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Description

CLAIM OF PRIORITY

[0001] The present application claims priority from
U.S. Provisional Application No. 61/047,265 (Attorney
Docket No. 9526-21PR), filed April 23, 2008.

FIELD

[0002] The present invention relates to imaging and,
more particularly, to optical coherence tomography
(OCT) and related systems, methods and computer pro-
gram products.

BACKGROUND

[0003] Optical Coherence Tomography (OCT) sys-
tems have generally been designed, manufactured and
deployed with a target to serve diagnosis of eye disease
in the adult population with a mature structure of the eye.
Such systems are typically designed with focal optics and
interferometric arrangements suitable for imaging the ret-
inal plane, and visualizing and quantifying pathologies
related to major eye diseases, such as glaucoma and
macular-degeneration. Such systems are used in prac-
tice wherever appropriate, but the visibility of pathologies
and the quality of images is constrained by design deci-
sions that have been optimized for the distribution of at-
tributes of the adult eye, as eye disease in the majority
of cases is demographically associated with increasing
age.
[0004] A system designed for a mature eye may not
be well suited for a broad range of applications. For ex-
ample, pediatric applications have their own distinct re-
quirements. The pediatric eye, by definition, is a devel-
oping eye, and the neonatal eye is considerably smaller
than the mature eye. With the increasing incidence of
successful births of premature babies, pediatric patients
may exhibit a broad range of congenital malformations
and genetic disorders, frequently with a dramatic devia-
tion from normal pathology. A premature baby in the ne-
onatal intensive care unit (NICU) may be at risk for a host
of chronic diseases, including retinopathy of prematurity,
that typically require careful diagnosis and management.
Furthermore, in pediatric ophthalmology there is also a
high incidence of traumatic damage due to, for example,
conditions ranging from shaken-baby syndrome to acci-
dents generally associated with small children.
[0005] EP 1 806 092 A1 discloses an OCT imaging
system for fundus observation having a reference mirror
moveable in the propagation direction of the reference
light to ensure that the light path length of the reference
light corresponds to the length of an eyeball to be exam-
ined.
[0006] US 2007/0076217 A1 discloses a similar OCT
imaging device providing the possibility of monitoring the
position of the cornea of an eye for correcting the eye

length measurement by the amount of eye movement
during examination of the eye, in order to obtain a more
accurate measure of eye length.

SUMMARY

[0007] The present invention is defined in independent
claims 1, 17 and 18. Some embodiments of the present
invention provide optical coherence tomography (OCT)
imaging systems for imaging an eye including a source
having an associated source arm path and 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 is provided. A reference
arm path length adjustment module is coupled to the ref-
erence arm. The reference arm path length adjustment
module is configured to automatically adjust the refer-
ence arm path length such that the reference arm path
length is based on an eye length of the subject.
[0008] In further embodiments of the present invention,
the reference arm path length may be adjusted to ac-
commodate subject eye lengths in the sample arm rang-
ing from about 2.0mm to about 50mm. The reference
arm path length may be optimized based on a sample
arm optical path length to within a prescribed offset from
a focal plane of the OCT system.
[0009] In still further embodiments of the present in-
vention, a lens system including at least one lens is pro-
vided 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 eye of the subject.
The at least one lens may be configured to image a ma-
ture eye or a pediatric eye. A distance from a cornea to
a retina of the mature eye may be about 25 mm and a
the distance from the cornea to the retina of the pediatric
eye may be from about 14mm to about 25mm.
[0010] In some embodiments of the present invention,
the at least one lens may have an associated focus ad-
justment that enables imaging into both anterior and pos-
terior regions of the posterior chamber of the eye of the
subject. In certain embodiments, the focus adjustment
may accommodate at least +30D of additional focal pow-
er. In some embodiments, the focus adjustment may ac-
commodate at least +50D of additional focal power or up
to +100D of additional focal power.
[0011] 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 de-
grees.
[0012] In still further embodiments of the present in-
vention, 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.
[0013] In some embodiments of the present invention,
the reference arm path length adjustment module is con-
figured to set a target reference arm path length based
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on an age of the subject. The reference arm path length
adjustment module may be configured to set a target
reference arm path length based on additional informa-
tion pertaining to the subject. The additional information
may include a refractive status of the eye of the subject;
measured axial eye length of the subject; and/or any rel-
evant test results.
[0014] In further embodiments of the present invention,
the OCT system may be portable such that the OCT sys-
tem is provided to the subject where the subject is locat-
ed. In some embodiments of the present invention, the
portable OCT system may be configured to provide im-
aging to a subject independent of the orientation of the
subject. The portable OCT system may be configured to
be moved to a location of the subject, unplugged and/or
receive new samples without being shutdown.
[0015] In still further embodiments of the present in-
vention, the portable OCT system may include a portable
handheld OCT probe; a battery backup device associat-
ed with the portable handheld probe; and a moveable
rack configured to receive the portable handheld probe
and/or the battery backup device.
[0016] In some embodiments of the present invention,
the portable OCT system may further include a fixation
target for the subject configured to provide a comfort im-
age to the subject during image acquisition. The fixation
target may be configured to provide a continuously var-
iable patient comfort image.
[0017] In further embodiments of the present invention,
the portable OCT system may be configured to provide
a visible light that reflects off a cornea of the eye of the
subject to enable accurate positioning of the portable
OCT system.
[0018] In still further embodiments of the present in-
vention, the portable OCT system may include a video
and/or digital fundus camera.
[0019] In some embodiments of the present invention,
the portable OCT system may further include a foot ped-
dle and/or finger trigger configured to control focus ad-
justment, reference arm path length adjustment and/or
trigger acquisition of an image.
[0020] In further embodiments of the present invention,
the portable OCT system may be configured to provide
two orthogonal images to illustrate pathology of an eye
of the subject to facilitate aiming of the portable OCT
system during image acquisition.
[0021] In still further embodiments of the present in-
vention, the portable OCT system may be configured to
continuously acquire images until detection of an image
capture trigger is detected; and record a predetermined
buffered portion of the acquired image upon detection of
the image capture trigger. In certain embodiments, the
buffered image comprises the most recent from about
2.0 seconds to about 30 seconds of the acquired image.
[0022] In some embodiments of the present invention,
the continuously acquired image may be streamed to a
non-volatile storage for a predetermined period of time.
[0023] According to the present invention, the system

includes a quality assessing module configured to display
an acquired image to an image acquisition technician;
trigger adjustment of the reference arm path length
and/or focusing of at least one lens in the sample arm
based on an assessed quality of the displayed image;
and trigger the OCT system to initiate or continue acqui-
sition of the image after adjustments are made.
[0024] In still further embodiments of the present in-
vention the OCT system may be configured to acquire
an image from an aphakic subject.
[0025] In some embodiments of the present invention,
the OCT system may be a pediatric OCT system.
[0026] Further embodiments of the present invention
provide OCT imaging systems for imaging an eye includ-
ing a source having an associated source arm path and
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 hav-
ing an associated sample arm path coupled to the source
arm and reference arm paths is provided. A lens system
having at least one lens in the sample arm path is pro-
vided. The lens system has a field curvature based on a
curvature of a retina of the eye of the subject
[0027] Still further embodiments of the present inven-
tion provide methods for imaging an eye in an optical
coherence tomography (OCT) imaging system including
setting a target reference arm path length of the OCT
system such that the reference arm path length is based
on an eye length of a subject; obtaining additional
information about the subject relevant to the target ref-
erence arm path length; recalibrating the reference arm
path length based on the obtained information; and au-
tomatically adjusting the reference arm path length based
on the recalibrated reference arm path length.
[0028] According to the present invention, an image is
acquired using the OCT system having the adjusted ref-
erence arm path length. The method may further include
assessing the image quality of the acquired image; de-
termining if the adjusted reference arm path length is
optimum; further adjusting the reference arm path length
if it is determined that the adjusted reference arm path
length is not optimum; and reacquiring the image using
the OCT system having the further adjusted reference
arm path length.
[0029] According to the present invention, the steps of
assessing, determining, further adjusting and reacquiring
may be repeated until an image having a desired quality
is obtained.
[0030] According to the present invention, further ad-
justing is followed by determining if a focus of at least
one objective lens of the OCT system is optimum; and
adjusting focus position of the at least one objective lens
of the OCT system if it is determined that the focus of the
at least one objective lens is not optimum, wherein reac-
quiring the image further comprises reacquiring the im-
age using the OCT system having the further adjusted
reference arm path length and the adjusted focus.
[0031] Some embodiments of the present invention
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provide computer program products for imaging an eye
in OCT imaging systems including computer readable
storage medium having computer readable program
code embodied in said medium. The computer readable
program code includes computer readable program code
configured to implement the method of the present in-
vention
and to display the acquired image on an electronic display
associated with the OCT system.

BRIEF DESCRIPTION OF THE DRAWINGS

[0032]

Figure 1 is a block diagram illustrating a Fourier do-
main retinal optical coherence tomography system
in accordance with some embodiments of the
present invention.
Figure 2 is a block diagram illustrating a lens config-
uration for Emmetropic telecentric retinal imaging in
accordance with some embodiments of the present
invention.
Figure 3 is a block diagram illustrating a lens config-
uration for a hyper-focal retinal imaging for blastoma
imaging in accordance with some embodiments of
the present invention.
Figure 4 is a block diagram illustrating a lens config-
uration for a hypo-focal retinal imaging for aphakia
without system accommodation in accordance with
some embodiments of the present invention.
Figure 5 is a block diagram illustrating a lens config-
uration for hypo retinal imaging aphakia with system
accommodation in accordance with some embodi-
ments of the present invention.
Figure 6 is a block diagram illustrating a lens config-
uration for retinal imaging, with system accommo-
dation for varying developmental eye lengths in ac-
cordance with some embodiments of the present in-
vention.
Figures 7A through 7C are diagrams illustrating focal
field curvature optimization to posterior pole radius
of curvature in accordance with some embodiments
of the present invention.
Figures 8 is a flowchart illustrating focus and refer-
ence optimization operations in accordance with
some embodiments of the present invention.
Figure 9 is a block diagram illustrating a portable
OCT system in accordance with some embodiments
of the present invention.
Figure 10 is a graph of normalized illuminance vs.
wavelength illustrating wavelength allocation of op-
tical path lengths scan head in accordance with
some embodiments of the present invention.
Figure 11 is a graph of spot diameter vs. angle illus-
trating field of view defined by lateral resolution im-
aging pediatric eye with different optics in accord-
ance with some embodiments of the present inven-
tion.

Figure 12 is a block diagram illustrating a multi-func-
tion scanner system including OCT, video or digital
fundus image capture, fundus illumination, and dis-
crete or variable fixation target in accordance with
some embodiments of the present invention.
Figure 13 is a diagram of an exemplary fixation target
and excitation source in accordance with some em-
bodiments of the present invention.
Figure 14 is a diagram illustrating a mechanical con-
cept for the portable OCT system in accordance with
some embodiments of the present invention.
Figure 15 is a ZEMAX rendering of an optical design
for a portable OCT system in accordance with some
embodiments of the present invention.
Figure 16 is ZEMAX diagram illustrating how the de-
sign of the portable OCT system allows viewing of
the most peripheral retina in accordance with some
embodiments of the present invention.
Figure 17 is a solidworks illustration of a design for
the portable OCT optics barrel in accordance with
some embodiments of the present invention.
Figure 18 is a solidworks illustration of a reference
arm design with axes for motorized control to trans-
late a retroreflector in accordance with some embod-
iments of the present invention.
Figure 19 is a block diagram of a data processing
system suitable for use in some embodiments of the
present invention.
Figure 20 is a more detailed block diagram of a sys-
tem according to some embodiments of the present
invention.

DETAILED DESCRIPTION OF EMBODIMENTS OF 
THE INVENTION

[0033] The present invention will be described more
fully hereinafter with reference to the accompanying fig-
ures, in which embodiments of the invention are shown.
This invention may, however, be embodied in many al-
ternate forms and should not be construed as limited to
the embodiments set forth herein.
[0034] Accordingly, while the invention is susceptible
to various modifications and alternative forms, specific
embodiments thereof are shown by way of example in
the drawings and will herein be described in detail. It
should be understood, however, that there is no intent to
limit the invention to the particular forms disclosed, but
on the contrary, the invention is to cover all modifications,
equivalents, and alternatives falling within the spirit and
scope of the invention as defined by the claims. Like num-
bers refer to like elements throughout the description of
the figures.
[0035] 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
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terms "comprises", "comprising," "includes" and/or "in-
cluding" when used in this specification, specify the pres-
ence of stated features, integers, steps, operations, ele-
ments, and/or components, but do not preclude the pres-
ence or addition of one or more other features, integers,
steps, operations, elements, components, and/or groups
thereof. Moreover, when an element is referred to as be-
ing "responsive" or "connected" to another element, it
can be directly responsive or connected to the other el-
ement, or intervening elements may be present. In con-
trast, when an element is referred to as being "directly
responsive" or "directly connected" to another element,
there are no intervening elements present. As used here-
in the term "and/or" includes any and all combinations of
one or more of the associated listed items and may be
abbreviated as "/".
[0036] 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 used herein should be in-
terpreted as having a meaning that is consistent with their
meaning in the context of this specification and the rele-
vant art and will not be interpreted in an idealized or overly
formal sense unless expressly so defined herein.
[0037] 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. For example, a first element could
be termed a second element, and, similarly, a second
element could be termed a first element without departing
from the teachings of the disclosure. Although some of
the diagrams include arrows on communication paths to
show a primary direction of communication, it is to be
understood that communication may occur in the oppo-
site direction to the depicted arrows.
[0038] Conventional OCT imaging systems are de-
signed to image a mature adult eye. OCT imaging sys-
tems directed to the pediatric population will typically re-
quire specific optics for the pre-adolescent eye, an in-
creased dynamic range of performance attributes includ-
ing field of view, focal adjustments, and interferometric
path length matching conditions and the like. However,
the pediatric patient is not well suited to a standard clinical
imaging system designed for the mature adult eye. Ac-
cordingly, an imaging system that is directed to a smaller,
uncooperative patient, whether in the clinic or in the op-
erating suite, may be desired for more accurate, success-
ful imaging.
[0039] Thus, some embodiments of the present inven-
tion provide a coherence-gated imaging system (optical
coherence tomography (OCT) system) that provides high
resolution depth-resolved images of retinal pathologies
over a broad field of view in patients with eyes ranging
from the premature underdeveloped eye to the fully de-
veloped eye, with adjustment capabilities to observe dis-
ease, trauma, and malformations, in environments from

the clinic, to the operating suite, to the field and the like
as will be discussed further below with respect to Figures
1 through 20.
[0040] In particular, some embodiments of the present
invention provide an OCT system, for example, a Spec-
tral Domain (SD) OCT system, specifically designed for
pediatric patients is described. As discussed herein, OCT
systems in accordance with some embodiments of the
present invention include an electromechanical mecha-
nism to manually or automatically adjust a reference arm
path length. The OCT system is configured to estimate
an initial reference arm path length (axial length) based
on information such as the age of the patient, refractive
status of the patient’s eye and the like. The OCT delivery
optics (i.e. the patient interface) include lenses with a
relatively larger field of view than provided by conven-
tional systems, which may enable examination of the en-
tire retina including the periphery. Furthermore, the small
physical size of the final stage of these lenses may allow
a portable OCT system in accordance with some embod-
iments of the present invention to be aimed widely within
the patient’s orbit.
[0041] Referring first to Figure 1, a block diagram illus-
trating a Fourier domain retinal OCT system in accord-
ance 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 ex-
ample, a fiber optic coupler or a bulk or micro-optic cou-
pler without departing from the scope of the present in-
vention. In some embodiments, the beamsplitter 200 may
provide from about a 50/50 to about a 90/10 split ratio,
with the larger fractional power directed to the reference
arm path. As further illustrated in Figure 1, the beamsplit-
ter 200 is also coupled to a frequency sampled detection
module 600 over a path 605 that may be provided by an
optical fiber.
[0042] 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 beam-
splitter over a reference arm path 305. Similarly, the sam-
ple arm 400 is coupled to the beamsplitter 200 over the
sample arm path 405. In some embodiments of the
present invention, the source path 105, the reference arm
path 305and the sample arm path 405 may all be provid-
ed by optical fiber.
[0043] In accordance with some embodiment of the
present invention, the reference arm 300 further includes
a collimator assembly 310, a variable attenuator 320 that
can be neutral density or variable aperture, a mirror as-
sembly 330, a reference arm variable path length adjust-
ment 340 and a path length matching position 345, i.e.
optical path length reference to the eye 500. As further
illustrated, the sample arm 400 according to some em-
bodiments of the present invention may include a dual-
axis scanner assembly 410 and an objective lens variable
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focus 420.
[0044] 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 540 in accordance with some embodiments of the
present invention may be a subject specific, age depend-
ent, pathology dependent axial optical eye length.
[0045] As further illustrated in Figure 1, a representa-
tion of an OCT imaging window 700 is illustrated near
the eye 500. The OCT imaging window is the depth over
which the SD-OCT system provides an image. The win-
dow depth is well-known to be a function of the sampling
interval of the spectral interferogram. The window depth
is measured from the position 345 in the sample arm path
at which the optical path length matches the reference
arm optical path length. An image may be acquired for
sample positions greater than or less than the reference
arm path length, such selection is a function of operator
choice and software image processing algorithms.
[0046] OCT systems in accordance with some embod-
iments of the present invention are configured with a ref-
erence arm path length adjustment module340. The ref-
erence arm path length adjustment module may include
any combination of the collimator assembly 310, the var-
iable attenuator 320, the mirror assembly 330, the refer-
ence arm variable path length adjustment 340 and the
path length matching position 345 of the reference arm
300 discussed above. In particular, the reference arm
path length adjustment module 340 is configured to man-
ually or automatically adjust the reference arm path
length such that the reference arm path length is based
on an eye length of the subject 540. The presence of this
module allows the OCT system to adjust to patients hav-
ing different eye lengths 540, thus allowing eyes of pa-
tients having immature eyes (pediatric patients), for ex-
ample, eyes having a length of less than 25mm, to be
accurately imaged. Eye length is measured as the dis-
tance between the cornea 510 and the retina. A mature
adult eye typically has a length of about 25mm and a
pediatric eye length can be from about 14mm to about
25mm. Accordingly, the reference arm path length ad-
justment module in accordance with some embodiments
of the present invention may be made capable to accom-
modate eye lengths ranging from about 10 mm to about
30mm, and preferable to accommodate eye lengths
ranging from about 2 mm to about 50mm, to accommo-
date fetal development and the mature eye of larger an-
imal models. The reference arm optical path length may
be optimized to correspond with a prescribed range of
offsets to a sample arm optical path length as measured
to a focal plane of the OCT system. The reference arm
path length may generally be selected to be offset from
the sample arm path length as measured to a focal plane
of the OCT imaging system with a range of 0 mm to 2mm,
and may be less than or greater than the corresponding
sample arm path length.
[0047] In some embodiments of the present invention,
the reference arm path length adjustment module is con-

figured to set a target reference arm path length based
on an age of the subject and/or a refractive status of the
eye of the subject. The target reference arm path length
may be set using the patient’s age and a standard table
for the growth of an eye. Such a table may be found in,
for example, A longitudinal study of the biometric and
refractive changes in full-term infants during the first year
of life by Pennie et al, Vision Research 41 (2001,
2799-2810). This target reference arm path length may
then be fine tuned based on additional information per-
taining to the subject that may be obtained, for example,
the patient’s actual measured eye length, ultrasound re-
sults or other relevant test results. The reference arm
path length may then be adjusted based on this additional
information to provide a more accurate OCT image.
[0048] As discussed above, OCT systems in accord-
ance with some embodiments of the present invention
may further include at least one lens in the sample arm
path 405 (scanner assembly 410) such that the at least
one lens in combination with the optical attributes of the
subject eye has a field curvature that matches a curvature
of a retina of the eye of the subject. In other words, the
lenses may be switched to conform to the eye length, for
example, 25mm or 14mm, of the patient. Thus, OCT sys-
tems discussed herein can be configured to image both
a mature eye and a pediatric eye. OCT systems in ac-
cordance with some embodiments of the present inven-
tion provide a wide field imaging system providing a field
of view of up to about 50 degrees. In combination with
rotation around the pupil of the eye, the pediatric lens
provides a field of view of 140 degrees.
[0049] As discussed above, the scanner assembly 410
including the at least one lens has an associated focus
adjustment provided by, for example, the objective lens
variable focus 420, that enables imaging into both ante-
rior and posterior regions of the posterior chamber of the
eye of the subject. Conventional systems do adjust for
normal refractive errors in an adult population. Such
adult-oriented systems have focal adjustment over the
range of +- 12 Diopters, to a maximum of +- 20 Diopters.
It is more critical in the pediatric population to provide
optics that can accommodate the range of congenital and
traumatic pathologies of this population. Such patholo-
gies include blastomas, requiring increased optical pow-
er to focus above the retina as much as 3 to 4 mm, and
aphakia (lack of ocular lens), requiring increased optical
power to overcome the lack of an ocular lens. In the most
extreme case of an aphakic child with a severe balastoma
or calcification, such that it is desirable to image as far
forward as the posterior plane of the iris, +110 Diopters
of focal power are required.
[0050] Some embodiments of the present invention
may provide lens that allow acquisition of an image from
an aphakic patient, i.e. a subject that does not have an
ocular lens in the eye or to image a patient with a blastoma
or calcification on or above the retina of the eye. The lens
of the present invention has a focal range from - 12 Di-
opters to + 50 Diopters, with an option to increase the
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power to +100 Diopters by increasing the zoom and de-
creasing the working distance to the subject. The refer-
ence arm must be adjusted to accommodate the effective
reduction in sample optical path length accordingly.
[0051] Standard imaging systems are fixed in a single
location and, therefore, patients must be brought to the
imaging system. As one can imagine, some patients can-
not be brought to the system and, therefore, these pa-
tients may not be provided with accurate images on which
to make a diagnosis. Accordingly, in accordance with
some embodiments of the present invention, the OCT
system is portable such that the OCT the system is pro-
vided to the subject where the subject is located. Thus,
portable OCT systems in accordance with some embod-
iments of the present invention may be moved to a loca-
tion of the subject, unplugged and/or receive new sam-
ples without being shutdown.
[0052] As illustrated in Figure 9, portable OCT systems
in accordance with some embodiments of the present
invention may include a portable handheld OCT probe
990, which will be discussed further below with respect
to Figure 12, a battery backup device 991 associated
with the portable handheld probe, such as a uninterrupt-
able power supply (UPS), and a moveable rack 992 con-
figured to receive the portable handheld probe and/or the
battery backup device.
[0053] The portable OCT system may further include
a fixation target for the subject as illustrated in Figure 13.
As illustrated in Figure 13, a continuous dynamic fixation
target and excitation source featuring a liquid crystal dis-
play (LCD), organic light emitting diode (OLED) displays,
scanning or projection microdisplays, and animated tar-
gets for patient comfort will be discussed. In particular,
a fixation display 800 associated with the portable OCT
system may include a dynamic fixation icon 810 config-
ured to provide a comfort image to the subject during
image acquisition. In some embodiments, the fixation tar-
get (icon) 810 is configured to provide a continuously
variable patient comfort image.
[0054] The provision of the fixation target 810 may al-
low a pediatric patient who is awake during image acqui-
sition to relax and, thus, enabling acquisition of a more
accurate image. The fixation target 810 may be any pa-
tient comfort image, such as a static or animate cartoon
character or icon, without departing from the scope of
the present invention.
[0055] Portable OCT systems in accordance with
some embodiments of the present invention may also
provide visible light that reflects off the cornea of the eye
of the subject to enable accurate positioning of the port-
able OCT system. In some embodiments, the portable
OCT system may include a video and/or digital fundus
camera as discussed further below. In some embodi-
ments, the portable OCT system further includes a foot
peddle and/or finger trigger configured to control focus
adjustment, reference arm path length adjustment and/or
trigger acquisition of an image. In still further embodi-
ments of the present invention, the portable OCT system

may further include a foot peddle and/or finger trigger
configured to control the OCT source power, attenuation
of OCT signal power in the reference arm path, the power
of the illumination for the video or digital fundus camera.
[0056] Images may be acquired using the portable
OCT system using many methods. For example, the port-
able OCT system may provide two synchronous images
to illustrate orthogonal pathology of an eye of the subject
to facilitate aiming of the portable OCT system during
image acquisition. In other words, the device may be
aimed at the portion of the eye to be imaged, present
images of nasal-temporal (horizontal) physiology side-
by-side with images of inferior-superior (vertical) physi-
ology and acquired by pushing a capture button on the
device.
[0057] In some embodiments, the portable OCT sys-
tem may be configured to acquire, process and display
images until an image capture button is activated at which
point a most recent portion of the acquired image is stored
in a buffer having a predetermined size. In some embod-
iments, the buffered image may include the most recent
from about 2.0 seconds to about 30 seconds of the ac-
quired image. In certain embodiments, the continuously
acquired image may be streamed to non-volatile memory
in a first-in, first-out fashion for a predetermined period
of time, such that, for example, a half hour or more of
streaming image may be captured.
[0058] Some OCT systems according to embodiments
of the present invention provide a quality-assessment
module configured to provide a figure of merit for the
quality of an acquired image. In particular, the quality
assessment module is configured to display a figure of
merit of an image acquisition technician, trigger adjust-
ment of the reference arm path length and or focusing of
at least one lens in the sample arm based on an assessed
quality of the displayed image and trigger the OCT sys-
tem to initiate or continue acquisition of the image after
adjustments are made. The figure of merit may be a
measure of brightness of the image, and may be com-
puted numerically and compared against a baseline of
the system, or may be assessed qualitatively by the pho-
tographer.
[0059] Accordingly, systems according to some em-
bodiments of the present invention are configured to op-
timize placement of reference path matching system to
within a prescribed distance of a focal plane of the optical
system. In other words, OCT systems discussed herein
are configured to focus on the correct place in the
eye/sample and match the path length to the subject ret-
ina or other target physiology or pathology. Thus, some
embodiments of the present invention provide methods
of providing path matching conditions coordinated to fo-
cal conditions for target surfaces. This is in contrast to
conventional systems where adjustments to the refer-
ence arm path length are made to make minor corrections
to a position of an image on a screen, but are not made
to coordinate subject eye length, focus and optimum po-
sition of reference arm length. As discussed above, con-
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ventional systems are designed for a mature eye having
a path length of about 25mm.
[0060] In particular, the pediatric population and adult
population experience drastically different problems with
their eyes. Pediatric patients have typically suffered a
trauma or have a congenital malformation that are well
away from the retinal plane typically imaged in adult pa-
tients. Accordingly, as discussed above, some embodi-
ments of the present invention provide variable reference
arm path lengths and adjustable objective lens focusing
that allow imaging of portions of the eye more relevant
to pediatric patients. Conventional systems do not pro-
vide for imaging of pediatric (immature) eyes having eye
lengths of less than about 25mm. Accordingly, some em-
bodiments of the present invention provide a much need-
ed pediatric OCT system as discussed herein.
[0061] Referring now to Figures 2 through 6, lens con-
figurations for various retinal imaging in accordance with
various embodiments of the present invention will be dis-
cussed. Figure 2 illustrates a lens configuration for Em-
metropic telecentric retinal imaging in accordance with
some embodiments of the present invention. Figure 3
illustrates a lens configuration for a hyper-focal retinal
imaging for blastoma imaging in accordance with some
embodiments of the present invention. Figure 4 illustrates
a lens configuration for a Hypo-focal retinal imaging for
aphakia without system accommodation in accordance
with some embodiments of the present invention. Figure
5 illustrates a lens configuration for hypo retinal imaging
aphakia with system accommodation in accordance with
some embodiments of the present invention. Figure 6
illustrates a lens configuration for retinal imaging, system
with accommodation for varying developmental eye
lengths in accordance with some embodiments of the
present invention.
[0062] Some or all of the following measurements are
relevant to the lens configurations of Figures 2 through
6 as illustrated thereon. L_1 is the telecentric objective
lens separation; L_2 is the working distance from the lens
to cornea 510; L_3 is the anterior eye length; L_4 is the
posterior eye length; L_5 is the axial eye length (L_5 =
L_3 + L_4); L_6 is the SDOCT imaging window depth;
L_7 is the offset between path length matched condition
and focus (|L_7| = |L_8| - L_9|); L_8 is the sample arm
optical path length (to focal beam waist); L_9 is the ref-
erence arm optical path length; L_10 is the change in
objective lens separation L_1 for change in focusing pow-
er; L_11 is the effective posterior eye length to subject
pathology; L_12 is the effective axial eye length (L_12 =
L_3 + L_11); L_14 is the sample arm optical path length
for hyper-focal imaging; and L_15 is adjusted reference
arm optical path length for hyper-focal imaging. A zoom
range L_1 enables a focal power of +100 Diopters.
[0063] Using these values in accordance with some
embodiments of the present invention, Δref is the change
in reference arm optical path length L_i - L_9, for exam-
ple, L_15 - L_9 for emmetropic -to -hyper-focal imaging.
Δsamp is the change in sample arm optical path length

L_j - L_8, for example, L_14 - L_8 for emmetropic -to -
hyper-focal imaging. |Δref - Δsamp| = ε, ε< L_6 is the
change in reference arm and sample arm length. This
change need not be precisely equal but will be unequal
by only a small amount ε that is less than the SDOCT
window depth.
[0064] Referring now to Figure 6, a lens configuration
for a retinal imaging system accommodating for varying
developmental eye lengths is illustrated therein. L_21 is
the adjusted reference arm optical path length for a ma-
turing eye, arbitrary developmental age 1. L_22 is the
adjusted reference arm optical path length for a maturing
eye, arbitrary developmental age 2. L_23 is the adjusted
reference arm optical path length for a mature eye.
[0065] Referring now to Figures 7A through 7C, dia-
grams illustrating Focal field curvature optimization to
posterior pole radius of curvature in accordance with
some embodiments of the present invention will be dis-
cussed. The following values are relevant to the values
illustrated in Figures 7A through 7C. D_1 is the optical
power of pediatric cornea; D_2 is the optical power of
pediatric lens; D_3 is the optical power of adult cornea;
D_4 is the optical power of adult lens; L 5 is the pediatric
axial eye length (optical length); L_23 is the adult axial
eye length (optical length); R_1 is the radius of curvature
of pediatric posterior pole; R_2 is the radius of curvature
of adult posterior pole; R_3 is the field curvature of pedi-
atric imaging optic at pediatric posterior pole; R_4 is the
field radius of curvature of adult imaging optic at pediatric
posterior pole; R_5 is the field radius of curvature of pedi-
atric imaging optic at adult posterior pole; N_1 is the re-
fractive index of cornea; N_2 is the refractive index of
lens; N_3 is the refractive index of vitreous humor; <N>
is the effective (path-averaged) refractive index of eye.
Furthermore, representative values are as follows D_1
is 60 Diopters; D_2 is 30 Diopters; D_3 is 43 Diopters;
D_4 is 21 Diopters; L_5 is 20 mm; L_23 is 34 mm; R_1
is 7 mm; R_2 is 12 mm; R_3 is 7 mm; R_4 is 6 mm; R_5
is 9 mm; N_1 is 1.38; N_2 is 1.57; N_3 1.33 and <N> is
1.37.
[0066] Taking these values into account, Figure 7A il-
lustrates a pediatric eye using pediatric optimized optics
in the OCT system; Figure 7B illustrates a pediatric eye
using adult optimized optics in the OCT system; and Fig-
ure 7C illustrates an adult eye using pediatric optimized
optics in the OCT system.
[0067] Figure 8 is a flowchart illustrating focus and ref-
erence optimization operations in accordance with some
embodiments of the present invention. Operations begin
at block 900 by obtaining patient data, such as age of
the patient, measure axial eye length of the patient, eye
length based on chart for eye growth, refractive correc-
tion information and the like. Once the patient data is
complete (block 900), a target focus correction and a
target reference arm position as discussed above with
respect to Figure 1 are set (blocks 910 and 920). Once
the focus correction and reference arm position are set,
imaging of the subject may commence (block 930). Once
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the image is obtained and displayed to the image acqui-
sition technician, the image may be assessed for quality
(block 940). The image may be assessed for qualities
such as visual image brightness, visual field curvature,
automated image quality metric, automated interfero-
gram quality metric and the like. Based on the image
quality assessment (block 940), it is determined if the
reference arm position is optimum (block 950 If it is de-
termined that the reference arm position is not optimum
(block 950), the reference arm position may be adjusted
(block 960) and a new image may be acquired using the
adjusted reference arm position (block 930). Once the
reference arm position is correct the focus may be opti-
mized. Similarly, based on the image quality assessment
(block 940), it is determined if the focus correction is op-
timum (block 970). If it is determined that the focus cor-
rection is not optimum (block 970), the focus position may
be adjusted (block 980) and a new image may be ac-
quired using the adjusted focus position (block 930).
[0068] If it is determined that both the reference arm
position and the focus position are optimum (blocks 950
and 970), the image may be acquired using the fully ad-
justed OCT system in accordance with some embodi-
ments of the present invention (block 990). Acquisition
of the image (block 990) may include display of the image
on an electronic display associated with the OCT system.
[0069] In the present invention the adjustment of the
reference arm position and the adjustment of the focus
position are performed simultaneously.
[0070] Figure 10 is a graph of normalized illuminance
vs. wavelength illustrating wavelength allocation of opti-
cal path lengths scan head in accordance with some em-
bodiments of the present invention. Figure 11 is a graph
of spot diameter vs. angle illustrating Field of view by
lateral resolution imaging pediatric eye with different op-
tics in accordance with some embodiments of the present
invention. The (a) curve of Figure 11 illustrates results
using pediatric optimized optics and the (b) curve illus-
trates results using adult-optimized optics.
[0071] Figure 12 is a block diagram illustrating a multi-
function scanner system including OCT, video or digital
fundus image capture, fundus illumination, and discrete
or variable fixation target in accordance with some em-
bodiments of the present invention. In some embodi-
ments, Figure 12 illustrates a portable OCT system in
accordance with some embodiments of the present in-
vention.
[0072] As illustrated in Figure 12, an exemplary
SDOCT system 1200 designed for pediatric and other
non-standard patients is illustrated. The optical of the
system 1200 of Figure 12 combines the three primary
functions of SDOCT scanning, video fundus illumination
and imaging, and a video fixation target-all at a size small-
er than currently available handheld slitlamp and fundus
camera implementations. The front objective lens forms
an image of the retina and then the image is relayed into
four paths via beamsplitters. The objective lens has a
variable focus and in some embodiments a manual trans-

lation capability to accommodate a -12D to +50D diopter
range of patient spherical error. The working distance to
the subject eye is 20mm.
[0073] The OCT path includes a short pass filter con-
figured to reflect wavelengths from 820nm to 950nm and
transmit wavelengths below 800nm for the fixation and
fundus paths. The OCT path uses a 3 mm diameter fiber
collimator incident on the 2D scanner, with a lens to form
an image or the fiber at the retina image plane. The com-
bined focal lengths of the objective and OCT lens are
designed to deliver a 2 mm diameter collimated beam on
the cornea. This may yield a 16um diameter Gaussian
spot on the retina. The pivot point of the scanner and the
pupil on the eye are conjugate points. Thus, scanning
through the amydriatic eye may be possible.
[0074] The fundus imaging and illumination path pro-
vide video-rate fundus imaging simultaneously with
SDOCT imaging may be used as an aid to real-time align-
ment of the SDOCT probe. A 700 nm LED may be used
for illumination providing patient comfort and to provide
a clear view of the color microdisplay used for fixation.
In some embodiments, the CCD to be used will be an
NIR enhanced Sony 1/3" CCD. The technique used for
reducing and possibly eliminating glare may use cross
polarization with a polarization beamsplitter (PBS) to co-
align the illumination and imaging paths. Ring illumination
may reduce glare from the cornea.
[0075] As further discussed above, some embodi-
ments of the present invention provided a good-quality
video/digital fundus camera. Mechanical considerations
such as the weight, shape and balance of the scanner,
as well as ergonomic considerations such as how the
operator views the resulting images while manipulating
the scanner are variables that can produce success. An
exemplary mechanical concept for the case and operator
interface design of the handheld scanner is illustrated in
Figure 14. This design includes a case designed to be
steadied by being held in both hands, with a rotational
Diopter adjustment on the barrel. The novel ergonomic
features of the design include a miniature landscape vid-
eo display for side-by-side simultaneous observation of
video fundus and SDOCT images, as well as buttons and
controls embedded into the casing to allow for control of
SDOCT data acquisition fully independent of the compu-
ter keyboard. It will be understood that Figure 14 is pro-
vided for exemplary purposes only and, therefore, em-
bodiments of the present invention are not limited to this
configuration.
[0076] As discussed above, some embodiments of the
present invention provide a handheld SDOCT device for
pediatric imaging configured with high-speed OCT scan-
ning optics (with expanded FOV and ’iris camera’ per-
formance for ease of use) suitable for 2D and 3D retinal
imaging as illustrated in Figure 15. Figure 15 illustrates
a ZEMAX rendering of an exemplary optical design to
provide greatly increased FOV, for example, 66° With
diffraction limited spot size ≤10um. This design utilizes
smaller diameter lenses to allow much closer approach
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to the eye past the nose, orbital rim, etc as illustrated in
Figure 16. Working distance may be about 20 mm in
some embodiments.
[0077] Figure 16 is a ZEMAX illustration of how the
system in accordance with some embodiments of the
present invention with smaller lenses allows viewing the
most peripheral retina (with spot radius ≤13um) by allow-
ing very oblique approach (to 60° from the temporal and
inferior directions, and about 45° from the nasal and su-
perior directions as shown in the schematic eye of a new-
born.
[0078] In some embodiments of the present invention,
a diopter-calibrated manual twist focus control capable
of- -12D to + 50D adjustment is provided on the system
as illustrated in Figure 17. In particular, Figure 17 is a
Solidworks illustration of a design for the portable OCT
systems optics barrel, with calibrated manual twist focus
control capable of -12D to + 50 D adjustment to allow
users to obtain good focus on the retina for 99%+ of the
pediatric and general population. Figure 18 is a Solid-
works illustration of a reference arm design with axes for
motorized control to translate a retroreflector (corner
cube), allowing rapid access to a range of OPLs sufficient
to accept 99% of the pediatric and general population.
[0079] As discussed above, the initial set point for the
reference arm length for patients who eye length (AL)
has not been measured, will be set according to an es-
timate of AL based on patient age (in pediatric patients)
and refractive state (if known). Furthermore, in addition
to pre-setting the reference arm length to match the ex-
pected AL of the patient based on prior A-scan measure-
ment or correlation with patient age and SER, an auto-
matic reference arm tracking of retinal position may also
be included in some embodiments of the present inven-
tion. Retinal tracking may be implemented using a new
compact, motorized reference arm design illustrated in
Figure 18 and control software. This new reference arm
design may be adjustable over 200 mm of axial motion,
well in excess of the variation in AL expected among the
pediatric population and with enough extra length to per-
mit tracking 50 mm of patient/operator relative motion.
In some embodiments, the reference arm is driven by a
computer-controlled stepper motor which can translate
the delay up to 110 mm/sec, which is sufficient to follow
operator manipulations of the probe and most patient/op-
erator relative motions. The reference arm position may
be controlled by a simple and fast image processing al-
gorithm which will search a subset of SDOCT image A-
scans spread across the lateral scan dimension for the
prominent ILM reflection, and use this reflection to main-
tain the reference arm at a position which places the ret-
inal OCT image at the optimal SNR position within the
image frame. The ILM reflection can be readily identified
on retinal OCT A-scans by a simple threshold algorithm.
To keep the algorithm from locking onto other ocular
structures (such as the cornea and lens capsule as the
probe is advanced), the operator will turn on retinal track-
ing using a foot pedal switch only after the macular re-

flection has been obtained. There is no risk to either pa-
tient or operator from this control mechanism, which is
contained within the engine chassis.
[0080] As discussed above, some aspects of the
present invention may be implemented by a data
processing system. Exemplary embodiments of a data
processing system 130 configured in accordance with
embodiments of the present invention will be discussed
with respect to Figure 19. The data processing system
1930 may include a user interface 1944, including, for
example, input device(s) such as a keyboard or keypad,
a display, a speaker and/or microphone, and a memory
1936 that communicate with a processor 1938. The data
processing system 1930 may further include I/O data
port(s) 1946 that also communicates with the processor
1938. The I/O data ports 1946 can be used to transfer
information between the data processing system 1930
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 sys-
tems, which may be configured to operate as described
herein.
[0081] Referring now to Figure 20, a more detailed
block diagram of a data processing system of Figure 19
is provided that illustrates systems, methods, and com-
puter program products in accordance with some em-
bodiments of the present invention will now be discussed.
As illustrated in Figure 20, the processor 1938 commu-
nicates with the memory 1936 via an address/data bus
2048, the I/O data ports 1946 via address/data bus 2049
and the electronic display 1939 via address/data bus
2050. The processor 1938 can be any commercially
available or custom enterprise, application, personal,
pervasive and/or embedded microprocessor, microcon-
troller, digital signal processor or the like. The memory
1936 may include any memory device containing the soft-
ware and data used to implement the functionality of the
data processing system 1930. The memory 1936 can
include, but is not limited to, the following types of devic-
es: ROM, PROM, EPROM, EEPROM, flash memory,
SRAM, and DRAM.
[0082] As further illustrated in Figure 20, the memory
136 may include several categories of software and data
used in the system: an operating system 2052; applica-
tion programs 2054; input/output (I/O) device drivers
2058; and data 2056. As will be appreciated by those of
skill in the art, the operating system 2052 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 from Microsoft Corporation, Redmond,
WA, Palm OS, Symbian OS, Cisco IOS, VxWorks, Unix
or Linux. The I/O device drivers 2058 typically include
software routines assessed through the operating sys-
tem 2052 by the application programs 2054 to commu-
nicate with devices such as the I/O data port(s) 1946 and
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certain memory 1936 components. The application pro-
grams 2054 are illustrative of the programs that imple-
ment the various features of the some embodiments of
the present invention and may include at least one ap-
plication that supports operations according to embodi-
ments of the present invention. Finally, as illustrated, the
data 2056 may include captured buffer data 2059 and
streamed data 260, which may represent the static and
dynamic data used by the application programs 2054,
the operating system 2052, the I/O device drivers 2058,
and other software programs that may reside in the mem-
ory 1036.
[0083] As further illustrated in Figure 20, according to
some embodiments of the present invention, the appli-
cation programs 2054 include a reference arm path
length adjustment module 2065 and a quality assessing
module 2070. While the present invention is illustrated
with reference to the reference arm path length adjust-
ment module 2065 and the quality assessing module
2070 as being application programs in Figure 20, as will
be appreciated by those of skill in the art, other configu-
rations fall within the scope of the present invention. For
example, rather than being application programs 2054,
these circuits and modules may also be incorporated into
the operating system 2052 or other such logical division
of the data processing system. Furthermore, while the
reference arm path length adjustment module 2065 and
the quality assessing module 2070 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 20, but may be provided by other arrangements
and/or divisions of functions between data processing
systems. For example, although Figure 20 is illustrated
as having various circuits, one or more of these circuits
may be combined without departing from the scope of
the present invention.
[0084] Details of operations of the reference arm path
length adjustment module 2065 are discussed above.
The quality assessing module 2070 is configured to aid
a technician in assessing the quality of an image creating
using systems in accordance with some embodiments
of the present invention. In some embodiments, the qual-
ity assessing module may be configured to display an
acquired image to an image acquisition technician; trig-
ger adjustment of the reference arm path length and/or
focusing of at least one lens in the sample arm based on
an assessed quality of the displayed image; and trigger
the OCT system to initiate or continue acquisition of the
image after adjustments are made.
[0085] The present invention provides optical coher-
ence tomography (OCT) imaging systems for imaging an
eye including a source having an associated source arm
path and 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 a detector path having a detector
are provided. The sample path and the reference path
couple to the detector path to provide an interferometric
optical signal to the detector. A reference arm path length
adjustment module is coupled to the reference arm. The
reference arm path length adjustment module is config-
ured to adjust the reference arm path length such that
the reference arm path length is matched to the sample
arm path length that includes an eye length of the subject.
[0086] The OCT imaging system is a Fourier domain
optical coherence tomography (FD-OCT) imaging sys-
tem. The FD-OCT imaging system may be a Spectral-
domain OCT (SD-OCT) imaging system. SD-OCT uses
a broadband light source and achieves spectral discrim-
ination with a dispersive spectrometer in the detector
arm. Alternatively, the FD-OCT imaging system may be
a swept-source OCT (SS-OCT) imaging system. SS-
OCT time-encodes wavenumber by rapidly tuning a nar-
rowband source through a broad optical bandwidth. The
FD-OCT imaging system may utilize aspects of both SD-
OCT and SS-OCT. In further embodiments of the present
invention, the reference arm path length may be adjusted
to accommodate eye lengths ranging from about 10 mm
to about 30mm, and preferable to accommodate eye
lengths ranging from about 2 mm to about 50mm, to ac-
commodate fetal development and the mature eye of
larger animal models. The reference arm optical path
length may be optimized to correspond with a prescribed
range of offsets to a sample arm optical path length as
measured to a focal plane of the OCT system. The ref-
erence arm path length may generally be selected to be
offset from the sample arm path length as measured to
a focal plane of the OCT imaging system with a range of
0 mm to 2mm, and may be less than or greater than the
corresponding sample arm path length.
[0087] In still further embodiments of the present in-
vention, at least one lens of the OCT system is provided
in the sample arm path and at least one refracting surface
of the subject eye is provided in the sample arm path,
the at least one lens and at least one refracting surface
of the subject eye defining an optical system having an
optical field curvature that matches a physical curvature
of a retina of the eye of the subject. The at least one lens
may be configured to image a mature eye or an immature
eye. A distance from a cornea to a retina of the mature
eye may be about 25 mm and a the distance from the
cornea to the retina of the pediatric eye may be from
about 14mm to about 25mm.
[0088] In some embodiments of the present invention,
the at least one lens may have an associated focus ad-
justment that enables imaging into both anterior and pos-
terior portions of the eye of the subject.
[0089] In some embodiments of the present invention,
the at least one lens may have an associated focus ad-
justment that enables imaging into anterior regions of the
posterior chamber of the eye of the subject.
[0090] In further embodiments of the present invention,
the system may be a wide field imaging system providing
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a field of view of about 50 degrees.
[0091] In still further embodiments of the present in-
vention, the reference arm path length adjustment mod-
ule may be configured to set a target reference arm path
length based on an age of the subject; a refractive status
of the eye of the subject; and/or adjust the target refer-
ence arm path length based on additional information
pertaining to the subject. The additional information per-
taining to the subject may include measured axial eye
length of the subject and/or any relevant test results.
[0092] In some embodiments of the present invention,
the OCT system may be portable such that the OCT the
system is provided to the subject where the subject is
located. The portable OCT system may be configured to
be moved to a location of the subject, unplugged and/or
receive new samples without being shutdown.
[0093] In some embodiments of the present invention,
the OCT system may be portable such that the OCT the
system is provided to the subject in any orientation of the
subject. The portable OCT system may be aligned to the
subject whether the subject is sitting, standing, lying
prone, lying supine, at any associated angle.
[0094] In further embodiments of the present invention,
the portable OCT system may include a portable hand-
held OCT probe; a battery backup device associated with
the portable handheld probe; and a moveable rack con-
figured to receive the portable handheld probe and/or the
battery backup device.
[0095] In still further embodiments of the present in-
vention, the portable OCT system may further include a
fixation target for the subject configured to provide a com-
fort image to the subject during image acquisition. The
fixation target may be configured to provide a continu-
ously variable patient comfort image. The fixation target
may include an image of a character, a photograph, or
an icon, and the image photograph or icon may be ani-
mated to maintain the subject’s attention and relaxation.
[0096] In some embodiments of the present invention,
the portable OCT system may be configured to provide
a visible light that reflects off a cornea of the eye of the
subject to enable accurate positioning of the portable
OCT system.
[0097] In further embodiments of the present invention,
the portable OCT system may include a video and/or
digital fundus camera. The video and/or digital fundus
camera may be aligned and calibrated to the OCT sys-
tem.
[0098] In still further embodiments of the present in-
vention, the portable OCT system may further include a
foot peddle and/or finger trigger configured to control fo-
cus adjustment, reference arm path length adjustment
and/or trigger acquisition of an image.
[0099] In still further embodiments of the present in-
vention, the portable OCT system may further include a
foot peddle and/or finger trigger configured to control the
OCT source power, attenuation of OCT signal power in
the reference arm path, the power of the illumination for
the video or digital fundus camera.

[0100] In some embodiments of the present invention,
the portable OCT system may be configured to provide
two synchronous images to illustrate orthogonal pathol-
ogy of an eye of the subject to facilitate aiming of the
portable OCT system during image acquisition.
[0101] In further embodiments of the present invention,
the portable OCT system may be configured to continu-
ously acquire, process and display images until detection
of an image capture trigger signal; and record a prede-
termined buffered portion of the acquired image upon
detection of the image capture trigger signal. In certain
embodiments, the buffered image comprises the most
recent from about 2.0 seconds to about 30 seconds of
the acquired image.
[0102] In still further embodiments of the present in-
vention, the continuously acquired image may be
streamed non-volatile storage for a predetermined period
of time.
[0103] In some embodiments of the present invention,
the system includes a quality-assessing module config-
ured to figure of merit for the quality of an acquired image;
trigger adjustment of the reference arm path length and
or focusing of at least one lens in the sample arm based
on an assessed quality of the displayed image; and trig-
ger the OCT system to initiate or continue acquisition of
the image after adjustments are made.
[0104] In further embodiments of the present invention
the OCT system may be configured to acquire an image
from an aphakic subject that does not have an ocular
lens in the eye being imaged.
[0105] In further embodiments of the present invention
the OCT system may be configured to acquire an image
of pathologies that are substantially anterior to the pos-
terior pole, or retina of the subject, but still nominally with-
in the anterior chamber of the eye of the subject. In still
further embodiments of the present invention, the OCT
system may be a pediatric OCT system.
[0106] Some embodiments of the present invention
provide OCT imaging systems for imaging an eye includ-
ing a source having an associated source arm path and
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 hav-
ing an associated sample arm path coupled to the source
arm and reference arm paths is provided. At least one
lens is provided in the sample arm path, the at least one
lens having a field curvature that matches a curvature of
a retina of the eye of the subject.
[0107] The present invention provides methods for im-
aging an eye in an optical coherence tomography (OCT)
imaging system including setting a target reference arm
path length of the OCT system such that the reference
arm path length is matched to an eye length of a subject;
obtaining additional information about the subject rele-
vant to the target reference arm path length; recalibrating
the reference arm path length based on the obtained in-
formation; and adjusting the reference arm path length
based on the recalibrated reference arm path length.
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[0108] In still further embodiments of the present in-
vention, an image is acquired using the OCT system hav-
ing the adjusted reference arm path length. The method
further includes accessing the image quality of the ac-
quired image; determining if the adjusted reference arm
path length is optimum; further adjusting the reference
arm path length if it is determined that the adjusted ref-
erence arm path length is not optimum; and reacquiring
the image using the OCT system having the further ad-
justed reference arm path length.
[0109] Adjusting the reference arm path length is ac-
complished manually or automatically based on feed-
back from an operator or an image quality metric on an
acquired image.
[0110] In still further embodiments of the present in-
vention the quality metric is the average or peak bright-
ness of the image.
[0111] The steps of accessing, determining, further ad-
justing and reacquiring are repeated until an image hav-
ing a desired quality is obtained.
[0112] Further adjusting is followed by determining if
a focus of at least one objective lens of the OCT system
is optimum; and adjusting focus position of the at least
one objective lens of the OCT system if it is determined
that the focus of the at least one objective lens is not
optimum, wherein reacquiring the image further compris-
es reacquiring the image using the OCT system having
the further adjusted reference arm path length and the
adjusted focus.
[0113] Adjusting the focus is accomplished manually
or automatically based on feedback from an operator or
an image quality metric on an acquired image.
[0114] The quality metric is the average or peak bright-
ness of the image.
[0115] The present invention provides computer pro-
gram products for imaging an eye in OCT imaging sys-
tems including computer readable storage medium hav-
ing computer readable program code embodied in said
medium. The computer readable program code includes
computer readable program code configured to set a tar-
get reference arm path length of the OCT system such
that the reference arm path length is matched to an eye
length of a subject; computer readable program code
configured to obtain additional information about the sub-
ject relevant to the target reference arm path length; com-
puter readable program code configured to recalibrate
the reference arm path length based on the obtained in-
formation; computer readable program code configured
to automatically adjust the reference arm path length
based on the recalibrated reference arm path length; and
computer readable program code configured to acquire
an image using the OCT system having the adjusted ref-
erence arm path length and display the acquired image
on an electronic display associated with the OCT system.
[0116] Example embodiments are described above
with reference to block diagrams and/or flowchart illus-
trations of methods, devices, systems and/or computer
program products. It is understood that a block of the

block diagrams and/or flowchart illustrations, and com-
binations of blocks in the block diagrams and/or flowchart
illustrations, can be implemented by computer program
instructions. These computer program instructions are
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 process-
ing apparatus, create means (functionality) and/or struc-
ture for implementing the functions/acts specified in the
block diagrams and/or flowchart block or blocks.
[0117] These computer program instructions are
stored in a computer-readable memory that can direct a
computer or other programmable data processing appa-
ratus 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.
[0118] The computer program instructions are also
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 program-
mable apparatus to produce a computer-implemented
process such that the instructions which execute on the
computer or other programmable apparatus provide
steps for implementing the functions/acts specified in the
block diagrams and/or flowchart block or blocks.
[0119] Accordingly, example embodiments are imple-
mented in hardware and/or in software (including
firmware, resident software, micro-code, etc.). Further-
more, example embodiments are 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 me-
dium for use by or in connection with an instruction exe-
cution system. In the context of this document, a com-
puter-usable or computer-readable medium may be any
medium that can contain, store, communicate, propa-
gate, or transport the program for use by or in connection
with the instruction execution system, apparatus, or de-
vice.
[0120] The computer-usable or computer-readable
medium are, for example but not limited to, an electronic,
magnetic, optical, electromagnetic, infrared, or semicon-
ductor system, apparatus, device, or propagation medi-
um. 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 port-
able computer diskette, a random assess memory
(RAM), a read-only memory (ROM), an erasable pro-
grammable read-only memory (EPROM or Flash mem-
ory), 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 print-
ed, as the program can be electronically captured, via,
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for instance, optical scanning of the paper or other me-
dium, then compiled, interpreted, or otherwise processed
in a suitable manner, if necessary, and then stored in a
computer memory.
[0121] Computer program code for carrying out oper-
ations 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, compu-
ter program code for carrying out operations of example
embodiments may also be written in other programming
languages, such as, but not limited to, interpreted lan-
guages. Some modules or routines may be written in
assembly language or even micro-code to enhance per-
formance and/or memory usage. However, embodi-
ments are not limited to a particular programming lan-
guage. It will be further appreciated that the functionality
of any or all of the program modules may also be imple-
mented using discrete hardware components, one or
more application specific integrated circuits (ASICs), or
a programmed digital signal processor or microcontroller.
[0122] 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 func-
tionality 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 integrat-
ed.
[0123] 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 de-
parting from the principles of the present invention. Ac-
cordingly, 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. A Fourier domain optical coherence tomography
(FDOCT) imaging system for imaging an eye (500),
the system comprising:

a source (100) having an associated source arm
path (105);
a reference arm (300) having an associated ref-
erence arm path (305) coupled to the source
path (105), the reference arm path (305) having
an associated reference arm path length;
a sample having an associated sample arm path
(405) coupled to the source arm and reference

arm paths (105, 305);
a reference arm path length adjustment module
coupled to the reference arm (300), the refer-
ence arm path length adjustment module con-
figured to automatically adjust the reference arm
path length such that the reference arm path
length is based on an eye length of the subject
and a quality of an image produced by the sys-
tem; and
a quality assessing module, the quality assess-
ing module configured to:

display an acquired image to an image ac-
quisition technician;
trigger adjustment of the reference arm path
length and simultaneously of focusing of at
least one lens (420) in the sample arm (400)
based on an assessed quality of the dis-
played image; and
trigger the FDOCT system to initiate or con-
tinue acquisition of the image after adjust-
ments are made.

2. The FDOCT system of Claim 1, wherein the refer-
ence arm path length is adjusted to accommodate
subject eye lengths in the sample arm ranging from
about 2.0mm to about 50mm.

3. The FDOCT system of Claim 2, wherein the refer-
ence arm path length is optimized based on a sample
arm optical path length to within a prescribed offset
from a focal plane of the OCT system.

4. The FDOCT system of Claim 1, further comprising
a lens system comprising at least one lens 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 eye of the subject and
wherein the at least one lens is configured to image
a mature eye or a pediatric eye.

5. The FDOCT system of Claim 4, wherein a distance
from a cornea to a retina of the mature eye is about
25 mm and a the distance from the cornea to the
retina of the pediatric eye is from about 14mm to
about 25mm.

6. The FDOCT system of Claim 5, wherein the at least
one lens has an associated focus adjustment that
enables imaging into both anterior and posterior re-
gions of the posterior chamber of the eye of the sub-
ject.

7. The FDOCT system of Claim 6, wherein the focus
adjustment accommodates from about +30D to
about +100 D of additional focal power.

8. The FDOCT system of Claim 1, wherein the system
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is a wide field imaging system providing a field of
view of about equal to or greater than 50 degrees or
equal to or greater than 140 degrees in combination
with rotation about a pupil.

9. The FDOCT system of Claim 1, wherein the refer-
ence arm path length adjustment module is config-
ured to set a target reference arm path length based
on additional information pertaining to the subject,
the additional information comprising:

a refractive status of the eye of the subject;
measured axial eye length of the subject; and/or
any relevant test results.

10. The FDOCT system of Claim 1:

wherein the FDOCT system is portable such that
the FDOCT system is provided to the subject
where the subject is located;
wherein the portable FDOCT system is config-
ured to provide imaging to a subject independent
of the orientation of the subject; and
wherein the portable FDOCT system is config-
ured to be moved to a location of the subject,
unplugged and/or receive new samples without
being shutdown.

11. The FDOCT system of Claim 10, wherein the port-
able FDOCT system comprises:

a portable handheld FDOCT probe;
a battery backup device associated with the
portable handheld probe; and
a moveable rack configured to receive the port-
able handheld probe and/or the battery backup
device.

12. The FDOCT system of Claim 10, wherein the port-
able FDOCT system is configured to provide a visible
light that reflects off a cornea of the eye of the subject
to enable accurate positioning of the portable
FDOCT system.

13. The FDOCT system of Claim 10, wherein the port-
able FDOCT system further comprises a foot pedal
and/or finger trigger configured to control focus ad-
justment, reference arm path length adjustment
and/or trigger acquisition of an image.

14. The FDOCT system of Claim 10, wherein the port-
able FDOCT system is configured to provide two or-
thogonal images to illustrate pathology of an eye of
the subject to facilitate aiming of the portable FDOCT
system during image acquisition.

15. The FDOCT system of Claim 10, wherein the port-
able FDOCT system configured to:

continuously acquire images until detection of
an image capture trigger is detected;
and
record a predetermined buffered portion of the
acquired image upon detection of the image
capture trigger.

16. The FDOCT system of Claim 1, wherein the FDOCT
system is configured to acquire an image from an
aphakic subject.

17. A method for imaging an eye in a Fourier domain
optical coherence tomography (FDOCT) imaging
system according to claim 1, the method comprising:

setting a target reference arm path length of the
FDOCT system such that the reference arm path
length is based on an eye length of a subject;
obtaining additional information about the sub-
ject relevant to the target reference arm path
length;
recalibrating the reference arm path length
based on the obtained information;
automatically adjusting the reference arm path
length based on the recalibrated reference arm
path length, wherein adjusting the reference arm
path length further includes adjusting the refer-
ence arm path length based on an assessed
quality of an image produced by the system;
acquiring an image using the FDOCT system
having the adjusted reference arm path length;
assessing the image quality of the acquired im-
age;
determining if the adjusted reference arm path
length is optimum;
further adjusting the reference arm path length
if it is determined that the adjusted reference
arm path length is not optimum; and
reacquiring the image using the FDOCT system
having the further adjusted reference arm path
length; wherein the steps of assessing, deter-
mining, further adjusting and reacquiring are re-
peated until an image having a desired quality
is obtained; and wherein further adjusting is fol-
lowed by:
determining if a focus of at least one objective
lens (420) of the FDOCT system is optimum; and
adjusting focus position of the at least one ob-
jective lens (420)of the FDOCT system if it is
determined that the focus of the at least one ob-
jective lens (420) is not optimum,
wherein reacquiring the image further compris-
es reacquiring the image using the FDOCT sys-
tem having the further adjusted reference arm
path length and the adjusted focus.

18. A computer program product for imaging an eye in
a Fourier domain optical coherence tomography
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(FDOCT) imaging system according to claim 1, 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 config-
ured to implement the method of Claim 17
and to display the acquired image on an
electronic display associated with the
FDOCT system, wherein the reference arm
path length is adjusted based on an as-
sessed quality of the displayed image.

Patentansprüche

1. Fourier-Domänen-optisches Kohärenztomogra-
phie- (FDOCT) Abbildungssystem zum Abbilden ei-
nes Auges (500), wobei das System Folgendes auf-
weist:

eine Quelle (100) mit einem assoziierten Quel-
lenarmpfad (105);
einen Referenzarm (300) mit einem assoziierten
Referenzarmpfad (305), der an den Quellenpfad
(105) gekoppelt ist, wobei der Referenzarmpfad
(305) eine assoziierte Referenzarmpfadlänge
aufweist;
eine Probe mit einem assoziierten Quellen-
armpfad (405), der an die Quellenarm- und Re-
ferenzarmpfade (105; 305) gekoppelt ist;
ein Referenzarmpfadlängeneinstellungsmodul,
das an den Referenzarm (300) gekoppelt ist,
wobei das Referenzarmpfadlängeneinstel-
lungsmodul konfiguriert ist, um die Referen-
zarmpfadlänge automatisch derart einzustellen,
dass die Referenzarmpfadlänge auf einer Au-
genlänge des Subjekts bzw. der Testperson und
einer Qualität eines Bildes, das von dem System
produziert wird, basiert; und
ein Qualitätsbewertungsmodul, wobei das Qua-
litätsbewertungsmodul konfiguriert ist um:

ein akquiriertes Bild gegenüber einem
Bildakquisetechniker anzuzeigen;
eine Einstellung der Referenzarmpfadlän-
ge und gleichzeitig eines Fokussierens zu-
mindest einer Linse (420) in dem Proben-
arm (400) basierend auf der Qualität des
angezeigten Bildes auszulösen; und
auszulösen, dass das FDOCT-System eine
Akquise des Bildes initiiert oder fortsetzt,
nachdem die Einstellungen gemacht wor-
den sind.

2. FDOCT-System nach Anspruch 1, wobei die Refe-
renzarmpfadlänge eingestellt wird, um Testperso-
nenaugenlängen in dem Probenarm aufzunehmen,
die von ungefähr 2,0 mm bis ungefähr 50 mm rei-
chen.

3. FDOCT-System nach Anspruch 2, wobei die Refe-
renzarmpfadlänge basierend auf einer Probenarm-
optischen Pfadlänge zu innerhalb eines festgesetz-
ten Versatzes von einer Fokalebene des OCT-Sys-
tems optimiert wird.

4. FDOCT-System nach Anspruch 1, ferner aufwei-
send ein Linsensystem, das zumindest eine Linse in
dem Probenarmpfad und zumindest eine Oberfläche
des Auges aufweist, wobei das Linsensystem eine
Feldkrümmung aufweist, die zu einer Krümmung ei-
ner Retina des Auges der Testperson passt und wo-
bei die zumindest eine Linse konfiguriert ist, um ein
voll entwickeltes Auge oder ein pädiatrisches Auge
abzubilden.

5. FDOCT-System nach Anspruch 4, wobei ein Ab-
stand von einer Kornea zu einer Retina des voll ent-
wickelten Auges ungefähr 25 mm ist und ein Abstand
von der Cornea zu der Retina des pädiatrischen Au-
ges ungefähr 14 mm bis ungefähr 25 mm ist.

6. FDOCT-System nach Anspruch 5, wobei die zumin-
dest eine Linse eine assoziierte Fokuseinstellung
aufweist, die ein Abbilden sowohl in vordere als auch
in hintere Bereiche der hinteren Augenkammer der
Testperson ermöglicht.

7. FDOCT-System nach Anspruch 6, wobei die Fokus-
einstellung von ungefähr +30 D bis ungefähr +100
D zusätzlicher Fokalkraft aufnimmt.

8. FDOCT-System nach Anspruch 1, wobei das Sys-
tem ein Weitfeldabbildungssystem ist, das ein Sicht-
feld von ungefähr gleich zu oder größer als 50 Grad
oder gleich zu oder größer als 140 Grad in Kombi-
nation mit einer Drehung um eine Pupille bereitstellt.

9. FDOCT-System nach Anspruch 1, wobei das
Referenzarmpfadlängeneinstellungsmodul konfigu-
riert ist, um eine Zielreferenzarmpfadlänge basie-
rend auf einer zusätzlichen Information, die die Test-
person betrifft, einzustellen, wobei die zusätzliche
Information Folgendes aufweist:

einen Brechungsstatus des Auges der Testper-
son;
eine gemessene axiale Augenlänge der Test-
person; und/oder irgendwelche relevanten Te-
stresultate.

10. FDOCT-System nach Anspruch 1:
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wobei das FDOCT-System derart tragbar ist,
dass das FDOCT-System gegenüber der Test-
person bereitgestellt wird, wo die Testperson
sich befindet;
wobei das tragbare FDOCT-System konfiguriert
ist, um ein Abbilden auf eine Testperson unab-
hängig von der Aurichtung der Testperson be-
reitzustellen; und
wobei das tragbare FDOCT-System konfiguriert
ist, um zu einem Ort der Testperson bewegt zu
werden, abgesteckt zu werden und/oder neue
Proben aufzunehmen, ohne abgeschaltet zu
werden.

11. FDOCT-System nach Anspruch 10, wobei das trag-
bare FDOCT-System Folgendes aufweist:

einen tragbaren handgehaltenen FDOCT-Tes-
ter
eine Batterie-Backup-Vorrichtung, die mit dem
tragbaren handgehaltenen Tester assoziiert ist;
und
ein bewegbares Gestell, das konfiguriert ist, um
den tragbaren handgehaltenen Tester und/oder
die Batterie-Backup-Vorrichtung zu empfangen.

12. FDOCT-System nach Anspruch 10, wobei das trag-
bare FDOCT-System konfiguriert ist, um ein sicht-
bares Licht bereitzustellen, das von einer Cornea
des Auges der Testperson reflektiert wird, um ein
genaues Positionieren des tragbaren FDOCT-Sys-
tems zu aktivieren.

13. FDOCT-System nach Anspruch 10, wobei das trag-
bare FDOCT-System ferner ein Fußpedal und/oder
einen Fingerauslöser aufweist, der oder das konfi-
guriert ist, um eine Fokuseinstellung, eine Referen-
zarmpfadlängeneinstellung zu steuern und/oder ei-
ne Akquise eines Bildes auszulösen.

14. FDOCT-System nach Anspruch 10, wobei das trag-
bare FDOCT-System konfiguriert ist, um zwei ortho-
gonale Bilder bereitzustellen, um eine Pathologie ei-
nes Auges der Testperson darzustellen, um ein Aus-
richten des tragbaren FDOCT-Systems während ei-
ner Akquise bzw. Aufnahme zu erleichtern.

15. FDOCT-System nach Anspruch 10, wobei das trag-
bare FDOCT-System konfiguriert ist um:

kontinuiertlich Bilder aufzunehmen, bis eine Er-
fassung eines Bildaufnahmeauslösers erfasst
wird; und
einen vorbestimmten gepufferten Abschnitt des
akquirierten Bildes bei einer Erfassung des Bild-
aufnahmeauslösers aufzunehmen.

16. FDOCT-System nach Anspruch 1, wobei das

FDOCT-System konfiguriert ist, um ein Bild von einer
aphakischen Testperson aufzunehmen.

17. Verfahren zum Abbilden eines Auges in einem Fou-
rier-Domänen-optischen Kohärenztomographie-
(FDOCT) Abbildungssystem nach Anspruch 1, wo-
bei das Verfahren umfasst:

Einstellen einer Zielreferenzarmpfadlänge des
FDOCT-Systems derart, dass die Referen-
zarmpfadlänge auf einer Augenlänge einer
Testperson basiert;
Erhalten zusätzlicher Information über die Test-
person, die relevant für die Zielreferen-
zarmpfadlänge ist;
Rekalibrieren der Referenzarmpfadlänge basie-
rend auf der erhaltenen Information;
automatisches Anpassen der Referen-
zarmpfadlänge basierend auf der rekallibrierten
Referenzarmpfadlänge, wobei ein Einstellen
der Referenzarmpfadlänge ferner ein Einstellen
der Referenzarmpfadlänge basierend auf einer
bewerteten Qualität eines Bildes, das von dem
System produziert wird, umfasst;
Akquirieren eines Bildes unter Verwendung des
FDOCT-Systems mit der eingestellten Referen-
zarmpfadlänge;
Bewerten der Bildqualität des bewerteten Bil-
des;
Bestimmen, ob die angepasste Referen-
zarmpfadlänge ein Optimum ist;
weiteres Einstellen der Referenzarmpfadlänge,
wenn bestimmt wird, dass die eingestellte Re-
ferenzarmpfadlänge kein Optimum ist; und
Wiederakquirieren des Bildes unter Verwen-
dung des FDOCT-Systems mit der weiter ein-
gestellten Referenzarmpfadlänge; wobei die
Schritte von Bewerten, Bestimmten, weiter Ein-
stellen und Wiederakquirieren wiederholt wer-
den, bis ein Bild mit einer gewünschten Qualität
erhalten wird; und wobei einem weiteren Ein-
stellen Folgendes folgt:

Bestimmen, ob ein Fokus von zumindest ei-
ner Objektivlinse (420) des FDOCT-Sys-
tems ein Optimum ist; und
Einstellen einer Fokusposition der zumin-
dest einen Objektivlinse (420) des FDOCT-
Systems, wenn bestimmt wird, das der Fo-
kus der zumindest einen Objektivlinse (420)
kein Optimum ist,
wobei ein Wiederakquirieren des Bildes fer-
ner ein Wiederakquirieren des Bildes unter
Verwendung des FDOCT-Systems mit der
weiter eingestellten Referenzarmpfadlänge
und dem eingestellten Fokus umfasst.

18. Computerprogrammprodukt zum Abbilden eines

31 32 



EP 2 296 531 B1

18

5

10

15

20

25

30

35

40

45

50

55

Auges in einem Fourier-domänen-optischen Kohä-
renztomographie- (FDOCT) Abbildungssystem ge-
mäß Anspruch 1, wobei das Computerprogramm-
produkt Folgendes aufweist:

ein Computer-lesbares Speichermedium mit ei-
nem Computer-lesbaren Programmcode, das in
dem Medium enthalten ist, wobei der Computer-
lesbare Programmcode Folgendes aufweist:

einen Computer-lesbaren Programmcode,
der konfiguriert ist, um das Verfahren nach
Anspruch 17 zu implementieren und um das
akquirierte Bild auf einem elektronischen
Display anzuzeigen, das mit dem FDOCT-
System assoziiert ist, wobei die Referen-
zarmpfadlänge basierend auf einer bewer-
teten Qualität des angezeigten Bildes ein-
gestellt wird.

Revendications

1. Système d’imagerie de tomographie par cohérence
optique dans le domaine de Fourier (FDOCT) pour
reproduire l’image d’un oeil (500), le système
comportant :

une source (100) ayant un trajet de bras source
associé (105) ;
un bras de référence (300) ayant un trajet de
bras de référence associé (305) couplé au trajet
source (105), le trajet de bras de référence (305)
ayant une longueur de trajet de bras de référen-
ce associée ;
un échantillon ayant un trajet de bras d’échan-
tillon associé (405) couplé aux trajets de bras
source et de bras de référence (105, 305) ;
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 une
longueur d’oeil du sujet et une qualité d’une ima-
ge produite par le système ; et
un module d’évaluation de qualité, le module
d’évaluation de qualité étant configuré pour :

afficher une image acquise à un technicien
d’acquisition d’image ;
déclencher un réglage de la longueur de tra-
jet de bras de référence et simultanément
de la focalisation d’au moins une lentille
(420) dans le bras d’échantillon (400) sur la
base d’une qualité évaluée de l’image
affichée ; et

déclencher le système FDOCT pour initier
ou poursuivre l’acquisition de l’image après
que des réglages aient été effectués.

2. Système FDOCT selon la revendication 1, dans le-
quel la longueur de trajet de bras de référence est
réglée pour permettre des longueurs d’oeil de sujet
dans le bras d’échantillon variant d’environ 2,0 mm
à environ 50 mm.

3. Système FDOCT selon la revendication 2, dans le-
quel la longueur de trajet de bras de référence est
optimisée sur la base d’une longueur de trajet opti-
que de bras d’échantillon pour qu’elle soit dans les
limites d’un décalage prescrit par rapport à un plan
focal du système OCT.

4. Système FDOCT selon la revendication 1, compor-
tant en outre un système de lentille comportant au
moins une lentille dans le trajet de bras d’échantillon
et au moins une surface de l’oeil, le système de len-
tille ayant une courbure de champ qui correspond à
une courbure d’une rétine de l’oeil du sujet et dans
lequel la au moins une lentille est configurée pour
reproduire l’image d’un oeil mature ou d’un oeil pé-
diatrique.

5. Système FDOCT selon la revendication 4, dans le-
quel une distance d’une cornée à une rétine de l’oeil
mature est d’environ 25 mm et une distance de la
cornée à la rétine de l’oeil pédiatrique est d’environ
14 mm à environ 25 mm.

6. Système FDOCT selon la revendication 5, dans le-
quel la au moins une lentille a un réglage de foyer
associé qui permet une imagerie dans les régions à
la fois antérieure et postérieure de la chambre pos-
térieure de l’oeil du sujet.

7. Système FDOCT selon la revendication 6, dans le-
quel le réglage de foyer permet d’environ +30D à
environ +100D de puissance focale supplémentaire.

8. Système FDOCT selon la revendication 1, dans le-
quel le système est un système d’imagerie à champ
large fournissant un champ de vision environ égal
ou supérieur à 50 degrés ou égal ou supérieur à 140
degrés en combinaison avec une rotation autour
d’une pupille.

9. Système FDOCT selon la revendication 1, dans le-
quel le module de réglage de longueur de trajet de
bras de référence est configuré pour définir une lon-
gueur de trajet de bras de référence cible sur la base
d’informations supplémentaires se rapportant au su-
jet, les informations supplémentaires comportant :

un état de réfraction de l’oeil du sujet ;
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une longueur d’oeil axiale mesurée du sujet ;
et/ou
tous résultats de test pertinents.

10. Système FDOCT selon la revendication 1 :

dans lequel le système FDOCT est portatif de
telle sorte que le système FDOCT est fourni au
sujet à l’endroit où le sujet se trouve ;
dans lequel le système FDOCT portatif est con-
figuré pour fournir une imagerie à un sujet indé-
pendamment de l’orientation du sujet ; et
dans lequel le système FDOCT portatif est con-
figuré pour être amené à un emplacement du
sujet, sans branchement et/ou recevoir de nou-
veaux échantillons sans être arrêté.

11. Système FDOCT selon la revendication 10, dans le-
quel le système FDOCT portatif comporte :

une sonde FDOCT portative tenue à la main ;
un dispositif de batterie de secours associé à la
sonde portative tenue à la main ; et
un support mobile configuré pour recevoir la
sonde portative tenue à la main et/ou le dispositif
de batterie de secours.

12. Système FDOCT selon la revendication 10, dans le-
quel le système FDOCT portatif est configuré pour
fournir une lumière visible qui est réfléchie par une
cornée de l’oeil du sujet pour permettre un position-
nement correct du système FDOCT portatif.

13. Système FDOCT selon la revendication 10, dans le-
quel le système FDOCT portatif comporte en outre
un levier de commande à pied et/ou une gâchette
actionnée par doigt configuré pour commander un
réglage de foyer, un réglage de longueur de trajet
de bras de référence et/ou déclencher l’acquisition
d’une image.

14. Système FDOCT selon la revendication 10, dans le-
quel le système FDOCT portatif est configuré pour
fournir deux images orthogonales pour illustrer la pa-
thologie d’un oeil du sujet afin de faciliter le pointage
du système FDOCT portatif pendant une acquisition
d’image.

15. Système FDOCT selon la revendication 10, dans le-
quel le système FDOCT portatif est configuré pour :

acquérir des images en continu jusqu’à la dé-
tection d’un déclencheur de capture d’image ; et
enregistrer une partie prédéterminée, mise en
mémoire tampon, de l’image acquise lors de la
détection du déclencheur de capture d’image.

16. Système FDOCT selon la revendication 1, dans le-

quel le système FDOCT est configuré pour acquérir
une image à partir d’un sujet aphaque.

17. Procédé pour reproduire l’image d’un oeil dans un
système d’imagerie de tomographie par cohérence
optique dans le domaine de Fourier (FDOCT) selon
la revendication 1, le procédé comportant les étapes
consistant à :

fixer une longueur de trajet de bras de référence
cible du système FDOCT de telle sorte que la
longueur de trajet de bras de référence est ba-
sée sur une longueur d’oeil d’un sujet ;
obtenir des informations supplémentaires con-
cernant le sujet pertinentes pour la longueur de
trajet de bras de référence cible ;
recalibrer la longueur de trajet de bras de réfé-
rence sur la base des informations obtenues ;
régler automatiquement la longueur de trajet de
bras de référence sur la base de la longueur de
trajet de bras de référence recalibrée, dans le-
quel le réglage de la longueur de trajet de bras
de référence inclut en outre le réglage de la lon-
gueur de trajet de bras de référence sur la base
d’une qualité évaluée d’une image produite par
le système ;
acquérir une image en utilisant le système
FDOCT ayant la longueur de trajet de bras de
référence réglée ;
évaluer la qualité d’image de l’image acquise ;
déterminer si la longueur de trajet de bras de
référence réglée est optimale ;
régler de nouveau la longueur de trajet de bras
de référence s’il est déterminé que la longueur
de trajet de bras de référence réglée n’est pas
optimale ; et
réacquérir l’image en utilisant le système
FDOCT ayant la longueur de trajet de bras de
référence réglée ; dans lequel les étapes d’éva-
luation, de détermination, de réglage supplé-
mentaire et de réacquisition sont répétées jus-
qu’à ce qu’une image ayant une qualité voulue
soit obtenue ; et
dans lequel le réglage supplémentaire est suivi
des étapes consistant à :

déterminer si un foyer d’au moins une len-
tille d’objectif (420) du système FDOCT est
optimal ; et
régler une position focale de la au moins
une lentille d’objectif (420) du système
FDOCT s’il est déterminé que le foyer de la
au moins une lentille d’objectif (420) n’est
pas optimal,
dans lequel la réacquisition de l’image com-
porte en outre la réacquisition de l’image en
utilisant le système FDOCT ayant la lon-
gueur de trajet de bras de référence de nou-
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veau réglée et le foyer réglé.

18. Produit de programme informatique pour reproduire
l’image d’un oeil dans un système d’imagerie de to-
mographie par cohérence optique dans le domaine
de Fourier (FDOCT) selon la revendication 1, le pro-
duit de programme informatique comportant :

un support de stockage lisible par ordinateur
ayant un code de programme lisible par ordina-
teur incorporé dans ledit support, le code de pro-
gramme lisible par ordinateur comportant :

un code de programme lisible par ordina-
teur configuré pour mettre en oeuvre le pro-
cédé de la revendication 17 et pour afficher
l’image acquise sur un affichage électroni-
que associé au système FDOCT, dans le-
quel la longueur de trajet de bras de réfé-
rence est réglée sur la base d’une qualité
évaluée de l’image affichée.
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