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Description

BACKGROUND OF THE INVENTION

FIELD OF THE INVENTION:

[0001] The present invention is a system and method
for imaging. More specifically, the present invention is a
system and method for imaging a patient user’'s body
part.

DESCRIPTION OF THE RELATED ART:

[0002] Imaging of a patient user’s body part is typically
done with one or more slit lamps, ophthalmoscopes, fun-
dus cameras, scanning laser ophthalmoscopes or SLO’s
and wide field devices for imaging the eye, an otoscope
for imaging the ear, nose or throat, a dermascope for
imaging the skin, or an endoscope for imaging an interior
organ or body cavity. These devices are often relatively
expensive and require one or more personal computers,
cameras, sensors and monitors. They are typically rela-
tively large, require an instrument table, are not portable,
are notbattery powered and require an experienced tech-
nician to operate. Even hand-held models of these de-
vices are limited in their field of view. Typically these de-
vices acquire a single image rather than a video stream.
When retinal images are shot with different focus and
alignment, it is often up to the observer to view multiple
images to combine a composite in their mind if the images
are in focus. While some of these devices allow control
of focus, it is difficult to obtain a well-focused image
throughout the depths of a three dimensional body part
such as the retina. Additionally, there are optical aberra-
tions that may be caused by the eye and/or imaging de-
vice that may cause regions to be out of focus. Alignment
of the imaging device to a patient’s eye also may affect
overall clarity of specific image regions.

[0003] Otoscopes are typically hand-held devices that
allow an observer to view an ear, a nose or a throat.
Utilizing the components of a cell phone with an operating
system or a SMARTPHONE® or a tablet computer, in
combination with appropriate optics, allows for visualiza-
tion, storage and transmission of images of an ear, just
like images of an eye or a throat. Images may also be
obtained of skin at visible or specific wavelengths for der-
matological applications.

[0004] US20110130652 discloses an optical coher-
ence tomography image that uses an interferometer to
detect interference between reflections from a measure-
ment point within an eye with reference light as a function
of wavelength. The measurement point is scanned using
a micro mechanical system to rotate a mirror. An image
is formed from scanned columns. US20100097573 dis-
closes an apparatus and method forimaging the eye that
makes use of a slit lamp. The document mentions the
possibility of creating a multi-focal plenoptic image, an
image or movie that is created from images at multiple
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focal planes. An algorithm to combine images would au-
tomatically align the images while correcting for transla-
tion, rotation, curvature, and magnification differences
between the images.

BRIEF SUMMARY OF THE INVENTION

[0005] The present invention is a system and method
for imaging. More specifically, the present invention is a
system and method for imaging a patient user’s body
part.

[0006] The system and method for imaging a patient
user’s body part differs from other systems and methods
in that traditional imaging devices do not afford for the
visualization of multiple in-focus regions of the eye, ret-
ina, ear, nose, throat, skin or other interior or exterior
body part, are not driven by SMARTPHONE® or tablet
computer and are relatively large, expensive and cum-
bersome. The system and method solves this problem
through a combination of packaging, optics and image
registration in combination with image analysis and
processing, to yield relatively high quality focused imag-
es, plenopticimages and movies. Additionally, by utilizing
multiple images, overall resolution and image quality is
greatly improved.

[0007] The system toimage a patient user’s body part
may include a server system with a processor system, a
communications interface, acommunications system, an
input system and an output system, the server system
having access to a communications network, a memory
system with an operating system, a communications
module, a web browser module, a web server application
and a patient user body partimaging non-transitory stor-
age media and a website displaying a plurality of web
pagesresidingonthe patient user body partimaging non-
transitory storage media.

[0008] The method for imaging a patient user’s body
part may include the steps of selecting an optical imaging
device to image the patient user’s body part, acquiring
one or more data sets with the optical imaging device,
registering the acquired data sets, performing image
processing on the acquired data sets to identify as good
data clear, well exposed portions of the data sets and
eliminates poorly defined, one or more dark data sets or
one or more aberrations that degrade imaging quality
and recombining good data from the image processed
data sets into a single image of the patient user’'s body
part. The method may be executed by a non-transitory
computer storage media having instructions stored ther-
eon.

[0009] Itis an object of the presentinvention to provide
a system and method for imaging a patient user’s body
part where a data set is obtained from one or more ex-
isting devices.

[0010] Itis an object of the presentinvention to provide
a system and method for imaging a patient user’s body
part that are obtained from new devices specifically de-
signed to create images that are in focus at various
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depths either through stepping focus or a multi-element
microlens that is placed over a sensor that contains in-
formation from multiple image planes.

[0011] Itis an object of the presentinvention to provide
a system and method for imaging a patient user’s body
part that is applied to an optical coherence tomography
or OCT data set to obtain a clear comprehensive OCT
data set.

[0012] Itis an object of the presentinvention to provide
a system and method for imaging a patient user’s body
part where several interfaces are detachable for each
imaging modality.

[0013] Itis an object of the presentinvention to provide
a system and method for imaging a patient user’s body
part that is non-mydriatic and may be switched between
infra-red or IR and white light or other discreet spectral
wavelength for utilization on patients without pharmaco-
logical dilation.

[0014] Itis an object of the presentinvention to provide
a system and method for imaging a patient user’s body
part that is vastly improved by recording movie streams,
or rapidly acquired stillimages, and parsing good quality
images and image sections from each image and com-
bining them into single or multiple images and/or movies
at relatively improved image quality.

[0015] Itis an object of the presentinvention to provide
a system and method for imaging a patient user’s body
part that is a trigger mechanism with electronics that in-
terface with an electronic adapter on a SMARTPHONE®
or a tablet computer.

[0016] Itis an object of the presentinvention to provide
a system and method for imaging a patient user’s body
part where a 60D lens, or similar large field retinal lens,
is utilized to obtain a wide field image of a retina.
[0017] Itis an object of the presentinvention to provide
a system and method for imaging a patient user’s body
partwhere astereo splitter is utilized to obtain 3-D images
and information.

[0018] Itis an object of the presentinvention to provide
a system and method for imaging a patient user’s body
partwhere ahigh resolutionimage of a plurality of vessels
is obtained to assess risk of stroke and cardiovascular
events.

[0019] Itis an object of the presentinvention to provide
a system and method for imaging a patient user’s body
part where one or more retinal vessels are analyzed for
tortuosity and detection of hypertension.

[0020] Itis an object of the presentinvention to provide
a system and method for imaging a patient user’s body
part where a device is utilized to detect Alzheimer’s dis-
ease by one or more images of amyloid beta plaque in
a retina.

[0021] Itis an object of the presentinvention to provide
a system and method for imaging a patient user’s body
part where a device is utilized to image, diagnose or
screen for diabetic retinopathy, macular degeneration,
glaucoma, cataracts or other ocular disorder.

[0022] Itis an object of the presentinvention to provide
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a system and method for imaging a patient user’s body
part where a device is utilized to image the anterior seg-
ment of the eye for ophthalmic conditions.

[0023] Itis an object of the presentinvention to provide
a system and method for imaging a patient user’s body
part where an otoscope is utilized to diagnose ear, nose
or throat infections.

[0024] Itis an object of the presentinvention to provide
a system and method for imaging a patient user’s body
part where a device is utilized to image skin for derma-
tological conditions.

[0025] Itis an object of the presentinvention to provide
a system and method for imaging a patient user’s body
part where a device is utilized to image dental conditions.
[0026] Itis an object of the presentinvention to provide
a system and method for imaging a patient user’s body
part where a device is utilized to image interior body or-
gans or cavities for medical conditions.

[0027] Itis an object of the presentinvention to provide
a system and method for imaging a patient user’s body
part where a device is utilized for telemedicine applica-
tions.

[0028] Itis an object of the presentinvention to provide
a system and method for imaging a patient user’s body
part where the system controls are voice-activated.
[0029] Itis an object of the presentinvention to provide
a system and method for comparing plenoptic images
taken at two or more different points in time by registering
them with respect to each other, and playing the se-
quence as a movie.

[0030] Itis an object of the presentinvention to provide
a system and method for combining multiple overlapping
plenoptic images to form a larger mosaicked image field
covering the area of interest.

BRIEF DESCRIPTION OF THE DRAWINGS

[0031] The presentinvention will be described by way
of exemplary embodiments, but not limitations, illustrated
in the accompanying drawing in which like references
denote similar elements, and in which:

FIG. 1 illustrates a diagram of a single image, in ac-
cordance with one embodiment of the presentinven-
tion.

FIG. 2 illustrates a diagram of a plurality of multiple
images, in accordance with one embodiment of the
present invention.

FIG. 3 illustrates a system overview of a system to
image a patient user’s body part, in accordance with
one embodiment of the present invention.

FIG. 4 illustrates a block diagram of a server system,
in accordance with one embodiment of the present
invention.

FIG. 5 illustrates a block diagram of a client system,
in accordance with one embodiment of the present
invention.

FIG. 6 illustrates a flowchart of a method for imaging
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a patient user’s body part, in accordance with one
embodiment of the present invention.

FIG. 7 illustrates a side view of a removable lens, in
accordance with one embodiment of the present in-
vention.

DETAILED DESCRIPTION OF ILLUSTRATIVE EM-
BODIMENTS

[0032] Various aspects of the illustrative embodiments
will be described using terms commonly employed by
those skilled in the art to convey the substance of their
work to others skilled in the art. However, it will be ap-
parent to those skilled in the art that the present invention
may be practiced with only some of the described as-
pects. For purposes of explanation, specific numbers,
materials and configurations are set forth in order to pro-
vide a thorough understanding of the illustrative embod-
iments. However, it will be apparent to one skilled in the
art that the present invention may be practiced without
the specific details. In other instances, well-known fea-
tures are omitted or simplified in order not to obscure the
illustrative embodiments.

[0033] Various operations will be described as multiple
discrete operations, inturn, in a manner that is most help-
ful in understanding the present invention. However, the
order of description should not be construed as to imply
that these operations are necessarily order dependent.
In particular, these operations need not be performed in
the order of presentation.

[0034] The phrase "in one embodiment" is used re-
peatedly. The phrase generally does not refer to the same
embodiment, however, it may. The terms "comprising”,
"having" and "including" are synonymous, unless the
context dictates otherwise.

[0035] FIG. 1 illustrates a diagram of a single image
100, in accordance with one embodiment of the present
invention.

[0036] Thesingleimage 100 may be of a patient user’s
body part 110. More specifically, the single image 100
may include amyloid beta plaque and drusen 120 or one
ormoreretinal vessels 130 disposed on the patient user’'s
body part 110. The patient user’s body part 110 may be
aretina, an eye, a nose, a throat or skin or other suitable
patient user’s body part.

[0037] FIG. 2illustrates a diagram of a plurality of mul-
tiple images 200, in accordance with one embodiment of
the present invention.

[0038] The multipleimages 200 may be registered and
combined into a single well-focused image 205. The mul-
tiple images 200 may be of a patient user’s body part
210. More specifically, the multiple images 200 may in-
clude amyloid beta plaque and drusen 220 or one or more
retinal vessels 230 disposed on the patient user’'s body
part 210. The patient user’s body part 210 may be an
eye, a nose, a throat or skin or other suitable patient
user’s body part. The multiple images 200 may have im-
proved resolution, focus, dynamic range and image qual-
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ity than the single image 100 illustrated in FIG. 1.
[0039] FIG. 3illustrates a system overview of a system
300 to image a patient user’s body part, in accordance
with one embodiment of the present invention.

[0040] The system 300 may include a server system
304, an input system 306, an output system 308, a plu-
rality of client systems 310, 314, 316, 318 and 320, a
communications network 312 and a handheld or mobile
device 322. In other embodiments, the system 300 may
include additional components and/or may not include
all of the components listed above.

[0041] The serversystem 304 mayinclude one or more
servers. One server 304 may be the property of the dis-
tributor of any related software or non-transitory storage
media. In other embodiments, the system 300 may in-
clude additional components and/or may not include all
of the components listed above.

[0042] The input system 306 may be utilized for enter-
ing input into the server system 304, and may include
any one of, some of, any combination of, or all of a key-
board system, a mouse system, a track ball system, a
track pad system, a plurality of buttons on a handheld
system, a mobile system, a scanner system, a wireless
receiver, a microphone system, a connection to a sound
system, and/or a connection and/or an interface system
to a computer system, an intranet, and/or the Internet
(i.e., IrDA, USB).

[0043] The output system 308 may be utilized for re-
ceiving output from the server system 304, and may in-
clude any one of, some of, any combination of or all of a
monitor system, a wireless transmitter, a handheld dis-
play system, a mobile display system, a printer system,
a speaker system, a connection or an interface system
to a sound system, an interface system to one or more
peripheral devices and/or a connection and/or an inter-
face system to a computer system, an intranet, and/or
the Internet.

[0044] The system 300 may illustrate some of the var-
iations of the manners of connecting to the server system
304, which may be a website (FIG. 5, 516) such as an
information providing website (not shown). The server
system 304 may be directly connected and/or wirelessly
connected to the plurality of client systems 310, 314, 316,
318 and 320 and may be connected via the communica-
tions network 312. Client systems 320 may be connected
to the server system 304 via the client system 318. The
communications network 312 may be any one of, or any
combination of, one or more local area networks or LANs,
wide area networks or WANSs, wireless networks, tele-
phone networks, the Internet and/or other networks. The
communications network 312 may include one or more
wireless portals. The client systems 310, 314, 316, 318
and 320 may be any system that an end user may utilize
to access the server system 304. For example, the client
systems 310, 314, 316, 318 and 320 may be personal
computers, workstations, tablet computers, laptop com-
puters, game consoles, hand-held network enabled au-
dio/video players, mobile devices and/or any other net-
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work appliance.

[0045] The client system 320 may access the server
system 304 via the combination of the communications
network 312 and another system, which may be the client
system 318. The client system 320 may be a handheld
or mobile wireless device 322, such as a mobile phone,
a tablet computer or a handheld network-enabled au-
dio/music player, which may also be utilized for access-
ing network content. The client system 320 may be a cell
phone with an operating system or SMARTPHONE® 324
or a tablet computer with an operating system or IPAD®
326.

[0046] FIG. 4 illustrates a block diagram of a server
system 400, in accordance with one embodiment of the
present invention.

[0047] The server system 400 may include an output
system 430, an input system 440, a memory system 450,
which may store an operating system 451, a communi-
cations module 452, a web browser module 453, a web
server application 454 and a patient user body part im-
aging non-transitory storage media 455. The server sys-
tem 400 may also include a processor system 460, a
communications interface 470, a communications sys-
tem 475 and an input/output system 480. In other em-
bodiments, the server system 400 may include additional
components and/or may not include all of the compo-
nents listed above.

[0048] The output system 430 may include any one of,
some of, any combination of, or all of a monitor system,
a handheld display system, a printer system, a speaker
system, a connection or interface system to a sound sys-
tem, an interface system to one or more peripheral de-
vices and/or a connection and/or interface system to a
computer system, an intranet, and/or the Internet.
[0049] The input system 440 may include any one of,
some of, any combination of, or all of a keyboard system,
amouse system, a track ball system, a track pad system,
one or more buttons on a handheld system, a scanner
system, a microphone system, a connection to a sound
system, and/or a connection and/or an interface system
to a computer system, an intranet, and/or the Internet
(i.e., IrDA, USB).

[0050] The memory system 450 may include any one
of, some of, any combination of, or all of a long term
storage system, such as a hard drive; a short term stor-
age system, such as a random access memory; or a re-
movable storage system, such as a floppy drive or a re-
movable drive and/or a flash memory. The memory sys-
tem 450 may include one or more machine readable me-
diums that may store a variety of different types of infor-
mation. The term machine readable medium may be uti-
lized to refer to any medium capable of carrying informa-
tion that may be readable by a machine. One example
of a machine-readable medium may be acomputer-read-
able medium such as a non-transitory storage media.
The memory system 450 may store one or more machine
instructions for imaging a patient user’'s body part. The
operating system 451 may control all software or non-
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transitory storage media and hardware of the system
100. The communications module 452 may enable the
server system 304 to communicate on the communica-
tions network 312. The web browser module 453 may
allow for browsing the Internet. The web server applica-
tion 454 may serve a plurality of web pages to client sys-
tems that request the web pages, thereby facilitating
browsing on the Internet.

[0051] The processor system 460 may include any one
of, some of, any combination of, or all of multiple parallel
processors, a single processor, a system of processors
having one or more central processors and/or one or
more specialized processors dedicated to specific tasks.
The processor system 460 may implement the machine
instructions stored in the memory system 450.

[0052] In an alternative embodiment, the communica-
tion interface 470 may allow the server system 400 to
interface with the network 312. In this embodiment, the
output system 430 may send communications to the
communication interface 470. The communications sys-
tem 475 communicatively links the output system 430,
the input system 440, the memory system 450, the proc-
essor system 460 and/or the input/output system 480 to
each other. The communications system 475 may in-
clude any one of, some of, any combination of, or all of
one or more electrical cables, fiber optic cables, and/or
sending signals through air or water (i.e., wireless com-
munications). Some examples of sending signals
through air and/or water may include systems for trans-
mitting electromagnetic waves such as infrared and/or
radio waves and/or systems for sending sound waves.
[0053] The input/output system 480 may include de-
vices that have the dual function as the input and output
devices. For example, the input/output system 480 may
include one or more touch sensitive screens, which dis-
play an image and therefore may be an output device
and accept input when the screens may be pressed by
a finger or a stylus. The touch sensitive screens may be
sensitive to heat and/or pressure. One or more of the
input/output devices may be sensitive to a voltage or a
current produced by a stylus. The input/output system
480 may be optional and may be utilized in addition to or
in place of the output system 430 and/or the input device
440.

[0054] FIG.5illustrates a block diagram of a client sys-
tem 500, in accordance with one embodiment of the
present invention.

[0055] The client system 500 may include an output
system 502, an input system 504, a memory system 506,
a processor system 508, a communications system 512,
an input/output system 514, awebsite 516 and a wireless
portal 518. Other embodiments of the client system 500
may not have all of the components and/or may have
other embodiments in addition to or instead of the com-
ponents listed above.

[0056] The client system 500 may be any one of the
client systems 310, 314, 316, 318, 320 and/or handheld
or mobile wireless device 322, SMARTPHONE® 324 or
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IPAD® 326 that may be utilized as one of the network
devices of FIG. 3. In other embodiments, the client sys-
tem 500 may include additional components and/or may
notinclude all of the components listed above. The output
system 502 may include any one of, some of, any com-
bination of or all of a monitor system, a wireless trans-
mitter, a handheld display system, a printer system, a
speaker system, a connection or interface system to a
sound system, an interface system to peripheral devices
and/or a connection and/or an interface system to a com-
puter system, an intranet, and/or the Internet.

[0057] The input system 504 may include any one of,
some of, any combination of or all of a keyboard system,
amouse system, a track ball system, a track pad system,
one or more buttons on a handheld system, a scanner
system, a wireless receiver, a microphone system, a con-
nection to a sound system, and/or a connection and/or
an interface system to a computer system, an intranet,
and/or the Internet (i.e., Infrared Data Association or Ir-
DA, Universal Serial Bus or USB).

[0058] The memory system 506 may include, any one
of, some of, any combination of or all of a long-term stor-
age system, such as a hard drive, a short term storage
system, such as a random access memory; a removable
storage system, such as a floppy drive or a removable
drive and/or a flash memory. The memory system 506
may include one or more machine readable mediums
that may store a variety of different types of information.
The term machine readable medium may be utilized to
refer to any medium that may be structurally configured
for carrying information in a format that may be readable
by a machine. One example of a machine-readable me-
dium may be a computer-readable medium. The memory
system 506 may store a non-transitory storage media for
imaging a patient user body part.

[0059] The processorsystem 508 may include any one
of, some of, any combination of, or all of multiple parallel
processors, a single processor, a system of processors
having one or more central processors and/or one or
more specialized processors dedicated to specific tasks.
The processor system 508 may implement the programs
stored in the memory system 506. The communications
system 512 may communicatively link the output system
502, the input system 504, the memory system 506, the
processor system 508, and/or the input/output system
514 to each other. The communications system 512 may
include any one of, some of, any combination of, or all
of one or more electrical cables, fiber optic cables, and/or
means of sending signals through air or water (i.e., wire-
less communications). Some examples of means of
sending signals through air and/or water may include sys-
tems for transmitting electromagnetic waves such as in-
frared and/or radio waves and/or systems for sending
sound waves.

[0060] The input/output system 514 may include de-
vices that have the dual function as input and output de-
vices. For example, the input/output system 514 may in-
clude one or more touch sensitive screens, which display
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an image and therefore may be an output device and
accept input when the screens may be pressed by a fin-
ger or a stylus. The touch sensitive screens may be sen-
sitive to heat, capacitance and/or pressure. One or more
of the input/output devices may be sensitive to a voltage
or a current produced by a stylus. The input/output sys-
tem 514 is optional, and may be utilized in addition to or
in place of the output system 502 and/or the input device
504.

[0061] The client systems 310, 314, 316, 318, 320 and
the handheld wireless device 322 may also be tied into
a website 516 or a wireless portal 518 which may also
be tied directly into the communications system 512. Any
website 516 or wireless portal 518 may also include a
non-transitory storage media and a website module (not
shown) to maintain, allow access to and run the website
as well.

[0062] FIG. 6 illustrates a flowchart of a method 600
forimaging a patient user’s body part, in accordance with
one embodiment of the present invention.

[0063] The method 600 may include the steps of se-
lecting an optical imaging device to image the patient
user's body part 610, acquiring one or more data sets
with the optical imaging device 620, registering the ac-
quired data sets 630, performing image processing on
the acquired data sets 640 and recombining good data
from the image processed data sets into a single image
of the patient user’s body part 650.

[0064] The selecting step 610 may include the optical
imaging device is selected from the group consisting of
a slitlamp mounted device, a slitlamp integrated device,
an optical coherence tomography or OCT device, an op-
tical imaging at one or more specific wavelengths device,
a multispectral device, a hyper spectral device, an
autofluorescence device, a confocal retinal imaging de-
vice, a scanning laser ophthalmoscope device, an adap-
tive optics device, a polarization orientation specific de-
vice, afundus camera, ahandheldimagerdevice, adirect
ophthalmoscope, an indirect ophthalmoscope, a fluores-
cein angiography device, an ICG angiography device, a
curcumin fluorescence imaging auto-fluorescence imag-
ing device, an otoscope, a dermascope, or an endo-
scope. The acquiring step 620 may be performed with
continuous thru-focus and exposure control or deliberate
focus and exposure control. The registering step 630 may
include the data sets are automatically registered with
sub pixel accuracy. The performing step 640 may identify
clear, well exposed portions of the data sets and elimi-
nates poorly defined, one or more dark data sets or one
or more aberrations that degrade imaging quality. The
recombining step 650 may include the single image is
plenoptic or in focus at multiple depths. The recombining
step 650 may include a movie file is created that allows
step through a focus stack or select a region wanted to
view that is in focus.

[0065] FIG. 7 illustrates a side view of a removable
lens 700, in accordance with one embodiment of the
present invention.
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[0066] The removable lens 700 may include a macro
lens 710 and an exchangeable lens assembly 720. The
macro lens 710 may also be a derm lens 712 or other
suitable type of lens. The exchangeable lens assembly
720 may be coupled to the system (FIG. 3, 300). The
exchangeable lens assembly 720 may receive the macro
lens 710, thereby coupling the macro lens 710 to the
exchangeable lens assembly 720. The removable lens
700 may also be swapped with other removable lens 700.
[0067] The system and method may be utilized alone
or in combination with another device for a variety of pa-
tient user’s body part imaging modalities. More specific
to eye indications, the system and method may be utilized
on but not limited to slit lamp mounted, slit lamp integrat-
ed, OCT, optical imaging at specific wavelengths, mult-
ispectral, hyper spectral, autofluorescence, confocal ret-
inal imaging, scanning laser ophthalmoscope, adaptive
optics, polarization orientation specific, fundus cameras,
hand-heldimagers, direct and indirect ophthalmoscopes,
fluorescein angiography, Indocyanine green or ICG an-
giography, curcumin fluorescence imaging autofluores-
cence, otoscope, derma scopes and other imaging mo-
dalities. Data sets may be acquired either with random
or deliberate focus and exposure control. Data sets may
also be obtained using specified illumination control
which is linked in mode/time to an external focusing or
illumination device. Data sets may be automatically reg-
istered with sub-pixel accuracy. Image processing may
be performed on data sets to identify clear, well-exposed
portions of data sets and eliminating poorly defined
and/or dark data sets or other aberrations that degrade
imaging quality. Good data may be recombined into a
single image that is plenoptic or in focus at multiple
depths and/or a movie file may be created that allows a
user to step through a focus stack or select a region that
they want to view that is in focus.

[0068] The system and method may be utilized with a
variety of SMARTPHONES® and tablet computers that
incorporate camera, display, computing power and com-
munication into a single package. The system and meth-
od may be utilized with but not limited to PHONE®,
iPAD®, ANDROID™ phones and tablet computers, WIN-
DOWS™ phones and tablet computers, or other portable
devices. The system and method may be utilized with or
without discreet focus control. The system and method
may be applied across a number of eye imaging modal-
ities including but not limited to color fundus imaging,
anterior segment imaging, cornea and lens imaging, flu-
orescein angiography, ICG angiography, curcumin fluo-
rescence imaging, autofluorescence, discreet wave-
length imaging, red-free, hyper and multispectralimaging
and optical coherence tomography. Each of these mo-
dalities allows for registration of image data sets and sub-
sequent image processing to obtain relatively high-fre-
quency in-focus, well exposed regions from each image,
combined into a single image or a plenoptic multi-focal
single image, or movie image that allows the user to step
through or select regions to be viewed that are in focus.
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Images may be selected manually or automatically to
aggregate into a high resolution panoramic image and/or
multiple images may be registered and combined into a
single image to greatly improve image quality. In order
to achieve artifact-free images, the system and method
utilizes a light emitting diode or LED light source (or other
light source, or a light source built into a camera or tablet
computer) that may be off-axis from the central optical
imaging path. A flipper arm may be introduced to mo-
mentarily block the artifact and thereby render images
that mask the central artifact. Physical or electronic illu-
mination control devices such as DMD arrays may be
employed for illumination control. Images with and with-
out flipper may be recombined to create an artifact-free
image. Elimination of central artifact may also be accom-
plished by oscillating an optic, optical component or pa-
tient fixation to create image sets that have artifacts in
different geographic locations. Images may then be com-
bined with or without flipper to obtain artifact free images.
The system and method may also utilize a disposable
eye cup to create a darkened environment and be sani-
tary. The system and method may have a dedicated set
of optics and interface so as to be utilized as an otoscope
to image an ear, a nose, a throat or skin. Images may be
stored, reviewed or sent for telemedicine consultation.
The dedicated optics may be detachable in part to allow
easy switching between modalities.

[0069] The system and method may be utilized to im-
age an eye, an ear, a nose, a throat and skin for docu-
mentation of anatomy and/or detection of pathology.
More specifically for the eye, the system and method may
be utilized for both imaging of an anterior segment and
a posterior segment of an eye and also for substructure
as seen on OCT. One aspect of the system and method
may be the automated registration of images and then
subsequentimage processing to identify regions that are
relatively well-focused and evenly illuminated and to ex-
tract high frequency information like a Weiner filter, then
recombining them into a single image. An algorithm may
also be capable of eliminating areas of images that are
poorly focused, that contain other optical aberrations
and/or are not well illuminated. The system and method
may be applied to a new SMARTPHONE®), a tablet com-
puter and other patient user’s body part imaging devices
that specifically step the focus and/or existing devices
that may or may not require the user to change the focus.
The system and method may also be applied by deliber-
ately stepping the focus of a device to generate an image
set.

[0070] The system may also register current images
with one or more previously captured and processed im-
ages to allow direct comparison of feature changes over
time. The sequence ofimages over time may be present-
ed either side-by-side, or as a sequence played as a mov-
ie that repeats over time, with user controlled frame rate.
[0071] Information from previously collected datasets
may be used to guide the collection of new images to
ensure they are of the same feature area. This may in-
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volve a visual feedback mechanism presented to the us-
er, such as an image overlaid on real-time video of the
area to be imaged.

[0072] While the presentinvention has been related in
terms of the foregoing embodiments, those skilled in the
art will recognize that the present invention is not limited
to the embodiments described. The present invention is
defined in the appended claims.

Claims

1. A system to image a patient user body part, com-
prising:

a server system (400) with a processor system
(460), acommunications interface (470), a com-
munications system (475), an input system
(440) and an output system (430), the server
system (400) having access to a communica-
tions network (312);

a memory system (450) with an operating sys-
tem (451), a communications module (452), a
web browser module (453), a web server appli-
cation (454) and a patient user body part imag-
ing non-transitory storage media (455); and
awebsite (510) displaying a plurality of web pag-
esresiding on the patientuser body partimaging
non-transitory storage media,

wherein the patient user body part imaging non-tran-
sitory storage media is configured to acquire (620)
a plurality of data sets with an opticalimaging device,
(630) wherein the system to image apatient is con-
figured to register the acquired data sets, to perform
(640) image processing on the acquired data sets to
identify as good data clear, well exposed portions of
the data sets and eliminates poorly defined, one or
more dark data sets or one or more aberrations that
degrade imaging quality; and to recombine (650)
good data from the image processed data sets into
a single image of the patient user’s body part.

2. The system to image a patient user body part ac-
cording to claim 1, further comprising a client system
(500), wherein the client system includes an output
system (502), an input system (504), a memory sys-
tem (506), a processor system (508) and a commu-
nications system (512).

3. The system to image a patient user body part ac-
cording to claim 1, further comprising a removable
lens (700).

4. The system to image a patient user body part ac-
cording to claim 3, wherein the removable lens (700)
includes a macro lens (710) and an exchangeable
lens assembly (720), the exchangeable lens assem-
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10.

bly (720) receives the macro lens (710), thereby cou-
pling the macro lens (710) to the exchangeable lens
assembly (720).

A method for imaging a patient user body part, com-
prising the steps of:

selecting (610) an optical imaging device to im-
age the patient user’s body part;

acquiring (620) a plurality of data sets with the
optical imaging device, the acquiring is per-
formed with focus at one or more axial positions
and exposure control or deliberate focus at one
or more specified image locations and exposure
control;

registering (630) the acquired data sets;
performing (640) image processing on the ac-
quired data sets to identify as good data clear,
well exposed portions of the data sets and elim-
inates poorly defined, one or more dark data sets
orone or more aberrations that degrade imaging
quality; and

recombining (650) good data from the image)
processed data sets into a single image of the
patient user’s body part.

The method according to claim 5, wherein the optical
imaging device is selected from the group consisting
of a slit lamp mounted device, a slit lamp integrated
device, an OCT device, an optical imaging at one or
more specific wavelengths device, a multispectral
device, a hyper spectral device, an Autofluores-
cence device, a confocal retinal imaging device, a
scanning laser ophthalmoscope device, an adaptive
optics device, a polarization orientation specific de-
vice, a fundus camera, a handheld imager device, a
direct ophthalmoscope, an indirect ophthalmo-
scope, afluorescein angiography device, an ICG an-
giography device, a curcumin fluorescence imaging
autofluorescence imaging device, an otoscope or a
dermascope, or endoscope.

The method according to claim 5, wherein the data
sets are automatically registered with sub pixel ac-
curacy.

The method according to claim 5, wherein the image
frames are registered to compensate for translation,
rotation, perspective shift, and subframe warping.

The method according to claim 5, wherein the image
processing on the acquired datasets involves image
enhancement such as Wienorfiltering or iterative de-
convolution,

The method according to claim 5, wherein multiple
overlapping plenopticimages are mosaicked togeth-
er to form a larger image field covering the area of
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interest.

The method according to claim 5, wherein the current
image is registered with one or more previously cap-
tured and processed images to allow direct compar-
ison of feature changes over time.

The method according to claim 5, wherein the single
image is plenoptic or in focus at multiple depths and
a movie file is created that allows the user to step
through a focus stack or select a region to view that
is in focus.

A non-transitory computer storage media having in-
structions stored thereon which, when executed, ex-
ecute a method comprising the steps of any one of
claims 5-12.

Patentanspriiche

1.

System zur Abbildung eines Korperteils eines Pati-
enten-Anwenders, umfassend:

ein Serversystem (400) mit einem Prozessor-
system (460), einer Kommunikationsschnittstel-
le (470), einem Kommunikationssystem (475),
einem Eingabesystem (440) und einem Ausga-
besystem (430), wobei das Serversystem (400)
Zugang zu einem Kommunikationsnetzwerk
(312) hat;

ein Speichersystem (450) mit einem Betriebs-
system (451), einem Kommunikationsmodul
(452), einem Webbrowsermodul (453), einer
Webserveranwendung (454) und einem nicht
transienten Speichermedium (455) fur Kérper-
teilabbildungen eines Patienten-Anwenders;
und

eine Website (516), die eine Vielzahl von Webs-
eiten anzeigt, basierend auf dem Speicherme-
dium fir Kérperteilabbildungen des Patienten-
Anwenders, wobei das nicht transiente Spei-
chermedium fir Kérperteilabbildungen des Pa-
tienten-Anwenders so konfiguriert ist, dass es
mehrere Datensatze mit einer optischen Bildge-
bungsvorrichtung (630) erfasst (620), wobei das
System zum Abbilden eines Patienten dazu
konfiguriert ist, die erfassten Datenséatze zu re-
gistrieren, eine Bildverarbeitung an den erfass-
ten Datensatzen durchzufiihren (640), umklare,
gut belichtete Teile der Datenséatze als gute Da-
ten zu identifizieren und schlecht definierte, ei-
nen oder mehrere dunkle Datensétze oder eine
oder mehrere Aberrationen, die die Abbildungs-
qualitdt beeintrachtigen, zu beseitigen; und
(650) gute Daten aus den bildverarbeiteten Da-
tenséatzen zu einer einzigen Abbildung des Kor-
perteils des Patienten-Anwenders zu rekombi-
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nieren.

System zur Abbildung eines Kérperteils eines Pati-
enten-Anwenders nach Anspruch 1, ferner umfas-
send ein Client-System (500), wobei das Client-Sys-
tem ein Ausgabesystem (502), ein Eingabesystem
(504), ein Speichersystem (506), ein Prozessorsys-
tem (508) und ein Kommunikationssystem (512) um-
fasst.

System zum Abbilden eines Kérperteils eines Pati-
enten-Anwenders nach Anspruch 1, ferner umfas-
send eine herausnehmbare Linse (700).

System zur Abbildung eines Kérperteils eines Pati-
enten-Anwenders nach Anspruch 3, wobei die her-
ausnehmbare Linse (700) eine Makrolinse (710) und
eine austauschbare Linsenbaugruppe (720) um-
fasst, wobei die austauschbare Linsenbaugruppe
(720) die Makrolinse (710) aufnimmt, wodurch die
Makrolinse (710) mit der austauschbaren Linsen-
baugruppe (720) gekoppelt wird.

Verfahren zum Abbilden eines Korperteils eines Pa-
tienten-Anwenders, umfassend die Schritte:

Auswahlen (610) einer optischen Bildgebungs-
vorrichtung, um den Korperteil des Patienten-
Anwenders abzubilden;

Erfassen (620) mehrerer Datensatze mit der op-
tischen Bildgebungsvorrichtung, wobei das Er-
fassen mit Fokus an einer oder mehreren axia-
len Positionen und Belichtungssteuerung oder
bewusstem Fokus an einem oder mehreren be-
stimmten Abbildungsorten und Belichtungs-
steuerung durchgefiihrt wird;

Registrieren (630) der erfassten Datensatze;
Durchflihren (640) der Bildverarbeitung auf den
erfassten Datensatzen, um klare, gut belichtete
Teile der Datensatze als gute Daten zu identifi-
zieren, und als schlecht definierte, einen oder
mehrere dunkle Datensatze oder eine oder
mehrere Aberrationen, die die Abbildungsqua-
litdt beeintrachtigen, zu beseitigen;

und

Rekombinieren (650) von guten Daten aus den
bildverarbeiteten Datensatzen zu einer einzigen
Abbildung des Korperteils des Patienten-An-
wenders.

Verfahren nach Anspruch 5, wobei die optische Bild-
gebungsvorrichtung aus der Gruppe ausgewahlt ist,
dieaus einer an einer Spaltlampe angebrachten Vor-
richtung, einer in einer Spaltlampe integrierten Vor-
richtung, einer OCT-Vorrichtung, einer optischen
Bildgebungsvorrichtung mit einer oder mehreren
spezifischen Wellenldngen, einer multispektralen
Vorrichtung, einer hyperspektralen Vorrichtung, ei-
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ner Autofluoreszenzvorrichtung, einer konfokalen
retinalen Bildgebungsvorrichtung, einer Abtastlaser-
Ophthalmoskopvorrichtung, einer adaptiven Optik-
vorrichtung, einer speziellen polarisationsorientier-
ten Vorrichtung, einer Funduskamera, einer tragba-
ren Bildgebungsvorrichtung, einem direkten Oph-
thalmoskop, einem indirekten Ophthalmoskop, ei-
nem Fluoreszenzangiographiegerat, einem |CG-An-
giographiegerat, einer Autofluoreszenz-Bildge-
bungsvorrichtung mit Curcumin-Fluoreszenzbildge-
bung, einem Otoskop oder einem Dermaskop oder
Endoskop, besteht.

Verfahren nach Anspruch 5, wobei die Datensatze
automatisch mit Subpixelgenauigkeit registriert wer-
den.

Verfahren nach Anspruch 5, wobei die Bildframes
registriert sind, um Verschiebung, Drehung, Pers-
pektivverschiebung und Subframe-Verzug zu kom-
pensieren.

Verfahren nach Anspruch 5, wobei die Bildverarbei-
tung in den erfassten Datensatzen eine Bildverbes-
serung wie etwa eine Wiener-Filterung oder eine ite-
rative Dekonvolution beinhaltet.

Verfahren nach Anspruch 5, bei dem mehrere lber-
lappende plenoptische Bilder miteinander mosai-
kiert werden, um ein gréReres Bildfeld zu bilden, das
den interessierenden Bereich abdeckt.

Verfahren nach Anspruch 5, wobei das aktuelle Bild
mit einem oder mehreren zuvor erfassten und ver-
arbeiteten Bildern registriert wird, um einen direkten
Vergleich von Merkmalsanderungen uber die Zeit zu
ermdglichen.

Verfahren nach Anspruch 5, wobei das einzelne Bild
in mehreren Tiefen plenoptisch oder fokussiert ist
und eine Filmkachel erstellt wird, die es dem Benut-
zer ermdoglicht, einen Fokusstapel zu durchlaufen
oder einen Bereich auszuwahlen, um das Objekt im
Fokus anzuzeigen.

Nicht transientes Computerspeichermedium, auf
dem Anweisungen gespeichert sind, die bei Ausfiih-
rung ein Verfahren ausfiihren, das die Schritte nach
einem der Anspriiche 5-12 umfasst.

Revendications

1.

Systeme d’imagerie d’'une partie de corps de patient
utilisateur, comprenant :

un systeme de serveur (400) avec un systéeme
de processeur (460), une interface de commu-
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nication (470), un systéme de communication
(475), un systéme d’entrée (440) et un systéme
de sortie (430), le systeme de serveur (400)
ayant acces a un réseau de communication
(312);

un systéme de mémoire (450) avec un systéme
d’exploitation (451), un module de communica-
tion (452), un module de navigateur web (453),
une application de serveur web (454) et un sup-
port de stockage non transitoire d’imagerie de
partie de corps de patient utilisateur (455) ; et
un site web (516) affichant une pluralité de pa-
ges web résidant sur le support de stockage non
transitoire d'imagerie de partie de corps de pa-
tient utilisateur,

le support de stockage non transitoire d'imagerie de
partie de corps de patient utilisateur étant configuré
pour acquérir (620) une pluralit¢ d’ensembles de
données avec un dispositif d'imagerie optique (630)
le systéme d’imagerie d’'un patient étant configuré
pour aligner les ensembles de données acquis, pour
effectuer (640) un traitement d’'image sur les ensem-
bles de données acquis pour identifier en tant que
données claires satisfaisantes, des parties bien ex-
posées des ensembles de données et élimine un ou
plusieurs ensembles de données sombres mal dé-
finis ou une ou plusieurs aberrations qui dégradent
la qualité d’'imagerie ;

et pour recombiner (650) les données satisfaisantes
des ensembles de données d’image traités dans une
image unique de la partie de corps de patient utili-
sateur.

Systéme d’imagerie d’'une partie de corps de patient
utilisateur selon la revendication 1, comprenant en
outre un systeme client (500), le systéme client com-
prenant un systéme de sortie (502), un systeme
d’entrée (504), un systeme de mémoire (506), un
systeme de processeur (503) et un systéme de com-
munication (512).

Systéme d’imagerie d’'une partie de corps de patient
utilisateur selon la revendication 1, comprenant en
outre un objectif amovible (700).

Systéme d’imagerie d’'une partie de corps de patient
utilisateur selon la revendication 3, dans lequel I'ob-
jectif amovible (700) comprend un objectif macro
(710) et un ensemble d’objectif échangeable (720),
I’ensemble d’objectif échangeable (720) recoit I'ob-
jectif macro (710), de fagon a coupler dans celui-ci
I'objectif macro (710) a 'ensemble d’objectif échan-
geable (720).

Procédé d'imagerie d’une partie de corps de patient
utilisateur, comprenant les étapes de :
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sélection (610) d’un dispositif d'imagerie optique
pour imager la partie de corps du patient
utilisateur ;

acquisition (620) d’une pluralité d’ensembles de
données avec le dispositif d’imagerie optique,
l'acquisition étant effectuée avec une mise au
point a une ou plusieurs positions axiales et une
commande d’exposition ou une mise au point
délibérée a un ou plusieurs emplacements

dimage et une commande d’exposition
spécifiés ;

alignement (630) des ensembles de données
acquis ;

la conduite (640) d’un traitement d’image sur les
ensembles de données acquis pour identifier en
tant que données claires satisfaisantes, des par-
ties bien exposées des ensembles de données
et élimine un ou plusieurs ensembles de don-
nées sombres mal définis ou une ou plusieurs
aberrations qui dégradent la qualité d'imagerie ;
et

recombinaison (650) des données satisfaisan-
tes des ensembles de données d'image traités
dans une image unique de la partie de corps de
patient utilisateur.

Procédé selon la revendication 5, dans lequel le dis-
positif d’imagerie optique est choisi dans le groupe
constitué d’'un dispositif monté a lampe a fente, un
dispositif intégré a lampe a fente, un dispositif OCT,
un dispositif d'imagerie optique a une ou plusieurs
longueurs d’onde spécifiques, un dispositif multis-
pectral, un dispositif hyperspectral, un dispositif a
autofluorescence, un dispositif d'imagerie rétinienne
confocale, un dispositif d'ophtalmoscope laser a ba-
layage, un dispositif optique adaptatif, un dispositif
spécifique a orientation de polarisation, un rétino-
graphe, un dispositif d’'imagerie portatif, un ophtal-
moscope direct, un ophtalmoscope indirect, un dis-
positif d’angiographie a la fluorescéine, un dispositif
d’angiographie ICG, un dispositif d'imagerie par
autofluorescence d'imagerie de fluorescence de cur-
cumine, un otoscope ou un dermascope, ou un en-
doscope.

Procédé selon la revendication 5, dans lequel les
ensembles de données sont automatiquement ali-
gnés avec une précision sous-pixel.

Procédeé selon revendication 5, dans lequel les tra-
mes d’image sont alignées pour compenser la trans-
lation, la rotation, le décalage de perspective et le
gauchissement sous-trame.

Procédé selon la revendication 5, dans lequel le trai-
tement d’image sur les ensembles de données ac-
quis met en oeuvre une accentuation d’'image telle
qu’un filirage de Wiener ou une déconvolution itéra-
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tive.

Procédé selon la revendication 5, dans lequel des
images plénoptiques superposées multiples sont
agencées en mosaique pour formerun champ d’ima-
ge plus grand couvrant la zone d’intérét.

Procédé selon la revendication 5, dans lequel I'ima-
ge actuelle est alignée avec une ou plusieurs images
précédemment capturées et traitées pour permettre
une comparaison directe de changements de carac-
téristiques au cours du temps.

Procédé selon la revendication 5, dans lequel I'ima-
ge unique est plénoptique ou mise au point a des
profondeurs multiples et un fichier vidéo est créé qui
permet a l'utilisateur de se déplacer par incrément
surun empilage de focale ou sélectionner une région
a visualiser qui est mise au point.

Support de stockage informatique non transitoire
comportant des instructions stockées sur celui-ci
qui, lorsqu’elles sont exécutées, exécutent un pro-
cédé comprenant les étapes selon I'une quelconque
des revendications 5 a 12.
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