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A NEAR-EYE DISPLAY SYSTEM INCLUDING A MODULATION
STACK

RELATED APPLICATIONS

[0001] The present invention claims priority to U.S. Patent Application No.
15/236,101, filed on 8/12/2016, which is incorporated herein by reference.
FIELD

[0002] The present invention relates to a near-eye display system, and

more particularly to a near-eye display system including a modulation stack.

BACKGROUND

[0003] Near-eye display systems are becoming more common. Such
near-eye display systems attempt to provide a three-dimensional display to the user.
In the prior art, displays rendering multiple focal planes utilized mechanical
movement such as gears or liquid lenses. Such mechanisms are expensive, slow,
and relatively fragile. Another prior art method of displaying multiple focal lengths
uses multiple mirrors and lenses.

[0004] Such prior art solutions are some combination of large, expensive,
and slow. Liquid lenses are expensive and slow, and prior art beam splitters are
large. This makes them difficult to use, and not useful for size or cost constrained

systems, particularly near-eye display systems.
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BRIEF DESCRIPTION OF THE FIGURES

[0005] Figure 1is an illustration of one embodiment of a near-eye display
system (NED), in which the present invention may be used.

[0006] Figure 2Ais a block diagram of one embodiment of a near-eye
display system.

[0007] Figure 2B is a block diagram of one embodiment of a projection
assembly.

[0008] Figures 3A and 3B are diagrams of one embodiment of a digital
light path length modulator in a near-eye display system.

[0009] Figure 3C is an optical diagram showing a relationship between
focal length and conjugate ratio.

[0010] Figure 4 is a block diagram of one embodiment of a modulation
stack including a plurality of digital light path length modulators.

[0011] Figure 5A illustrates one embodiment of the effect of using an
OPLE with light having a first polarization.

[0012] Figure 5B illustrates one embodiment of the effect of using the
OPLE of Figure 5A, with light having a second polarization.

[0013] Figure 5C illustrates one embodiment of the effect of using a self-
aligned OPLE, with light having a second polarization.

[0014] Figure 5D illustrates an example of light path extensions and the
effect on a virtual object distance.

[0015] Figure 5E illustrates an example of image elements in two focal
planes.

[0016] Figure 6 is a flowchart of one embodiment of using the near-eye

display system including multiple virtual object distances.
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[0017] Figure 7 is a flowchart of one embodiment of using the near-eye
display system with spatial adjustments of light path length.

[0018] Figure 8 is a flowchart of one embodiment of using the near-eye
display system with time sequential adjustments of light path length.

[0019] Figure 9 is a flowchart of one embodiment of using the near-eye
display system with variable adjustment of light path length, based on auxiliary data.

[0020] Figure 10 is a flowchart of one embodiment of using dynamic focal

planes using eye tracking for feedback.
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DETAILED DESCRIPTION

[0021] A near-eye display system utilizing a modulation stack is described.
A modulation stack includes one or more digital light path length modulators, to
adjust the path length of light. A digital light path length modulator can be used to
create two focal planes. In one embodiment, using a modulation stack with a
plurality of digital light path length modulators, the number of focal planes can be
increased. Creating a display in which the 3D indicia of overlap, focus, and
vergence match provides the capacity to build a system that can meet the
physiological requirements of human vision. This produces a better quality 3D
display than is currently possible and can prevent the discomfort associated with 3D
displays.

[0022] The following detailed description of embodiments of the invention
makes reference to the accompanying drawings. The drawings show various
embodiments of practicing the invention. Description of these embodiments is in
sufficient detail to enable those skilled in the art to practice the invention. One skilled
in the art understands that other embodiments may be utilized and that logical,
mechanical, electrical, functional and other changes may be made without departing
from the scope of the present invention. The following detailed description is not to
be taken in a limiting sense, and the scope of the present invention is defined only by
the appended claims.

[0023] Figure 1is an illustration of one embodiment of a near-eye display
system, in which the present invention may be used. The near-eye display system,
in one embodiment includes a head-mounted display, which includes a display for
one or both eyes of a user. In one embodiment, the near-eye display system is a

display mounted in another device, such as a camera, microscope display, focal
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assist in a microscope, telescope, digital scope, medical display system, rifle scope,
range finder, etc. In one embodiment, the near-eye display system is coupled with a
speaker system to enable the playing of audio-visual output such as movies. The
near-eye display system may provide an opaque display, partially transparent
display, and/or transparent display. The near-eye display system may provide
augmented reality and/or virtual reality display.

[0024] Figure 2Ais a block diagram of one embodiment of a near-eye
display system. The near-eye display system 200 includes, in one embodiment, a
display subsystem 205, an audio subsystem 254, a processor 250, a memory 252,
and optionally an auxiliary data system 260. The display subsystem 205 generates
image data. Memory 252 may be a buffer-memory, enabling the near-eye display
system 200 to stream content. The memory 252 may also store image and video
data for display. 1/O system 256 makes image, audio, video, VR, or other content
available from other sources (e.g. enables downloading or streaming of content from
various sources.)

[0025] The display subsystem 205 includes, in one embodiment, image
source 210 and projection assembly 220. The image source 210 in one embodiment
includes a light source 217, which in one embodiment is a spatial light modulator
(SLM). The image source 210 in one embodiment also includes a digital correction
system 215, to correct the output of the light source 217, to account for distortion in
the projection assembly 220. In one embodiment, the light source 217 may be a real
image, in which case the light source 217 is external to the system, and there is no
digital correction. In one embodiment, the NED 200 may be used for one or more of
virtual reality (digital image source), augmented reality (a combination of real and

digital image source), and reality (real image source.)
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[0026] The projection assembly 220 includes a polarizer 225 in one
embodiment. The polarizer 225 passes through light with a particular polarization.

[0027] The projection assembly 220 includes a modulation stack 230. The
modulation stack 230 includes one or more digital light path length modulators 235,
237. The digital light path length modulators 235, 237 alter the light path length
based on the polarization of the light. In one embodiment, polarizer 225 may be
positioned after modulation stack 230.

[0028] Imaging assembly 240 is used to display the image to the user. In
one embodiment, the display subsystem 205 may include additional mechanical and
optical elements which can provide correction or alteration of the image.

[0029] The system may include a binocular elements display subsystem
207. In one embodiment, the binocular elements display subsystem 207 may
include only an imaging assembly, while the image source 210, polarizer 225, and
modulation stack 230 may be shared between the display subsystem 205 and the
binocular elements display subsystem 207. In another embodiment, the binocular
elements display subsystem 207 may include more of the elements, including one or
more of a separate polarizer, modulation stack, and image source.

[0030] In one embodiment, the system may receive data from auxiliary
data system 260. The auxiliary data system may provide information for selecting
the focal lengths. As noted above, the modulation stack 230 can create a perception
of an image element at various virtual object distances. The auxiliary data system
260 may be used to select a virtual object distance, based on various factors.

[0031] One auxiliary data system 260 element is an eye tracking
mechanism 265. The eye tracking mechanism 265 tracks the gaze vector of the

user’'s eyes. In one embodiment, the system may place image elements in one or
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more selected locations based on where the user’s eyes are looking, using the eye
tracking mechanism 265. In one embodiment, the eye tracking mechanism 265 is an
infrared optical sensor or camera to sense light reflected from the eye. Other
techniques may be used for eye tracking. Eye tracking mechanism 265 may track
one or both eyes.

[0032] Environmental feedback system 275 utilizes sensors to obtain data
from the external environment. For example, the environmental feedback system
275 may identify the position of a wall, or window, or other targeted location or
object, so data displayed by display subsystem 205 can have a virtual object
distance appropriate for that target location. The environmental feedback system
275 may be a range sensor, camera, or other system.

[0033] Content data-based focal point selection 280 enables the system to
selectively choose a virtual object distance, based on what is being displayed. For
example, the system may selectively choose a portion of the image for focus.

[0034] User input systems 285 enable focus selection based on head
tracking, gestures, voice control, and other types of feedback or input systems.
Such user input systems 285 may include video game controllers, microphones,
cameras, inertial measurement sensors, and other sensors for detecting user input.

[0035] In one embodiment, biometric systems 270 may also be used to
detect the user’s state, including the user’s identity, emotional state, etc. In one
embodiment, the biometric system 270 may be used to detect the user’s vision
correction, and provide adjustment based on the vision correction.

[0036] Other control data 287 may also be provided to the system. Any of
this data from auxiliary data system 260 may be used to adjust the virtual object

distance of one or more image elements. In one embodiment, in addition to auxiliary
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data system 260, the system may additionally accept manual adjustment 262. In
one embodiment, the manual adjustment may be used to correct for the user’s
optical issues, which sets a baseline for the user. In one embodiment, the manual
adjustment is stored so that a user may have a customized setting, which may be
beneficial if the near-eye display system is shared.

[0037] In one embodiment, the near-eye display 200 may provide depth
blending. In one embodiment, the system 200 enables depth blending between the
focal lengths created using the modulation stack 230. Depth blending uses
weighting of pixel values between adjacent planes, in one embodiment. This creates
an appearance of continuous depth. In one embodiment, the weighting may be
linear weighting. In one embodiment, nonlinear optimization techniques may be
used. In one embodiment, the image source 210 adjusts the pixel values output, to
create such depth blending.

[0038] Figure 2B is a block diagram of one embodiment of a projection
assembly 290. The projection assembly 290, in one embodiment, includes a
plurality of digital light path length modulators (293, 295) as well as a plurality of
intermediate optics elements (292, 294, 296, 297) together forming a greater
modulation stack 291. In one embodiment, the projection assembly in a real system
may include 6-30 elements which include lenses, mirrors, apertures, and the like,
referred to as intermediate optics. In one embodiment, the intermediate optics may
be interspersed with the digital light path length modulators. In one embodiment,
they may be positioned before and/or after the set of digital light path length
modulators. In one embodiment, polarization filter 299 may be positioned before

299A or after 299B in the greater modulation stack 291.
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[0039] In one embodiment, the projection assembly 290 may correct for
chromatic aberration and other irregularities of optical systems.

[0040] Figures 3A and 3B are diagrams of one embodiment of a near-eye
display (NED) system including a modulation stack. The light modulator 310 outputs
polarized light, both state 1 and state 2 polarized light, in one embodiment.
Polarizing filter 320 removes the state 1 polarized light, and passes through state 2
polarized light only.

[0041] The modulation stack 355 includes one or more digital light path
length modulators 350. For simplicity the illustration here includes a single digital
light path length modulator 350. The digital light path modulator 350 includes a
polarization modulator 330, which can rotate the polarization of light, and an optical
light path extender (OPLE) 340 which selectively extends the light path length, based
on the polarization of the light.

[0042] The polarization modulator 330 in Figure 3A is “off,” leaving the
state 2 polarized light to pass through. In this context, the term “on” refers to a
setting in which the polarization modulator 330 alters the polarization of light, while
the term “off” refers to the setting in which the polarization modulator 330 does not
alter the polarization of light.

[0043] The OPLE 340 has a plurality of polarization sensitive reflective
elements, which reflect state 1 polarized light, while passing through state 2
polarized light. Here, state 2 polarized light is transmitted straight through. The
output in one embodiment is transmitted to near-eye display (NED) projection optics
360. Though it is not shown, additional optical elements may be included in this

system, including lenses, correction systems, etc.
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[0044] Figure 3B is a diagram of the near-eye display system of Figure 3A
with the polarization modulator “on.” Here, again, the polarizing filter passes only
state 2 polarized light. However, here, the polarization modulator 330 modulates the
light, and outputs state 1 polarized light. The state 1 polarized light is reflected by
the polarization sensitive reflective elements of OPLE 340. Thus, this light goes
through a longer light path than the light with state 2 polarization, which is passed
through without reflection.

[0045] A comparison of Figures 3A and 3B shows that the state 1
polarized light has a longer light path than the state 2 polarized light. In this way, a
digital light path length modulator 350 can change the light path length. While only a
single digital light path length modulator 350 is shown here, a plurality of digital light
path length modulators 350 may be stacked to provide a larger number of light path
lengths.

[0046] Figures 3A and 3B show a time sequential embodiment, in which all
of the light entering the digital light path length modulator 350 has one polarization,
and is either modulated or not modulated by polarization modulator 330. In this
example, the system switches between the states shown in Figures 3A and 3B, in
time. The polarization modulator 330 may selectively modulate the polarization of a
subset of the light, in one embodiment. In one embodiment, modulation may be
based on location, time, color, wavelength, and optionally other differentiable factors.

[0047] Figure 3C illustrates one embodiment of a simple optical system to
show a relationship between a focal length and conjugate ratio. The conjugate ratio
is the ratio of object distance o to image distance |, along the principal axis of a lens

or mirror. For an object at the focal point of a lens, the conjugate ratio is infinite. A
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combination of the focal length and conjugate ratio determines the virtual object
distance of an image.

[0048] Figure 4 illustrates one embodiment of a modulation stack 400
including three digital light path length modulators. Each of the digital light path
length modulators 410, 430, 450 includes a polarization modulator and an OPLE. In
this example, two of the OPLEs 420, 440 are self-aligned OPLEs.

[0049] Self-aligned OPLEs include two plates that adjust the spatial shift of
the reflected light. The self-aligned OPLE 420 can be used to spatially realign the
reflected and passed-through light. In one embodiment, the two plates are matched.
In one embodiment, they may be matched by having the same thickness, t2, and
mirror image polarization sensitive reflective elements. In one embodiment, two
plates may be matched by having the spatial shift created by one of the plates with a
particular thickness, and angle of the polarization sensitive reflective elements be
matched by a second plate with a different thickness and/or angles, which is
designed to provide a matching spatial shift. In one embodiment, the base material
of the OPLE may change as well, with the materials having a different index of
refraction, bifringence, and other properties.

[0050] In various embodiments, one or more of the following variations
may be made: the material used to make the OPLE, effective thickness of the
OPLEs may vary, as may the angles of the polarization sensitive reflective elements.
The effective thickness of the OPLE is defined as the cumulative thickness of the
one or more plates which make up the OPLE. Thus the effective thickness of OPLE
440 is different than the thickness of OPLE 460, even though the individual plates in

the two OPLEs 440, 460 are identical.
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[0051] With the shown set of three different OPLEs, the system can create

up to eight (2°) virtual object distances by selectively modulating the polarization, as

follows:
OPLE 1 OPLE 2 OPLE 3
State 1 State 1 State 1
State 1 State 1 State 2
State 1 State 2 State 1
State 1 State 2 State 2
State 2 State 1 State 1
State 2 State 1 State 2
State 2 State 2 State 1
State 2 State 2 State 2

[0052] Figure 5A illustrates one embodiment of the effect of using an
OPLE 510, with a light source for non-reflected light. The light source is real source
530. As can be seen, in this example, for state 2 polarized light which is not
reflected by the polarization sensitive reflective elements, the real light source 530
and the “virtual” or perceived light source are in the same position. This figure
additionally shows that for a real light source 530, light travels in a cone, rather than
a straight light as is usually illustrated for simplicity.

[0053] Figure 5B illustrates one embodiment of the effect of using the
OPLE 510 of Figure 5A, with a light source for reflected light. In this illustration, state
1 polarized light is reflected. Thus, the user’'s perceived “virtual light source” 540 is
spatially shifted from the real light source 530. The lengthening of the light path
shifts the virtual source vertically, while the movement of the light caused by the
bounce shifts the apparent light source horizontally. In the example shown, the
virtual light source is shifted to the right and back. The virtual rays show that the

user’s perception tracks back the light, to perceive the virtual source.
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[0054] Figure 5C illustrates one embodiment of the effect of using a self-
aligned OPLE 550, with a light source, for reflected light. As can be seen, by using
the self-aligned OPLE 550, the virtual light source 540 appears to be further away
(e.g. lengthening the virtual object distance) from the real source 580, but not shifted
in position. Although the self-aligned OPLE 550 shown in Figure 5C has no gap
between the plates, a gap, including a gap with additional optical elements, could
continue to provide this self-alignment feature. Furthermore, while the two plates in
the shown self-aligned OPLE 550 are matched, they need not have an identical
thickness or angle for the polarization sensitive reflective elements, as discussed
above.

[0055] Figure 5D shows the effect of light extension, on a perceived image.
The illustration shows three degrees of light extension side by side, for comparison.
The first one passes the light without any lengthening, so the image is perceived at
the focal plane of the display. The second one lengthens the light path, which causes
the user to perceive the image at a different focal plane. The third one lengthens the
light path further, which causes the user to perceive a virtual image at a third focal
plane. Thus, by controlling the length of the light extension, a system can create
virtual images and image elements at various focal points. Using the digital light
path length modulator, the system can adjust the light path digitally, and selectively
position virtual images at various virtual object distances.

[0056] Figure 5E illustrates one embodiment of the capability of displaying
a single frame including image elements at a plurality of virtual object distances. In
this example, the stick figure in focal plane 1 599A and the tree in focal plane 2 599B

are perceived at different virtual object distances, though they are part of the same
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image frame. This can be done on a time sequential basis or on a per pixel basis, as
will be discussed in more detail below.

[0057] Figure 6 is a flowchart of one embodiment of using the near-eye
display system including multiple focal planes. The process starts at block 610.

[0058] Atblock 615, a plurality of image elements are identified. In one
embodiment, the image includes at least two elements. In another embodiment, any
particular frame or image may include only a single image element.

[0059] At block 620, the preferred virtual object distance is determined for
each of the plurality of image elements. The virtual object distance is the perceived
focal length of the image element to the user. The virtual object distance is defined
by the focal length and conjugate ratio.

[0060] At block 630, one or more of the image elements are associated
with one or more target virtual object distances.

[0061] At block 635, the appropriate light path lengths are created, using
the modulation stack, as described above, for the selected virtual object distance. In
one embodiment, the modulation may be time-based and/or pixel-based.

[0062] At block 640, the input is adjusted to correct for any artifacts
created by the modulation stack. As noted above, the modulation stack may create
lateral movement that is not intended. The digital correction system may adjust the
light source to correct for such effects.

[0063] At block 650, the NED display system is used to display the image
elements at a plurality of positions. The process then ends. In a real system, the
process is continuous, as long as the NED is being used, with each frame, or sub-

portion of a frame processed as described above.
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[0064] Figure 7 is a flowchart of one embodiment of using the near-eye
display system with spatial adjustments of light path length. Spatial adjustment in
this context means that the virtual object distances are adjusted on a per pixel basis.
Though the term “per pixel” is used, this does not necessarily refer to a pixel being a
particular size, and the modulation may be on a per “zone” basis, where the zone is
a portion of the frame being displayed. For some frames, the zone may be the entire
frame. The size of the zone that is adjusted may range from a 1 pixel by 1 pixel area
to a much larger area, including the entirety of a frame. However, within a single
frame passed through, the system may create multiple virtual object distances. The
process starts at block 710.

[0065] At block 720, polarized light with both types of polarization is
received. In one embodiment, this is S-type polarization and P-type polarization.

[0066] At block 730, polarization is set on a per pixel basis, using the
polarization modulator. This means, utilizing the OPLE discussed above, that on a
per-pixel basis the light takes the longer or shorter path.

[0067] At block 740, the light is passed through the modulation stack. As
noted above, the polarization of some or all of the light may change multiple times as
it passes through the modulation stack. This adjusts the light path length for the
light, on a per pixel basis.

[0068] At block 750, the NED display system displays the image at the
plurality of virtual object distances. The process then ends at block 770. As noted
above, in a real system, the process is continuous, as long as the NED is being
used, with each frame processed as described above.

[0069] Figure 8 is a flowchart of one embodiment of using the near-eye

display system with time sequential adjustments of light path length. Time
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sequential adjustment utilizes the rapid display of a plurality of subframes, each
subframe including one or more image elements at a particular virtual object
distance. The plurality of subframes create a single perceived frame, with a plurality
of image elements at a plurality of virtual distances. The process starts at block 810.

[0070] Atblock 820, a subframe is selected, with a particular polarization.
In one embodiment, a subframe defines the image elements at a particular virtual
object distance. In one embodiment, a polarization filter is used. In one
embodiment, a single visual frame is made up of one or more subframes, where
each subframe represents a virtual object distance.

[0071] Atblock 830, polarization is modulated for the subframe.
Polarization is modulated for the entire subframe, using the polarization modulator.

[0072] At block 840, the subframe is passed through the modulation stack.
The length of the light path can be set by altering the polarization using the
polarization modulators between the OPLEs for the whole subframe, as it passes
through the modulation stack.

[0073] Atblock 850, the subframe is displayed at a particular virtual object
distance, based on the passage of the light through the modulation stack.

[0074] At block 860, the process determines whether there are any more
subframes that are part of this frame. If so, the process returns to block 820 to
select the next subframe to add to the image. The subframes are displayed in a way
that enables the perception of the sequence of subframes as a single frame,
including multiple virtual object distances. The process then ends at block 870. As
noted above, in a real system, the process is continuous, as long as the NED is

being used, with each subframe processed as described above.
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[0075] Figure 9 is a flowchart of one embodiment of using the near-eye
display system with variable adjustment of light path length, based on auxiliary data.
The process starts at block 910.

[0076] Atblock 920, auxiliary data is received. Auxiliary data may include
eye tracking data (showing the user’'s current gaze vector), environmental sensors
(identifying a position of a wall or other surface for the image), key object
identification (selecting a key object to be in the focal plane for the user), user input,
and other external factors which may alter the selection of the virtual object distance
for an image element or subframe.

[0077] At block 930, the virtual object distance for one or more image
elements is identified, based on the auxiliary data. This may be where the user is
looking, or where the system wants the user to look, for example the location of an
external object which is a proper focus for an image for an augmented reality type
display.

[0078] At block 940, the image element is displayed at the designated
virtual object distance. This is done by passing the image elements through the
modulation stack, and adjusting the light path length to place the image element at
the desired virtual object distance.

[0079] The process then ends at block 950. As noted above, in a real
system, the process is continuous, as long as the NED is being used.

[0080] Figure 10 is a flowchart of one embodiment of using dynamic focal
planes using eye tracking for feedback. The process starts at block 1010.

[0081] Atblock 1015, a plurality of image elements are displayed at

various focal planes. At block 1020, the user’'s gaze vector is identified. Gaze vector
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is the direction and angle of the gaze of the user. This is one type of output of an
eye tracking system.

[0082] At block 1030, the process determines whether the display needs
diopter adjustment. In one embodiment, this may be done based on user input, or
calibration with the user. If so, at block 1035, the virtual object distances are
adjusted, using the modulation stack, without the use of moving parts. In one
embodiment, the process may use controlled diopter steps for adjustment.

[0083] Atblock 1040, the process determines whether the user’s gaze
vector is directed at the “wrong” location. Wrong in this context means that the gaze
vector indicates that the user’s point of focus is not on the portion of the frame that
he or she is meant to be focused on. This may be determined based on eye
tracking, or other auxiliary information. If so, at block 1045 the virtual object
distances, and locations optionally, of one or more image elements are adjusted. As
noted above, this may be done by adjusting the modulation stack, so that those
image elements are placed in a different focal plane.

[0084] Atblock 1050, the process determines whether the focal point is to
be altered, based on auxiliary information. If so, at block 1055, the system
selectively focuses or blurs image portions. This may be done by actually blurring,
or by placing the “blurred” portions into a different image plane, which is further from
the user’s focus to effectively blur the element.

[0085] The process then ends at block 1060. As noted above, in a real
system, the process is continuous, as long as the NED is being used. Additionally,
while a flowchart format is used for this Figure, the individual elements need not be
in any particular order, and the system can function equally well with a subset of

these potential adjustments.
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[0086] In this way, a near-eye display system provides a highly adjustable
multi-focus display, using a modulation stack. Because the light path length is
digitally controlled using the polarization modulator, the change in the virtual object
distance may be accomplished extremely quickly. This also enables the system to
use time-based alteration of the focal plane, through the same modulation stack.
Alternatively, the system may use pixel-based selection of focal length, or variable
focal length. This system may be used in near-eye display systems ranging from the
headphone configured display system shown in Figure 1, to camera view finders,
rifle scopes, binoculars, and any other near-eye display type systems.

[0087] In the foregoing specification, the invention has been described with
reference to specific exemplary embodiments thereof. It will, however, be evident
that various modifications and changes may be made thereto without departing from
the broader spirit and scope of the invention as set forth in the appended claims.
The specification and drawings are, accordingly, to be regarded in an illustrative

rather than a restrictive sense.
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CLAIMS
We claim:
1. A near-eye display system to display an image to a user comprising:

an image source to provide light;
a modulation stack comprising one or more digital light path length
modulators, a digital light path length modulator comprising:
a polarization modulator to receive light and to selectively
modulate a polarization of the light; and
an optical path length extender (OPLE) to direct the light having
a first polarization through a first light path through the OPLE, and to
direct the light having a second polarization through a second light path
through the OPLE, the first and second light paths having different light
path lengths; and
an imaging assembly to create a plurality of image portions at a plurality of
virtual object distances, from the light output by the modulation stack, wherein a
number of perceived virtual object distances depends on the number of the one or

more digital light path length modulators.

2. The near-eye display system of claim 1, wherein the modulation stack

adjusts the path length of the light by altering the polarization of the light between the

one or more digital light path length modulators.

3. The near-eye display system of claim 2, further comprising:
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the image source to adjust pixel values of pixels in adjacent planes, to provide

depth blending between the adjacent planes created by the modulation stack.

4. The near-eye display system of claim 1, wherein a farthest virtual
object distance is infinity, and the image portions are moved to different virtual object

distances.

5. The near-eye display system of claim 1, wherein the polarization
modulator alters the path length of the light on a time sequential basis, creating a
time sequential series of subframes at a plurality of virtual object distances, to create

a discretized multi-focal light display.

6. The near-eye display system of claim 1, wherein the polarization
modulator alters the path length of the light on a per pixel basis, to create a plurality

of simultaneous image elements at a plurality of virtual object distances.

7. The near-eye display system of claim 1, further comprising:

an eye tracking mechanism to track the user’s eye; and

the near-eye display system to automatically adjust the light path length to
place a selected image portion at a determined virtual object distance, based on the

data from the eye tracking mechanism.

8. The near-eye display system of claim 7, further comprising:

a focal point selector to select an image portion and selectively focus or blur

image elements outside the selected image portion.
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9. The near-eye display system of claim 1, further comprising:

binocular elements for a second eye of the user,

the near-eye display system providing a binocular display, the binocular
display providing both focus and vergence distance cues to create a realistic three

dimensional image.

10.  The near-eye display system of claim 1, wherein the plurality of virtual
object distances are created based on one or more of: per pixel adjustment of the
light path length, time sequential adjustment of the light path length, and variable

adjustment of the light path length.

11.  The near-eye display system of claim 1, wherein the image source
comprises one or more of: a light source and a digital correction system, and an

external image source.

12. A near-eye display system to display an image to a user comprising:

an image source to provide light; and

a modulation stack to output light via a first light path and a second light path,
the first light path and the second light path having different light path lengths, the
light path lengths modulated by a digital signal,

an imaging assembly to display a plurality of image portions at a plurality of

virtual object distances, from the light output by the modulation stack.
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13.  The near-eye display system of claim 12, wherein the adjusting of the
light path length enables adjustment in controlled diopter steps, without moving

parts.

14.  The near-eye display system of claim 12, wherein the modulation stack
adjusts the light path length utilizing one or more digital light path length modulators,
each digital light path length modulator including an optical path length extender

(OPLE).

15.  The near-eye display system of claim 14, further comprising:

each of the digital light path length modulators comprising a polarization
modulator, the polarization modulator being digitally controlled, and enabling a
change of focus, based on adjusting the virtual object distances of the image

portions in biological real time.

16.  The near-eye display system of claim 12, further comprising:

an eye tracking mechanism to track a user’s eye; and

the near-eye display system to automatically adjust the light path lengths to
place a selected image portion in focus, based on data from the eye tracking

mechanism.

17.  The near-eye display system of claim 12, wherein the system creates a

time series of virtual object distances, to create a multi-focal display.

18.  The near-eye display system of claim 17, wherein images are
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collocated for image data presented to each eye of the user, to create a three

dimensional image.

19.  The near-eye display system of claim 12, further comprising:
a focal point selector to select an image portion and selectively focus or blur

image portions outside the selected image portion.

20. The near-eye display system of claim 12, wherein the image source
outputs a video, and the plurality of image portions are parts of one or more frames

of the video.

21.  The near-eye display system of claim 12, wherein the image source
comprises one of: a virtual reality digital display, a reality-based real display, and an

augmented reality display mixing the digital display and the real display.

22. The near-eye display system of claim 12, wherein the near-eye display
system comprises one of: a virtual reality headset, an augmented reality headset, a
camera, a microscope a display, focal assist in the microscope, a telescope, a digital

scope, a medical display system, a rifle scope, and a range finder.

23. A near-eye display system comprising:

a first display subsystem comprising:

a first image source to provide light; and
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a first modulation stack comprising a plurality of digital light path length
modulators, each of the digital light path length modulators
comprising:

a digitally controlled polarization modulator to receive polarized light
and to selectively modulate a polarization of the light; and

an optical path length extender (OPLE) to direct the light having a first
polarization through a first light path through the OPLE, and to
direct the light having a second polarization through a second
light path through the OPLE, the first and second light paths
having different light path lengths;

a first imaging assembly to create a plurality of image portions at a
plurality of focal lengths for display to a first eye of the user, from
the light output by the modulation stack;

a binocular elements display subsystem to provide binocular elements, the

second display subsystem providing a second plurality of image portions at the

plurality of focal lengths for display to a second eye;

an auxiliary data system to receive external data and use the external data to

adjust the virtual object distance of one or more image elements;

the near-eye display system providing a binocular display providing both focus

and vergence distance cues to create a realistic three dimensional image.

24. A near-eye display system to display an image to a user comprising:

an image source to provide light;
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a modulation stack to output light via a first light path and a second light path,
the first light path and the second light path having different light path lengths, the
light path lengths altered on a time sequential basis; and

an imaging assembly to display a plurality of subframes from the modulation
stack received on the time sequential basis to create a perceived single frame

having depth.

25. A near-eye display system to display an image to a user comprising:

an image source to provide light;

a modulation stack to output light via a first light path and a second light path,
the first light path and the second light path having different light path lengths, the
light path lengths altered on a per pixel basis; and

an imaging assembly to display image portions created on the per pixel basis
to display images at a plurality of focal lengths, wherein a number of focal lengths

corresponds to a number of the one or more digital light path length modulators.

26. A near-eye display system to display an image to a user comprising:

an image source to provide light;

an eye tracking mechanism to track a target of the user’s eye;

a modulation stack to output light via a first light path and a second light path,
the first light path and the second light path having different light path lengths; and

an imaging assembly to display image portions at one or more automatically
selected focal lengths to place a selected image portion in focus, based on input

from the eye tracking mechanism.
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