body
volumes without manual intervention by simply coordinating the reduction in working distance with the reference arm
length according to a functional relationship or look-up table as described above. At current image acquisition speeds
of 20,000 lines per second, high density images of 512 x 512 x 512 pixels may be acquired, processed and displayed
in 13 seconds. A mouse or rat eye may be imaged in 3 sequential volumes offset by 1-2 mm (subject dependent) with
significant content overlap in 40 seconds; the content overlap enabling volume registration and image stitching. In some
embodiments, lower density images of 256 x 256 x 512 pixels may be imaged in 3 seconds, with 3 sequential volumes
acquired in 12 seconds. With emerging devices, imaging speeds will most likely rapidly increase to 100,000 lines per
second or faster, enabling high density, high resolution anterior-to-posterior volumes in under 10 seconds for dramatic
high-throughput high resolution imaging of ocular structures from cornea to retina in one image.
[0065] Example functionality of systems in accordance with some embodiments of the present invention will now be
discussed herein. In order to view the retina, the operator moves the handheld probe (portable OCT system) and lens
bore closer to the eye of the patient, using the OCT image to guide the process. Some embodiments of the present
invention provide a scanning OCT probe which is "easy to drive" in that the operator can clearly see major intermediate
structures, for example, ocular structures-such as the cornea, iris, crystalline lens, and finally the retina as he "drives"
in toward the object of interest. In contrast to the fixed lens system described above, a variable system offers certain
improved imaging attributes for optimizing anterior imaging and subsequently optimizing posterior imaging. This is
achieved by controlling certain optical distances in the system by extending or contracting the probe bore.
[0066] OCT systems have been designed, manufactured and deployed for diagnosis of eye disease in patient popu-
lations with refractive errors ranging from myopia or nearsightedness, to emmetropia or no refractive error, to hyperopia
or farsightedness. The greatest difficulty in using OCT systems clinically is often the difficulty the operator has in obtaining
a high quality image of the structure of interest, which may be the retina, for example, in patients with macular degeneration
or glaucoma, the iris and crystalline lens, for example, in patients with cataract or other lens defects, or the cornea, for
example, in refractive surgery patients. Much of the intuition one develops in using "standard camera" (noninterferometric)
optics, breaks down or is incomplete when using interferometrically based optical systems, such as OCT. In particular,
the need to simultaneously achieve both good optical focus and appropriate reference arms length as the operator is
searching for visible landmarks in the eye, can be daunting. Some embodiments of the present invention separate
changes in focus from changes in optical path length, which determines the reference arm length required. This may
greatly simplify the use of the portable OCT systems (handheld probe) in accordance with some embodiments of the
present invention.
[0067] In particular, OCT systems in accordance with some embodiments of the present invention have three lens
complexes, each of which may be made up of one or more lenses. Three lens complexes according to some embodiments
of the present invention are illustrated in Figures 17A through 17C. Referring first to Figure 17A, from left to right, the
first lens 1780 is called the collimator lens with focal length f1. At a distance D1A to the right of the collimator lens 1780
are a galvanometer or galvanometer pair (galvos) 1781 which steer (or scan) the light beam over the region of interest.
Assuming the light is well collimated, the distance D1A is a free parameter whose value does not typically affect the
geometrical optical performance of the system and, may thus be governed by other considerations such as mechanical
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constraints or control of the optical path length through the system. At a distance D1B=f2 from the galvanometers(s) is
the second lens 1782 with focal length f2. A distance D2A=f2 to the right of the second lens 1782 is a plane Plane A
perpendicular to the optical axis dividing the distance D2 into two parts: D2A, which is approximately equal to f2, and
D2B which is variable. In each of the configurations discussed below, the system to the left of Plane A is unchanged,
i.e. D1A may be freely adjusted, and D1B and D2A are kept constant at f2. The third lens 1783 called the objective lens
has a focal length f3 and is a variable distance D2B to the right of Plane A. To the right of the objective lens1783 in the
"open air", i.e. outside the bore, are several distances of interest. The distance from the objective lens 1783 to the anterior
surface of the cornea D_cornea, the distance to the "pivot point" D_pivot at a point optically conjugate to the position of
the galvanometers 1781, where the scanning beams cross, and the distance, in air, i.e. not affected by the optics of the
eye, D_focus where the optical beams are in focus.
[0068] Using a first order analysis; second and higher order effects due to aberrations, for example, small changes in
D_pivot and D_focus due to changes in D2B will be ignored. To first order, distance D_pivot will be approximately f3
beyond lens 3, and distance D_focus can be determined by the following lens formula: 

This formula assumes that the index of refraction of the media in which D2B and D_focus reside is equal to 1, i.e. in air.
[0069] Operations of a portable OCT system (handheld probe in accordance with some embodiments of the present
invention will be discussed with respect to Figures 17A through 17C. Referring first to Figure 17B (configuration 1), to
begin imaging the eye, the operator extends the probe bore tip containing the objective lens 1783 by, for example,
clockwise (CW) or courter clockwise (CCW) twisting or linear braked friction extension, or other control to a hard stop,
which increases the distance D2B to a threshold or maximum value. This value can be determined based on the lens
formula set out in Equation D1 above to place D_focus at a convenient distance from lens 3 or objective lens 1783 for
imaging the cornea and also to optimize the depth of focus to a desired value which is appropriate for the cornea. As
illustrated in Figure 17B, setting D2B=2*f3, for example, sets D_focus =2*f3 as well. This nominal "cornea" setting is
appropriate for viewing the anterior surface of the cornea or any other structure whose surface is to be examined in air,
after which the operator will be ready to "drive" the handheld probe inward to visualize deeper structures as discussed
further below.
[0070] Referring now to Figure 17C (configuration 2), as the operator drives the probe inward, i.e. moves the handheld
probe and lens closer to the eye of the patient, the operator slowly draws the probe bore tip toward the nominal "lens"
position, which shortens D2B and lengthens D_focus, while D_pivot remains constant. However, the optical power of
the cornea now adds additional positive focusing power which shortens the physical distance to the focus until it is
located approximately at the iris and crystalline lens of the eye. This corresponds to D2B between f3 and 2*f3, for
example, 1.5*f3 as illustrated in Figure 17C. At this point, the anterior segment of the eye, particularly the cornea, provides
part of the optical power required to focus the optical beam on the intermediate structures, such as the iris and crystalline
lens.
[0071] Referring again to Figure 17A (configuration 3), this is the configuration for collecting images of the retina. As
the operator moves the probe closer to the eye, the operator also contracts the probe bore tip back all the way to the
nominal "retina" position, which occurs when D2B=f3, and continues moving in until D_cornea equals the design working
distance to the eye and D_pivot places the pivot point in the iris plane so that it will be minimally vignetted while the
focus scans over the surface of the retina. This position setting can also incorporate some additional adjustment providing
additional excursion in D2B to accommodate a range of refractive errors in subjects. For example, when D2B is ap-
proaching, but still greater than f3, the scanning beam exiting lens f3 will still be converging and will thus focus correctly
on the retina in eyes which are too short, or hyperopic. This is the appropriate setting for mice which tend to have severely
hyperopic eyes. When D2B=f3, this is the correct setting for emmetropic eyes. By allowing D2B to be adjusted to values
less than f3, this will accommodate myopic eyes. Calibrated diopter settings can be labeled or engraved on the probe
bore so that accurate diopter values can be dialed in for subjects with known refractive error.
[0072] A major benefit of handheld probes in accordance with some embodiments of the present invention is that it is
at least partly self compensating_in optical path length, i.e. as the probe is advanced from corneal to lens to retinal focus,
the probe itself is shortened as D2B ranges from D2B=∼2*f3, to f3<D2B<2*f3, to D2B=∼f3, thus the decreasing optical
path length of the probe is compensated by the increasing pathlength in the media of the eye, so that the overall optical
path length may be designed to be relatively constant during this process. This is of great benefit in OCT, where changes
in the optical path length of the sample probe can cause instabilities in the position of the OCT image in the available
depth viewing range. In fact this condition of zero path length variation can be taken as a design parameter to optimize
the range over which D2B can be adjusted. In some embodiments, if this is not practical or desired, alternative means
may be provided for adjusting the optical path length of other segments of the sample or reference arm, such as changing
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distance D1A in the probe or changing the reference arm length via standard means, to allow for maintenance of constant
optical path length difference between the arms as the probe bore is extended and contracted. This can be done by, for
example, monitoring the position of the probe bore through a mechanical displacement or rotation sensor, using image
processing to monitor the position of some feature of the OCT image in axial length, or through other means without
departing from the scope of the present invention.
[0073] Thus, according to some embodiments of the present invention is may be much easier to obtain high resolution
depth-resolved images of retinal and other ocular pathologies over a broad field of view in patients with a wide range of
refractive errors and a wide range of ocular axial lengths. Finally, since the accommodative state of the lens may change
during the exam, which is largely independent of axial length, there is a need to easily correct focus independent of
reference arm length.
[0074] As discussed above, some aspects of the present invention may be implemented by a data processing system.
Exemplary embodiments of a data processing system 1830 configured in accordance with embodiments of the present
invention will be discussed with respect to Figure 18. The data processing system 1830 may include a user interface
1844, including, for example, input device(s) such as a keyboard or keypad, a display, a speaker and/or microphone,
and a memory 1836 that communicate with a processor 1838. The data processing system 1830 may further include
I/O data port(s) 1846 that also communicates with the processor 1838. The I/O data ports 1846 can be used to transfer
information between the data processing system 1830 and another computer system or a network using, for example,
an Internet Protocol (IP) connection. These components may be conventional components such as those used in many
conventional data processing systems, which may be configured to operate as described herein.
[0075] Referring now to ’, a more detailed block diagram of a data processing system of Figure 18 is provided that
illustrates systems, methods, and computer program products in accordance with some embodiments of the present
invention, which will now be discussed. As illustrated in Figure 19, the processor 1838 communicates with the memory
1836 via an address/data bus 1948, the I/O data ports 1846 via address/data bus 1949 and the electronic display 1939
via address/data bus 1950. The processor 1838 can be any commercially available or custom enterprise, application,
personal, pervasive and/or embedded microprocessor, microcontroller, digital signal processor or the like. The memory
1836 may include any memory device containing the software and data used to implement the functionality of the data
processing system 1830. The memory 1836 can include, but is not limited to, the following types of devices: ROM,
PROM, EPROM, EEPROM, flash memory, SRAM, and DRAM.
[0076] As further illustrated in Figure 19, the memory 1836 may include several categories of software and data used
in the system: an operating system 1952; application programs 1954; input/output (I/O) device drivers 1958; and data
1956. As will be appreciated by those of skill in the art, the operating system 1952 may be any operating system suitable
for use with a data processing system, such as OS/2, AIX or zOS from International Business Machines Corporation,
Armonk, NY, Windows95, Windows98, Windows2000 or WindowsXP, or Windows CE or Windows 7 from Microsoft
Corporation, Redmond, WA, Palm OS, Symbian OS, Cisco IOS, VxWorks, Unix or Linux. The I/O device drivers 1958
typically include software routines assessed through the operating system 1952 by the application programs 1954 to
communicate with devices such as the I/O data port(s) 1846 and certain memory 1836 components. The application
programs 1954 are illustrative of the programs that implement the various features of the some embodiments of the
present invention and may include at least one application that supports operations according to embodiments of the
present invention. Finally, as illustrated, the data 1956 may include captured buffer data 1959 and streamed data 1960,
which may represent the static and dynamic data used by the application programs 1954, the operating system 1952,
the I/O device drivers 1958, and other software programs that may reside in the memory 1836.
[0077] As further illustrated in Figure 19, according to some embodiments of the present invention, the application
programs 1954 include OCT imaging modules 1965. While the present invention is illustrated with reference to OCT
imaging modules 1965 as being application programs in Figure 19, as will be appreciated by those of skill in the art,
other configurations fall within the scope of the present invention. For example, rather than being application programs
1954, these circuits and modules may also be incorporated into the operating system 1952 or other such logical division
of the data processing system. Furthermore, while the OCT imaging modules 1965 are illustrated in a single system, as
will be appreciated by those of skill in the art, such functionality may be distributed across one or more systems. Thus,
the present invention should not be construed as limited to the configuration illustrated in Figure 19, but may be provided
by other arrangements and/or divisions of functions between data processing systems. For example, although Figure
19 is illustrated as having various circuits, one or more of these circuits may be combined without departing from the
scope of the present invention.
[0078] It will be understood that the OCT imaging modules 1965 may be used to implement various portions of the
present invention capable of being performed by a data processing system. For example, the OCT imaging modules
may be used to process and assess the images produced by the OCT system according to some embodiments of the
present invention.
[0079] Example embodiments are described above with reference to block diagrams and/or flowchart illustrations of
methods, devices, systems and/or computer program products. It is understood that a block of the block diagrams and/or
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flowchart illustrations, and combinations of blocks in the block diagrams and/or flowchart illustrations, can be implemented
by computer program instructions. These computer program instructions may be provided to a processor of a general
purpose computer, special purpose computer, and/or other programmable data processing apparatus to produce a
machine, such that the instructions, which execute via the processor of the computer and/or other programmable data
processing apparatus, create means (functionality) and/or structure for implementing the functions/acts specified in the
block diagrams and/or flowchart block or blocks.
[0080] These computer program instructions may also be stored in a computer-readable memory that can direct a
computer or other programmable data processing apparatus to function in a particular manner, such that the instructions
stored in the computer-readable memory produce an article of manufacture including instructions which implement the
functions/acts specified in the block diagrams and/or flowchart block or blocks.
[0081] The computer program instructions may also be loaded onto a computer or other programmable data processing
apparatus to cause a series of operational steps to be performed on the computer or other programmable apparatus to
produce a computer-implemented process such that the instructions which execute on the computer or other program-
mable apparatus provide steps for implementing the functions/acts specified in the block diagrams and/or flowchart
block or blocks.
[0082] Accordingly, example embodiments may be implemented in hardware and/or in software (including firmware,
resident software, micro-code, etc.). Furthermore, example embodiments may take the form of a computer program
product on a computer-usable or computer-readable storage medium having computer-usable or computer-readable
program code embodied in the medium for use by or in connection with an instruction execution system. In the context
of this document, a computer-usable or computer-readable medium may be any medium that can contain, store, com-
municate, propagate, or transport the program for use by or in connection with the instruction execution system, apparatus,
or device.
[0083] The computer-usable or computer-readable medium may be, for example but not limited to, an electronic,
magnetic, optical, electromagnetic, infrared, or semiconductor system, apparatus, device, or propagation medium. More
specific examples (a non-exhaustive 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), a read-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 paper 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
processed in a suitable manner, if necessary, and then stored in a computer memory.
[0084] Computer program code for carrying out operations of data processing systems discussed herein may be
written in a high-level programming language, such as Java, AJAX (Asynchronous JavaScript), C, and/or C++, for
development convenience. In addition, computer program code for carrying out operations of example embodiments
may also be written in other programming languages, such as, but not limited to, interpreted languages. Some modules
or routines may be written in assembly language or even micro-code to enhance performance and/or memory usage.
However, embodiments are not limited to a particular programming language. It will be further appreciated that the
functionality of any or all of the program modules may also be implemented using discrete hardware components, one
or more application specific integrated circuits (ASICs), or a field programmable gate array (FPGA), or a programmed
digital signal processor, a programmed logic controller (PLC), or microcontroller.
[0085] It should also be noted that in some alternate implementations, the functions/acts noted in the blocks may occur
out of the order noted in the flowcharts. 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. Moreover, the functionality of a given block of the flowcharts and/or block diagrams may be separated into
multiple blocks and/or the functionality of two or more blocks of the flowcharts and/or block diagrams may be at least
partially integrated.
[0086] In the drawings and specification, there have been disclosed exemplary embodiments of the invention. However,
many variations and modifications can be made to these embodiments without substantially departing from the principles
of the present invention. Accordingly, although specific terms are used, they are used in a generic and descriptive sense
only and not for purposes of limitation, the scope of the invention being defined by the following claims.

Claims

1. An optical coherence tomography (OCT) imaging system for imaging anterior and posterior structures of a spherical-
type eye of a subject, the system comprising:

a source (100) having an associated source arm path (105);



EP 2 296 532 B1

12

5

10

15

20

25

30

35

40

45

50

55

a reference arm (300) having an associated reference arm path (305) coupled to the source path (105), the
reference arm path (305) having an associated reference arm path length;
a sample arm (400) having an associated sample arm path (405) coupled to the source arm and reference arm
paths (305);
a lens having a focal power optimized for a diameter of the spherical -type eye; and
a reference arm path length adjustment module coupled to the reference arm (300), the reference arm path
length adjustment module configured to automatically adjust the reference arm path length such that the refer-
ence arm path length is based on an eye diameter of the subject;
characterised in that
the OCT system is configured to adjust the reference arm path length to accommodate subject path lengths to
target structures within the eye, the target structures ranging from anterior of the cornea to posterior of the
retina, and
wherein the OCT system is configured to image continuously the anterior to the posterior structures of the
spherical-type eye by synchronous coordination of a working distance between an objective lens and an anterior
surface of the sample, and the reference arm path length.

2. The OCT system of claim 1, wherein the reference arm path length is adjusted to accommodate subject eye diameters
in the sample arm ranging from about 1.0 mm to about 15 mm.

3. The OCT system of claim 1, further comprising a lens system comprising at least one lens in the sample arm path
(405) and at least one surface of the eye, the lens system having a field curvature that matches a curvature of a
retina of a posterior surface of the spherical eye of the subject.

4. The OCT system of claim 1, wherein the subject is a mouse, rat or macaque.

5. The OCT system of claim 1, wherein an amount of optical power used to obtain an OCT image of posterior structures
of the eye having the spherical-type eye shape is a function of a spherical radius of the eye.

6. The OCT system of claim 1, further comprising a telecentric lens set that comprises a pair of doublets configured
to create a telecentric plane with a substantially flattened field curvature at the telecentric plane.

7. The OCT system of claim 6, wherein the pair of doublets yields a telecentric plane having a field curvature radius
of greater than about 100 mm.

8. The OCT system of claim 6, further comprising a focusing lens set configured to have sufficient power to accommodate
the spherical shaped eye.

9. The OCT system of claim 8, wherein power for a mouse eye having an eye diameter of about 3 mm is about +80
Diopters and wherein power for a rat eye having an eye diameter of about 6 mm is about +73 Diopters.

10. A method for imaging anterior and posterior structure of an eye of a subject in an optical coherence tomography
(OCT) imaging system comprising:

a source (100) having an associated source arm path (105);
a reference arm (200) having an associated reference arm path (305) coupled to the source path, the reference
arm path (305) having an associated reference arm path length;
a sample arm (400) having an associated sample arm path (405) coupled to the source arm and reference arm
paths (305);
a lens having a focal power optimized for a diameter of the spherical -type eye; and
a reference arm path length adjustment module coupled to the reference arm (300), the reference arm path
length adjustment module configured to automatically adjust the reference arm path length such that the refer-
ence arm path length is based on an eye diameter of the subject;

characterised in that the method comprises imaging the anterior and posterior structures of an eye having a
spherical shape using optics configured to image spherical shaped objects,
wherein the method includes:

- adjusting the reference arm path length to accommodate subject path lengths to target structures within the
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eye, the target structures ranging from anterior of the cornea to posterior of the retina, and
- imaging continuously the anterior to the posterior structures of the spherical-type eye by synchronous coor-
dination of a working distance between an objective lens and an anterior surface of the sample, and the reference
arm path length.

11. A computer program product for imaging posterior structures of an eye using an optical coherence tomography
(OCT) system, the computer program product comprising:

computer readable storage medium having computer readable program code embodied in said medium, the
computer readable program code comprising:

computer readable program code configured to image the anterior and posterior structures of an eye having
a spherical shape by carrying out a method according to claim 10.

Patentansprüche

1. Bildgebungssystem für optische Kohärenztomographie (OCT-Bildgebungssystem) für die Bildgebung vorderer und
hinterer Strukturen von einem Auge des Kugeltyps eines Probanden, wobei das System Folgendes enthält:

eine Quelle (100), die einen zugeordneten Quellarmpfad (105) besitzt;
einen Bezugsarm (300), der einen zugeordneten Bezugsarmpfad (305), der an den Quellpfad (105) gekoppelt
ist, besitzt, wobei der Bezugsarmpfad (305) eine zugeordnete Bezugsarmpfadlänge besitzt;
einen Probenarm (400), der einen zugeordneten Probenarmpfad (405), der an den Probenarm und an Bezugs-
armpfade (305) gekoppelt ist, besitzt;
eine Linse, die eine Brechkraft, die für einen Durchmesser vom Auge des Kugeltyps optimiert ist, besitzt; und
ein Bezugsarmpfadlängenanpassungsmodul, das an den Bezugsarm (300) gekoppelt ist, wobei das Bezugs-
armpfadlängenanpassungsmodul konfiguriert ist, die Bezugsarmpfadlänge automatisch derart anzupassen,
dass die Bezugsarmpfadlänge auf einem Augendurchmesser des Probanden basiert;
dadurch gekennzeichnet, dass
das OCT-System konfiguriert ist, die Bezugsarmpfadlänge anzupassen, um Probandenpfadlängen an Zielstruk-
turen im Auge anzugleichen, wobei die Zielstrukturen von vor der Hornhaut zu hinter der Netzhaut reichen, und
das OCT-System konfiguriert ist, die vorderen bis zu den hinteren Strukturen vom Auge des Kugeltyps durch
synchronisierte Koordinierung eines Arbeitsabstandes zwischen einer Objektivlinse und einer vorderen Ober-
fläche der Probe mit der Bezugsarmpfadlänge kontinuierlich abzubilden.

2. OCT-System nach Anspruch 1, wobei die Bezugsarmpfadlänge derart angepasst wird, dass sie Probandenaugen-
durchmesser im Probenarm, die im Bereich von etwa 1.0 mm bis etwa 15 mm liegen, berücksichtigt.

3. OCT-System nach Anspruch 1, das ferner ein Linsensystem, das mindestes eine Linse im Probenarmpfad (405)
und mindestens eine Oberfläche des Auges enthält, umfasst, wobei das Linsensystem eine Feldkrümmung besitzt,
die mit einer Krümmung einer Netzhaut einer hinteren Oberfläche vom Auge des Kugeltyps des Probanden über-
einstimmt.

4. OCT-System nach Anspruch 1, wobei der Proband eine Maus, eine Ratte oder ein Makak ist.

5. OCT-System nach Anspruch 1, wobei eine Menge optischer Leistung, die verwendet wird, ein OCT-Bild von hinteren
Strukturen des Auges, das die Form eines Auges des Kugeltyps besitzt, zu erhalten, eine Funktion eines Kugelradius
des Auges ist.

6. OCT-System nach Anspruch 1, das ferner einen telezentrischen Linsensatz enthält, der ein Paar Doppellinsen
enthält, die konfiguriert sind, eine telezentrische Ebene mit einer im Wesentlichen abgeflachten Feldkrümmung bei
der telezentrischen Ebene zu schaffen.

7. OCT-System nach Anspruch 6, wobei das Paar Doppellinsen eine telezentrische Ebene ergibt, die einen Feldkrüm-
mungsradius größer als etwa 100 mm besitzt.

8. OCT-System nach Anspruch 6, das ferner einen Fokussierungslinsensatz enthält, der konfiguriert ist, ausreichend
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Leistung zu besitzen, um das kugelförmige Auge zu berücksichtigen.

9. OCT-System nach Anspruch 8, wobei die Leistung für ein Mäuseauge, das einen Augendurchmesser von etwa 3
mm besitzt, etwa +80 Dioptrien ist und die Leistung für ein Rattenauge, das einen Augendurchmesser von etwa 6
mm besitzt, etwa +73 Dioptrien ist.

10. Verfahren für die Bildgebung vorderer und hinterer Strukturen von einem Auge eines Probanden in einem Bildge-
bungssystem für optische Kohärenztomographie (OCT-Bildgebungssystem), das Folgendes umfasst:

eine Quelle (100), die einen zugeordneten Quellarmpfad (105) besitzt;
einen Bezugsarm (200), der einen zugeordneten Bezugsarmpfad (305), der an den Quellpfad gekoppelt ist,
besitzt, wobei der Bezugsarmpfad (305) eine zugeordnete Bezugsarmpfadlänge besitzt;
einen Probenarm (400), der einen zugeordneten Probenarmpfad (405), der an den Probenarm und an Bezugs-
armpfade (305) gekoppelt ist, besitzt;
eine Linse, die eine Brechkraft, die für einen Durchmesser vom Auge des Kugeltyps optimiert ist, besitzt; und
ein Bezugsarmpfadlängenanpassungsmodul, das an den Bezugsarm (300) gekoppelt ist, wobei das Bezugs-
armpfadlängenanpassungsmodul konfiguriert ist, die Bezugsarmpfadlänge automatisch derart anzupassen,
dass die Bezugsarmpfadlänge auf einem Augendurchmesser des Probanden basiert;
dadurch gekennzeichnet, dass
das Verfahren eine Bildgebung der vorderen und hinteren Strukturen von einem Auge, das eine Kugelform
besitzt, unter Verwendung einer Optik, die konfiguriert ist, kugelförmige Objekte abzubilden, umfasst,
wobei das Verfahren Folgendes umfasst:

- Anpassen der Bezugsarmpfadlänge, um Probandenpfadlängen and Zielstrukturen im Auge anzugleichen,
wobei die Zielstrukturen von vor der Hornhaut zu hinter der Netzhaut reichen, und
- kontinuierliches Abbilden der vorderen bis zu den hinteren Strukturen vom Auge des Kugeltyps durch
synchronisierte Koordinierung eines Arbeitsabstandes zwischen einer Objektivlinse und einer vorderen
Oberfläche der Probe mit der Bezugsarmpfadlänge.

11. Computerprogrammprodukt für die Bildgebung hinterer Strukturen von einem Auge unter Verwendung eines Sys-
tems für optische Kohärenztomographie (OCT-System), wobei das Computerprogrammprodukt Folgendes enthält:

ein computerlesbares Speichermedium, wobei computerlesbarer Programmcode im Medium verkörpert ist,
wobei der computerlesbare Programmcode Folgendes enthält:

computerlesbaren Programmcode, der konfiguriert ist, die vorderen und hinteren Strukturen von einem
Auge, das eine Kugelform besitzt, durch Ausführen eines Verfahrens nach Anspruch 10 abzubilden.

Revendications

1. Système d’imagerie par tomographie par cohérence optique (OCT) destiné à reproduire en image des structures
antérieures et postérieures d’un oeil de type sphérique d’un sujet, le système comportant :

une source (100) ayant un trajet de bras de source associé (105) ;
un bras de référence (300) ayant un trajet de bras de référence associé (305) couplé au trajet de bras de source
(105), le trajet de bras de référence (305) ayant une longueur de trajet de bras de référence associée ;
un bras d’échantillon (400) ayant un trajet de bras d’échantillon associé (405) couplé aux trajets de bras de
source et de bras de référence (305) ;
une lentille ayant une puissance optique optimisée pour un diamètre de l’oeil de type sphérique ; et
un module de réglage de longueur de trajet de bras de référence couplé au bras de référence (300), le module
de réglage de longueur de trajet de bras de référence étant configuré pour régler automatiquement la longueur
de trajet de bras de référence de telle sorte que la longueur de trajet de bras de référence est basée sur un
diamètre d’oeil du sujet ;
caractérisé en ce que
le système OCT est configuré pour régler la longueur de trajet de bras de référence pour permettre des longueurs
de trajet de sujet jusqu’à des structures cibles à l’intérieur de l’oeil, les structures cibles variant du côté antérieur
de la cornée jusqu’au côté postérieur de la rétine, et
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dans lequel le système OCT est configuré pour reproduire en image de manière continue les structures anté-
rieures à postérieures de l’oeil de type sphérique par coordination synchrone d’une distance de travail entre
une lentille d’objectif et une surface antérieure de l’échantillon, et la longueur de trajet de bras de référence.

2. Système OCT selon la revendication 1, dans lequel la longueur de trajet de bras de référence est réglée pour
permettre des diamètres d’oeil de sujet dans le bras d’échantillon variant d’environ 1,0 mm à environ 15 mm.

3. Système OCT selon la revendication 1, comportant en outre un système de lentille comportant au moins une lentille
dans le trajet de bras d’échantillon (405) et au moins une surface de l’oeil, le système de lentille ayant une courbure
de champ qui correspond à une courbure d’une rétine d’une surface postérieure de l’oeil sphérique du sujet.

4. Système OCT selon la revendication 1, dans lequel le sujet est une souris, un rat ou un macaque.

5. Système OCT selon la revendication 1, dans lequel une quantité de puissance optique utilisée pour obtenir une
image OCT de structures postérieures de l’oeil ayant la forme d’oeil de type sphérique est fonction d’un rayon
sphérique de l’oeil.

6. Système OCT selon la revendication 1, comportant en outre un ensemble de lentilles télécentriques qui comporte
une paire de doublets configurés pour créer un plan télécentrique avec une courbure de champ sensiblement aplatie
sur le plan télécentrique.

7. Système OCT selon la revendication 6, dans lequel la paire de doublets produit un plan télécentrique ayant un rayon
de courbure de champ supérieur à environ 100 mm.

8. Système OCT selon la revendication 6, comportant en outre un ensemble de lentilles de focalisation configuré pour
avoir une puissance suffisante pour recevoir l’oeil de forme sphérique.

9. Système OCT selon la revendication 8, dans lequel la puissance pour un oeil de souris ayant un diamètre d’oeil
d’environ 3 mm est d’environ + 80 dioptries et dans lequel la puissance pour un oeil de rat ayant un diamètre d’oeil
d’environ 6 mm est d’environ + 73 dioptries.

10. Procédé pour reproduire en image des structures antérieures et postérieures d’un oeil d’un sujet dans un système
d’imagerie par tomographie par cohérence optique (OCT) comportant :

une source (100) ayant un trajet de bras de source associé (105) ;
un bras de référence (200) ayant un trajet de bras de référence associé (305) couplé au trajet de source, le
trajet de bras de référence (305) ayant une longueur de trajet de bras de référence associée ;
un bras d’échantillon (400) ayant un trajet de bras d’échantillon associé (405) couplé aux trajets de bras de
source et de bras de référence (305) ;
une lentille ayant une puissance optique optimisée pour un diamètre de l’oeil de type sphérique ; et
un module de réglage de longueur de trajet de bras de référence couplé au bras de référence (300), le module
de réglage de longueur de bras de trajet de référence étant configuré pour régler automatiquement la longueur
de trajet de bras de référence de telle sorte que la longueur de trajet de bras de référence est basée sur un
diamètre d’oeil du sujet ;
caractérisé en ce que
le procédé comporte l’étape consistant à :

reproduire en image les structures antérieures et postérieures d’un oeil ayant une forme sphérique en
utilisant une optique configurée pour reproduire en image des objets de forme sphérique, dans lequel le
procédé inclut les étapes consistant à :

- régler la longueur de trajet de bras de référence pour permettre des longueurs de trajet de sujet
jusqu’à des structures cibles à l’intérieur de l’oeil, les structures cibles variant du côté antérieur de la
cornée jusqu’au côté postérieur de la rétine ; et
- reproduire en image de manière continue les structures antérieures à postérieures de l’oeil de type
sphérique par coordination synchrone d’une distance de travail entre une lentille d’objectif et une surface
antérieure de l’échantillon, et la longueur de trajet de bras de référence.
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11. Produit de programme informatique pour reproduire en image des structures postérieures d’un oeil en utilisant un
système de tomographie par cohérence optique (OCT), le produit de programme informatique comportant :

un support de stockage lisible par ordinateur ayant un code de programme lisible par ordinateur mis en oeuvre
dans ledit support, le code de programme lisible par ordinateur comportant :

un code de programme lisible par ordinateur configuré pour reproduire en image les structures antérieures
et postérieures d’un oeil ayant une forme sphérique en mettant en oeuvre un procédé selon la revendication
10.
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