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FIG. 1

gical data and information in a surgical microscope are disclosed herein. Ac-
cording to an aspect, a system includes first and second eyepieces. The system
includes a display having first and second display portions, configured to dis-
play first images in the first display portion, and configured to display second
images in the second display portion. The first image and the second image
are projected along a first pathway and a second pathway. The system in-
cludes a first optical element positioned to relay the first images into the first
eyepiece. The system includes a second optical element positioned to relay
the second images into the second eyepiece.
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DESCRIPTION
STEREOSCOPIC DISPLAY SYSTEMS AND METHODS FOR DISPLAYING
SURGICAL DATA AND INFORMATION IN A SURGICAL MICROSCOPE

CROSS REFERENCE TO RELATED APPLICATION
[0001] This application claims the benefit of U.S. Provisional Patent Application

Number 62/112,698, filed February 6, 2015 and titled STEREOSCOPIC HEADS-UP
DISPLAYING SURGICAL DATA IN A SURGICAL MICROSCOPE AND METHODS OF

USE, the disclosure of which is incorporated herein by reference in its entirety.

FEDERALLY SPONSORED RESEARCH OR DEVELOPMENT

[0002] The technology disclosed herein was made in part with government support
under Federal Grant No. EY023039 awarded by the National Institutes of Health (NIH). The

United States government has certain rights in the technology.

TECHNICAL FIELD
[0003] The present subject matter relates to display systems. More particularly, the

present subject matter relates to stereoscopic display systems and methods for displaying
medical or surgical data and information in a surgical microscope or other display device

designed for interactive use during patient care.

BACKGROUND

[0004] First generation intrasurgical optical coherence tomography (OCT) systems
displayed OCT data onto a separate computer monitor, requiring surgeons to look away from
the surgical microscope. In order to provide real-time OCT feedback without requiring
surgeons to look away during surgeries, recent prototype research and commercial intrasurgical
OCT systems have integrated heads-up display (HUD) systems into the surgical microscopes
to allow the surgeons to access the OCT data and the surgical field through the oculars
concurrently. However, current intrasurgical OCT systems with a HUD are only capable of

displaying through one ocular or eyepiece, thus limiting the surgeon’s depth perception of OCT
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volumes. Stereoscopy is an effective technology to dramatically increase depth perception
by presenting an image from slightly different angles to each eye. Conventional stereoscopic
HUD use a pair of micro displays which require bulky optics. Several approaches for HUDs
are reported to use only one micro display at the expense of image brightness or increased
footprint.  However, these techniques for HUD are not suitable to be integrated into
microscopes. Other display devices intended for medical, industrial, or entertainment use
may also benefit from a more compact and efficient optical design. For example, head-
mounted displays, enhanced/augmented reality displays, and other immersive display
technologies require compact and light weight designs.

[0005] For at least the aforementioned reasons, there is a need for improved display

systems for use in medical and other applications.

SUMMARY

[0006] Disclosed herein are stereoscopic display systems and methods for displaying
surgical data and information in a surgical microscope. In accordance with embodiments of
the present disclosure, a compact, microscope-integrated stereoscopic HUD is disclosed which
uses spatial multiplexing to project stereo views into both oculars simultaneously using a single
micro-display. The HUD is supported by real-time GPU-enabled stereoscopic OCT image
processing. In an example, a stereoscopic HUD having one micro display and only three
optical elements is provided for a microscope-integrated OCT system.

[0007] According to an aspect, a stereoscopic display system includes first and second
eyepieces. The system includes a display having first and second display portions, configured
to display first images in the first display portion, and configured to display second images in
the second display portion. The first image and the second image are projected along a first
pathway and a second pathway leading to the first and second eyepiece, respectively. The
system includes a first beamsplitter or other optical element positioned so that the first eyepiece
only receives the first images, and positioned to receive and reflect both first and second light
into the first microscope optical path but the received second light is rejected by the aperture

inside the first eyepiece or any suitable aperture. The system includes a second beamsplitter
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or other optical element positioned so that the second eyepiece only receives the second images,
and positioned to receive and reflect both first and second light into the second microscope
optical path but the received first light is rejected by the aperture inside the second eyepiece or

any suitable aperture.

BRIEF DESCRIPTION OF THE DRAWINGS
[0008] The foregoing aspects and other features of the present subject matter are
explained in the following description, taken in connection with the accompanying drawings,
wherein:
[0009] FIG. 1 is a schematic diagram of an example stereoscopic display system in
accordance with embodiments of the present disclosure;
[00010] FIGs. 2A-2F illustrate diagrams depicting example images that can be seen
through a stereoscopic display system in accordance with embodiments of the present
disclosure;
[00011] FIG. 3 is a partially transparent view of a HUD in accordance with embodiments
of the present disclosure;
[00012] FIG. 4 is an image of a HUD mounted on a surgical microscope attached with

an SSOCT scan head in accordance with embodiments of the present disclosure;

[00013] FIG. 5 depicts a grid test chart for distortion characterization;

[00014] FIG. 6 illustrates a diagram of pincushion distortion;

[00015] FIG. 7 is a diagram depicting a stereopsis example;

[00016] FIGs. 8A-8C are images captured through eyepieces in accordance with

embodiments of the present disclosure;

[00017] FIGs. 9A and 9B are images seen through the left/right eyepieces in porcine eye
operation;
[00018] FIGs. 9C and 9D are closeups of stereo pair of volumetric renderings (rotated 9

degrees relative to each other), projected into left/right eyepieces during live human macular
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surgery;
[00019] FIG. 10 is an exploded perspective view of a HUD in accordance with
embodiments of the present disclosure;

[00020] FIG. 11 illustrates two different field of views shown in oculars (or eyepieces)
in accordance with embodiments of the present disclosure;

[00021] FIG. 12 illustrates an image showing an example HUD image in accordance
with embodiments of the present disclosure; and

[00022] FIG. 13 is a perspective view of example movement tracking equipment 1400

in use in accordance with embodiments of the present disclosure.

DETAILED DESCRIPTION

[00023] For the purposes of promoting an understanding of the principles of the present
disclosure, reference will now be made to various embodiments and specific language will be
used to describe the same. It will nevertheless be understood that no limitation of the scope
of the disclosure is thereby intended, such alteration and further modifications of the disclosure
as illustrated herein, being contemplated as would normally occur to one skilled in the art to
which the disclosure relates.

[00024] Articles “a” and “an” are used herein to refer to one or to more than one (i.e. at
least one) of the grammatical object of the article. By way of example, “an element” means

at least one element and can include more than one element.

non N

[00025] In this disclosure, "comprises,” "comprising," "containing” and "having" and
the like can have the meaning ascribed to them 1n U.S. Patent faw and can mean "includes,”
"including,” and the like; "consisting essentially of" or "consists essentially"” likewise has the
meaning ascribed in U.S. Patent law and the term is open-ended, allowing for the presence of
more than that which 1s recited so long as basic or novel characteristics of that which 1s recited
is not changed by the presence of more than that which is recited, but excludes prior art
embodiments.

[00026] Ranges provided herein are understood to be shorthand for all of the values

within the range. For example, a range of 1 to 50 is understood to include any number,
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combination of numbers, or sub-range from the group consisting 1,2, 3,4, 5,6, 7, 8,9, 10, 11,
12,13, 14, 15,16, 17, 18,19, 20, 21, 22,23, 24, 25,26, 27. 28, 29, 30, 31, 32, 33, 34, 35, 36,
37,38, 39, 40, 41, 42, 43, 44_ 45, 46, 47, 48, 49 or 50.

[00027] Unless specifically stated or obvious from context, as used herein, the term
"about” is understood as within a range of normal tolerance in the art, for example within 2
standard deviations of the mean. The term “about” can be understood as within 10%, 9%, 8%,
7%, 6%, 5%, 4%, 3%, 2%, 1%, 0.5%, 0.1%, 0.05%, or 0.01% of the stated value. Unless
otherwise clear from context, all numerical values provided herein are modified by the term
“about.”

[00028] Unless otherwise defined, all technical terms used herein have the same
meaning as commonly understood by one of ordinary skill in the art to which this disclosure
belongs.

[00029] In accordance with embodiments of the present disclosure, a compact,
stereoscopic display system is provided for displaying stereoscopic images utilizing a single
micro display for Microscope Integrated OCT (MIOCT). In an example, a MIOCT sample
arm may couple the OCT and surgical optical axis and may enable concurrent imaging with
both systems. Further, it has been demonstrated that high speed Swept-Source MIOCT (SS-
MIOCT) may be used for real-time volumetric imaging of dynamic surgical maneuvers.
[00030] FIG. 1 illustrates a schematic diagram of an example stereoscopic display
system 100 in accordance with embodiments of the present disclosure. Referring to FIG. 1,
system 100 may generally includes a binocular head 102, a stereoscopic HUD 104, and a
surgical microscope 106. The HUD 104 may be mounted on the surgical microscope 106.
In an example, the surgical microscope 106 may be a ophthalmic surgical microscope (e.g., an
M840 microscope available from Leica Microsystems Inc., of Buffalo Grove, Illinois). The
HUD 104 includes two beam splitters 108 and 110 positioned to optically couple with both
eyepieces (or oculars) 112 and 114, respectively. During operation of the system 100, a
controller 116 may control an OLED micro display 118 to display images and/or video. As
will be described in more detail herein, the display 118 may include two display portions (e.g.,

left side and right side of display) that are controlled by the controller 116 to display different
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images (or video) in the display portions. The different images are projected along two
different pathways (generally in the direction indicated by arrow 109) towards the beam
splitters 108 and 110. Beam splitter 108 and 110 are positioned to receive both images along
both pathways. The beam splitters 108 and 110 are positioned to relay their received images
along two pathways (generally in the direction indicated by arrow 111) onto an aperture inside
eyepieces 112 and 114 or any suitable aperture, respectively. The aperture inside eyepiece 112
or any suitable aperture only passes a respective pathway from one of the display portions, and
the aperture inside eyepiece 114 or any suitable aperture only passes a respective pathway from
the other display portion. In this way, the left eye 120 and the right eye 122 of a person can
view the projected images of the different display portions of the display 118 in different eyes.
The images projected by the display portions of the display 118 are the two different parts of a
stereoscopic view. As will be described in more detail herein, such a stereoscopic view can
be, for example, overlaid on one or more objects being viewed with the surgical microscope
106 or presented in conjunction with object(s) being viewed with the surgical microscope 106.
[00031] The controller 116 can include one or more processors 124 and memory 126 for
implementing the function of controlling the display 118 in accordance with embodments
disclosed herein. In an example, the controller 116 may be part of a computing device, such
as a desktop computer, a laptop computer, a tablet computer, smartphone, or the like configured
with equipment for interfacing with the display 118. The controller 116 may be operably
connected to a user interface such that a user may input commands and be presented with data
about operation of the system 100, including operation of the display 118. Alternative to the
processor(s) 124 and the memory 126, the controller 116 may include any suitable hardware,
software, firmware, or combinations thereof for implementing the functionality described
herein.

[00032] The surgical microscope 106 may be any suitable type of microscope. In this
example, the surgical microscope 106 is configured to operate together with an objective lens
130 and contract lens 132 for viewing of a patient’s eye 134 during surgery.

[00033] In the example of FIG. 1, the display 118 is an OLED micro display (SVGAO0S50,

resolution: 800x600, viewing area: 10.13 mm x 7.61 mm, pixel pitch: 12.6um, contrast ratio:
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10,000:1; Yunnan OLiGHTEK Opto-Electronic Technology Co., Ltd.; China). The images
displayed by the display 118 can be relayed to the surgeon’s eyes by a triplet focusing lens 136
(fa=90mm; Leica Microsystems Inc.; Buffalo Grove, IL) and the microscope eyepiece 112 and
114. Beams splitters 108 and 110 (e.g., beamsplitters available from Thorlabs, Inc.; Newton,
New Jersey) coupled the HUD 104 and surgical microscope 106 optical axis: 10% of the light
from the display 118 can be reflected by beam splitter 110, directing the light into the right
eyepiece 114. The remaining light transmitted by the first beam splitter 110 was reflected
(10%) by a second splitter 108, directing the light into the eyepiece 112. The beam splitters
108 and 110 were tilted by 1.5 + 0.25 degree relative to the rest of the optical elements. The
angles of both tilted beam splitters 108 and 110 are calibrated so that the left 1/2 of the display
was directed to the right eyepiece 114 while the right 1/2 of the display was directed to the left
eyepiece 112. Tilting of the beam splitter results in a slight lateral displacement of collimated
light from the infinity space of the surgical field due to refraction at the glass/air interfaces, but
with no displacement of the image position on the observer’s retina. The lateral shift due to
a 1.5 degree tilt was calculated to be 0.23 mm, which causes negligible vignetting at the ocular
stops.

[00034] The HUD 104 may be interfaced with an SS-MIOCT system via USB, HDMI,
orthelike. The HUD 104 can enable real-time acquisition, processing, and stereoscopic HUD
display of volumetric images in real time (up to 10 volumes/sec). GPU-based software may
be run by the controller 116 to implement functionality disclosed herein. For example, the
controller 116 can enable simultaneous rendering of two separate views of each volume which
can be displayed in the separate display portions of the display 116. The two renderings can
be rotated relative to each other to create the stereoscopic effect. The volume projected to the
left eye can displayed in the right 1/2 of the display 118 which can only be seen by the left eye.
The OCT volume intended for the right eye can be rotated 10° (or any other suitable angle)
from that intended for the left eye and displayed in the left 1/2 of the display 118 which can
only be seen by the right eye. The positions of the two images can be calibrated
experimentally so that they may be fused by the observer. Furthermore, the overall direction

of view of both stereoscopic OCT volumes may be rotatable by a control device (e.g., a foot
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trackball available from Infogrip, Inc.; Ventura, California or other common computer input
device) by the surgeon or other user while operating in real time.

[00035] In experiments, the resolution of the microscope with and without the HUD
were measured by imaging USAF 1951 resolution bars. Fields of view were measured by
imaging a grid paper. The measured resolution and field of view of the surgical field with
and without the HUD were both 12.40 pm and 270 mm? indicating that the HUD did not affect
the original field of view of the surgical microscope. Stereoscopic volumetric renders of
simulated retinal surgery were acquired by SS-MIOCT and displayed via the HUD. The
images used to create the stereoscopic effect inside the HUD oculars are shown in FIGs. 9A
and 9B, which are example images seen through both eyepieces of the HUD 104. More
particularly, FIG. 9A is the image seen through the left eyepiece, and FIG. 9B is the image seen
through the right eyepiece. The round object shown in the images of FIGs. 9A and 9B is the
working area of the surgical field of the retina through a contact lens. The brightness of the
left eyepiece image was not noticeably different from that of the right eyepiece. The
stereoscopic effect of the volume was prominent when observers looked into both eyepieces.
Importantly for an overlay display, the use of an OLED display can allow for black pixels to
be completely transparent.

[00036] In accordance with embodiments of the present disclosure, any suitable type of
display may be used. For example, a micro display (SXGAO060, resolution: 1280x1024,
viewing area: 11.941x9.560mm, pixel pitch: 9.3pm and contrast ratio: > 10000:1, Yunnan
OLiGHTEK Opto-Electronic Technology Co.,Ltd.; China) may be used.

[00037] An objective lens 136 may be used to focus the display 118. The lens may be
any suitable type of lens, such as a triplet lens. The triple lens 136 may have a focal length
of 50 mm so that the image is magnified enough to show half of the screen to each eye.
Distortion and stereoscopic effect may also be characterized carefully. The rotation angle
between two volumes intended to different eyes can be suitably optimized.

[00038] FIGs. 2A-2F illustrate diagrams depicting example images that can be seen
through a stereoscopic display system in accordance with embodiments of the present

disclosure. For example, the images are examples that may be seen through the system 100
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of FIG. 1. Referring to FIGs. 2A and 2B, the figures show images that may be seen through
two different eyepieces of the system. The black circles represent the field of view of the
eyepieces and the squares represent the position of the display image on the two eyepieces.
FIG. 2C shows an image displayed on the display with the two different display portions R
(corresponding to the right eyepiece) and L (corresponding to the left eyepiece). FIGs. 2D
and 2E show images seen through the respective eyepieces (right and left) when the HUD
projects corresponding images intended for the different eyes. FIG. 2F shows stereoscopic
images fused by the observer’s brain.

[00039] In accordance with embodiments of the present disclosure, a camera connected
with a camera lens may be attached to a surgical microscope’s eyepiece with a 3D printed
mount for capturing images on the microscope’s surgical plane and the HUD’s display plane.
The camera may be any suitable camera, such as a camera provided by Point Grey Research,
http://www .ptgrey.com. The camera lens (e.g., 8.5 mm) may be any suitable lens, such as a
lens provided by Edmund Optics Inc., of Barrington, New Jersey.  As a further example, FIG.
3 illustrates a partially transparent view of a HUD in accordance with embodiments of the
present disclosure. FIG. 4 is an image of a HUD mounted on a surgical microscope attached
with an SSOCT scan head in accordance with embodiments of the present disclosure.

[00040] In order to characterize the effects of the addition of the HUD on the optical
path of the operating microscope, resolution, field of view (FOV), and distortion of the surgical
microscope with and without the HUD was measured with a USAF resolution test target, a
caliper, and a grid chart respectively in the surgical field at 10x total magnification. FIG. 5
depicts a grid test chart for distortion characterization. FIG. 6 illustrates a diagram of
pincushion distortion. The distortion of the HUD’s display and captured by a camera through
the microscope eyepieces. The captured grid chart images were then analyzed by Imatest
software (available from Imatest LCC of Boulder, Colorado) in which SMIA TV distortion

was calculated by this software based on the following equation (1) and FIGs. 3A-3F.

SMIATV Distortion (%) = 100(;-B>’ A= Alez )

[00041] Stereopsis is one of the strongest depth cues where human brains reconstruct
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distance according to lateral displacement between two points perceived by left and right eyes.
As two objects like square 700 and square 702 in FIG. 7 are displayed in a 3D viewing device
in which one object is only projected to one eye, both eyes can be fixated at a point of interest
like point A through vergence. The disparity for point B when eyes are fixated at point A is
measured by angular parallax (w-6). If the angular parallax exceeds an upper limit, double
vision (diplopia) will be experienced. In an experimental study, the upper limit of angular
parallax varies dramatically from people to people and found to be around 4-7°. In this
example application, the virtual image of the rendered OCT volume relayed by the microscope
eyepiece had a size of 50mm wide and S0mm height, 250mm (L) away from the observers.
The maximum lateral displacement (d) between two same points intended to different eyes was
set to be 6 mm. The Interpupillary distance of the observer was assumed to be 65mm ().
Thus, the angular disparity (w-6) can be calculated by equation (2).
w — 0 = 2 xarctan (%) — 2 x arctan (%) (2)

Some objects on the display can only be seen by the left eye while other objects can only be
seen by the right eye.  Through vergence, both eyes can be fixated at point A or point B which
appear to be above or beneath the display.

[00042] The grid charts placed in the surgical field of the microscope with or without
the HUD mounted were imaged through microscope oculars (see FIGs. 9A and 9B). It can
be seen that both images have small and same degrees of pincushion distortions. The
quantitatively characterized resolution, FOV and SMIA TV distortion of Leica M844 surgical
microscope with and without HUD are reported in Table 1. From the data and image, it is
clear that the addition of HUD in the optical path of the microscope had little to no effects to
the optical performance of the microscope. FIGs. 8A-8C are images captured through
eyepieces in accordance with embodiments of the present disclosure. Particularly, FIG. 8A
is an image captured when a grid chart was placed in the microscope surgical field without
HUD mounted. FIG. 8B is an image captured when the grid chart was placed in the
microscope surgical field with HUD mounted. FIG. 8C is an image captured when the grid

chart image was displayed the HUD’s display.
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[00043]

grid chart pattern (see FIG. 8C) and was found to be 1.21%, which indicates that the optical

PCT/US2016/016830

The distortion of the HUD’s optical system was also characterized by the same

system of the HUD had decent optical performance to display intra surgical data.

maximum angular parallax in the rendered OCT volume was calculated to be 2.7°.

observers should be able to fuse the stereoscopic volume easily when looking through the HUD

systems.

[00044]

microscope with HUD and without HUD.

Table 1 below shows a comparison of resolution, FOV, and distortion between

Characteristics Microscope without HUD | Microscope with HUD
Resolution (um) 12.40 12.40
FOV (mm) 21 21
SMIA TV Distortion (%) 1.47 (pincushion) 1.56 (pincushion)
Table 1
[00045] Stereoscopic, 4D Microscope Integrated OCT (4DMIOCT) volumetric renders

of human retinal surgery have been acquired and displayed via the HUD (see FIGs. 9A- 9D).
FIGs. 9A and 9B are example imagess that can be viewed through eyepieces of a HUD in
accordance with embodiments of the present disclosure.  FIG. 9A shows an image viewable
through a left eyepiece. FIG. 9B shows an image viewable through the right eyepiece. The
round object in the figures is the surgical view of the retina through a contact lens. FIGs. 9C
and 9D are closeups of stereo pair of volumetric renderings (rotated 9 degrees relative to each
other), projected into left/right eyepieces during live human macular surgery. The brightness
of the left ocular image was not noticeably different from that of the right ocular. Up to the
time when the application is submitted, 43 human vitreoretinal surgeries have been operated
with the HUD. A total number of five ophthalmic surgeons have used the HUD during
simulated surgeries or human vitreoretinal surgeries and all of them reported able to see
prominent stereoscopic effect when they looked into both oculars.  For an overlay display, the
use of an OLED display can allow completely transparent black pixels (contrast = 10000:1),

unlike liquid crystal on silicon (LCOS) micro displays used in prior work, to ensure that

operating microscope view through the HUD was not compromised.
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[000406] FIG. 10 illustrates an exploded perspective view of a HUD in accordance with
embodiments of the present disclosure. Referring to FIG. 11, the HUD includes an OLED,
lens, and beam splitters as shown.

[00047] FIG. 11 illustrates two different field of views shown in left and right oculars
(or eyepieces) in accordance with embodiments of the present disclosure. FIG. 11 also
represents a possible display format of MIOCT B scans, volumes and microscope view during
wet-lab based studies and live human ophthalmic surgeries. Referring to FIG. 11, OCT images
may be displayed on unused peripheral regions inside the oculars which may allow the surgeon
an unobstructed view of the working area of the surgical fieldand and of the real time
stereoscopic OCT data simultaneously. The surgeon may use a foot-controlled device or any
other suitable devices to interact with displayed images (e.g. orienting OCT volumes to inspect
an interested area from different angles). According to the surgeons, the HUD was intuitive to
use, did not restrict or alter their normal view of surgery, and that the stereoscopic OCT
volumes rendered in the HUD were readily visible. Additionally, all reported that the small
brightness difference between left and right ocular images was not discernable and surgeons
preferred stereoscopic to monoscopic visualization of MIOCT volumes for improved depth

perception.

[00048] FIG. 13 illustrates an image showing an example HUD image in accordance
with embodiments of the present disclosure. Referring to FIG. 13, the HUD can include the
surgery view as well as other images projected by a display. The other images may include
surgical setting information, surgery plan information, and patient vital information. Further,
the display can project images of an OCT volume and an OCT B-scan.

[00049] In accordance with embodiments of the present disclosure, a compact
stereoscopic display system may also be incorporated into a head-mounted display unit or any
suitable 3D viewing devices intended for medical, industrial, or entertainment use. Whether
used with a microscope-integraded HUD, head-mounted display, or any suitable 3D viewing
devices, the display system may also include user head movement tracking equipment

configured to track movement of a user. The system may include a controller operably
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connected to the display and configured to alter images displayed by one display portion and
another display portion based on the tracked movement. For example, FIG. 14 illustrates a
perspective view of a head-mounted stereoscopic display 1400 which also incorporates head
tracking equipment (either in the head-mounted display unit itself or configured separately) in
use in accordance with embodiments of the present disclosure. Referring to FIG. 14, the
head-mounted display 1400 used in conjunction with head movement tracking equipment
allows the user to visualize a three dimensional image 1404 from a viewpoint which is
intuitively controlled by the user by rotation or transtlation of the user’s head. As illustrated in
Fig. 14, the head tracking equipment may monitor the roll, pitch and yaw of the user’s head in
order to control the roll, pitch and yaw of the 3D dataset displayed. Alternatively, the translation
of the user’s head in x, y, and z may also be monitored in order to intuitively control the user’s
viewpoint of the 3D dataset. The head tracking equipment and method of use described in this
paragraph may also be used together with the microscope-integrated HUD described previously
for the user to intuitively control the viewpoint of the rendered dataset.

[00050] With continuing reference to FIG. 14, an image 1404 can be captured of a
surgical field. A controller, such as controller 116, is configured to alter views shown in the
images based on the movement tracked by the head tracking equipment. In this example, the
movement of the head can result in corresponding movement about an object shown in the
image 1404. In this way, the user 1402 can manipulate the view in the image 1404 without
the user of hands.

[00051] The various techniques described herein may be implemented with hardware or
software or, where appropriate, with a combination of both. Thus, the methods and apparatus
of the disclosed embodiments, or certain aspects or portions thereof, may take the form of
program code (i.e., instructions) embodied in tangible media, such as floppy diskettes, CD-
ROMs, hard drives, or any other machine-readable storage medium, wherein, when the
program code is loaded into and executed by a machine, such as a computer, the machine
becomes an apparatus for practicing the presently disclosed subject matter. In the case of
program code execution on programmable computers, the computer will generally include a

processor, a storage medium readable by the processor (including volatile and non-volatile
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memory and/or storage elements), at least one input device and at least one output device. One
or more programs may be implemented in a high level procedural or object oriented
programming language to communicate with a computer system. However, the program(s) can
be implemented in assembly or machine language, if desired. In any case, the language may be
a compiled or interpreted language, and combined with hardware implementations.

[00052] The described methods and apparatus may also be embodied in the form of
program code that is transmitted over some transmission medium, such as over electrical wiring
or cabling, through fiber optics, or via any other form of transmission, wherein, when the
program code is received and loaded into and executed by a machine, such as an EPROM, a
gate array, a programmable logic device (PLD), a client computer, a video recorder or the like,
the machine becomes an apparatus for practicing the presently disclosed subject matter.
When implemented on a general-purpose processor, the program code combines with the
processor to provide a unique apparatus that operates to perform the processing of the presently
disclosed subject matter.

[00053] Features from one embodiment or aspect may be combined with features from
any other embodiment or aspect in any appropriate combination. For example, any individual
or collective features of method aspects or embodiments may be applied to apparatus, system,
product, or component aspects of embodiments and vice versa.

[00054] While the embodiments have been described in connection with the various
embodiments of the various figures, it is to be understood that other similar embodiments may
be used or modifications and additions may be made to the described embodiment for
performing the same function without deviating therefrom.  Therefore, the disclosed
embodiments should not be limited to any single embodiment, but rather should be construed
in breadth and scope in accordance with the appended claims.One skilled in the art will readily
appreciate that the present subject matter is well adapted to carry out the objects and obtain the
ends and advantages mentioned, as well as those inherent therein. The present examples
along with the methods described herein are presently representative of various embodiments,
are exemplary, and are not intended as limitations on the scope of the present subject matter.

Changes therein and other uses will occur to those skilled in the art which are encompassed
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within the spirit of the present subject matter as defined by the scope of the claims.
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CLAIMS
What is claimed:
1. A stereoscopic display system comprising:
first and second eyepieces;
a display comprising first and second display portions, with an optical system
configured to display one or more first images in the first eyepiece, and configured to display

one or more second images in the second eyepiece.

2. The stereoscopic display system of claim 1, wherein the one or more first images and
the one or more second images are projected along a first pathway and a second pathway,
respectively;

a first optical element positioned to receive both images projected along the two
pathways, configured to only allow the one or more first images pass into the first eyepiece;
and

a second optical element positioned to receive both images projected along both
pathway, configured to only allow the one or more second images pass into the second

eyepiece.

3. The stereoscopic display system of claim 2, wherein the one or more first and second
images are transmitted through the first optical element before being reflected by the second

optical element.

4. The stereoscopic display system of claim 3, wherein the first and second optical
elements are tilted with respect to each other so as to direct the one or more first images and

one or more second images into the first and second eyepiece, respectively.

5. The stereoscopic display system of claim 4, wherein the one or more first images are
blocked from the second eyepiece by a first optical aperture, and wherein the one or more

second images are blocked from the first eyepiece by a second optical aperture.
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6. The stereoscopic display system of claim 5, wherein the first optical aperture is the
aperture of the second eyepiece or any suitable aperture, and wherein the second eyepiece is

the aperture of the first eyepiece or any suitable aperture.

7. The stereoscopic display system of claim 1, wherein the display is an organic light-
emitting diode (OLED) micro display, a digital light processing (DLP) micro display, a liquid
crystal micro display (LCD), liquid crystal on silicon (LCOS) micro display or any suitable
type of display.

8. The stereoscopic display system of claim 1, wherein the one or more first images or the
one or more second images comprise optical coherence tomography (OCT) images or any

suitable images.

9. The stereoscopic display system of claim 1, further comprising a microscope operably
connected to the first and second beamsplitters and configured to image a sample to generate

the first light and the second light.
10.  The stereoscopic display system of claim 1, further comprising an objective lens
operably positioned along the first and second pathways between the display and the first and

second beamsplitters.

11a.  The stereoscopic display system of claim 10, wherein the objective lens is a triplet lens

or any suitable lens.

12.  The stereoscopic display system of claim 1, wherein the first optical element and the

second optical element are angled relative to each other and the rest of the optical elements.
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13.  The stereoscopic display system of claim 1, wherein the angle is 3 = 0.5 degrees or any
suitable angle relative to each other and 1.5 £ 0.25 degrees or any suitable angle relative to

other optical elements.

14. The stereoscopic display system of claim 1, wherein the two optical elements are
positioned in microscope’s left and right optical path, respectively and are on the same

horizontal plane with the micro display and focusing lens.

15. The stereoscopic display system of claim 1, further comprising:
movement tracking equipment configured to track movement of a user; and
a controller operably connected to the display and configured to alter images displayed

by the first display portion and the second display portion based on the tracked movement.

16. The stereoscopic display system of claim 9, wherein the movement tracking equipment

comprises a head tracker configured to track movement of the head of the user.

17.  The stereoscopic display system of claim 9, wherein the images comprise images of a
surgical field, and
wherein the controller is configured to alter views shown in the images based on the

tracked movement.
18. The stereoscopic display system of claim 1, wherein the stereoscopic display system

may also be incorporated into a head-mounted display unit or any suitable viewing devices

intended for medical, industrial, or entertainment use.
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