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Description

Title of Invention: HEAD-MOUNTED DISPLAY APPARATUS,
AND METHOD THEREOF FOR GENERATING 3D IMAGE IN-
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[4]

FORMATION
Technical Field

Example embodiments of the present disclosure relate to three-dimensional (3D)
display apparatus, in particular to a head-mounted display apparatus, and a method

thereof for generating 3D image information.

Background Art

Virtual Reality (VR) technology, being a computer simulation system capable of
creating and experiencing virtual world, uses computers to generate a simulated en-
vironment and enable a user being immersed into the environment, and the VR
technology is a technology capable of supplying interactive-mode 3D dynamic scene
of multiple-source information combination and entity behavioral system simulation.
In the current VR system, Binocular Stereo Vision (BSV) is a key element for re-
alization of 3D scene. Images, seen by two eyes of a user being different, are generated
respectively and displayed on the different display screens; since the images enter the
left eye and right eye of a user as required, image parallax can be detected by the user,
and thereby depth information of scene could be perceived.

Augmented Reality (AR) is a technology, by which virtual objects can be su-
perimposed in a real scene and virtual information can be applied to a real world, so
that the real scene and the virtual objects are superimposed into one image or space in
real time and can be viewed by an observer, thereby enabling immersive augmented
reality experiences.

A head-mounted display (HMD) is an apparatus configured to display VR and AR.
However, in the current technology for HMD depth perception may still be realized by
binocular stereoscopic effect, which cannot resolve a tradeoff between eyes focus ac-
commodation and convergence, which may cause fatigue and vertigo to a user after
extended-wear, and the resolution of a display may be uniform within the entire view
area, and thus resolution of an area that may be viewed by a user's eyes may be the
same with that of another area that may not be viewed by a user's eyes, but perception
resolution of the area that may be viewed by a user's eyes is not uniform with that of
another area that may not viewed by a user's eyes, so the current uniform resolution of
a display may not provide the best of visual characteristic according to a user's eyes. In
some related technologies, a transmission-type hologram screen is introduced into an

HMD apparatus. However, the transmission-type hologram screen may still adopt
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stereo 3D display or multi-views 3D display, and only partially adopt a holographic
element, resulting in a transmission-type hologram screen not capable of providing
holographic display and resolving the tradeoff between binocular focusing and con-
vergence, and not capable of providing the best of visual characteristics according to a
user's eyes to improve performance and efficiency of an HMD apparatus.

Disclosure of Invention

Technical Problem
One or more example embodiments provide an HMD apparatus, and provide a

method and device for generating 3D image information.

Solution to Problem

According to an aspect of an example embodiment, there is provided a head-mounted
display (HMD) apparatus including a light modulator configured to perform integral
imaging on an image output from a two-dimensional (2D) display panel to form a light
field image, and an eye lens configured to magnify the light field image formed by the
light modulator.

The HMD apparatus may further include a light screen configured to project a light
field image to a left eye and not to a right eye, and project a light field image to a right
eye and not to a left eye, wherein the light screen is provided between the light
modulator and the eye lens.

The HMD apparatus may further include filtering light rays in view areas other than
those in a main view area by an aperture included in the HMD apparatus, wherein the
aperture is provided between the light modulator and the eye lens.

The HMD apparatus may further include at least one processor configured to execute
processor-executable instructions to acquire parameter information of the HMD
apparatus, and generate, based on the parameter information acquired, 3D image in-
formation of the HMD apparatus.

The HMD apparatus may further include a first distance adjustment unit configured
to adjust distance between an eye lens corresponding to a left eye and an eye lens cor-
responding to a right eye on the HMD apparatus, to correspond to a distance between a
pupil of the left eye and a pupil of the right eye of a user, a second distance adjustment
unit configured to adjust distance between an eye lens and the light modulator on the
HMD apparatus, to corresponds to an eyesight of the user, a locating unit configured to
determine a location of the pupil of the left and right eye of the user with respect to the
HMD apparatus, so the location of the pupil of the left eye and the right eye of the user
are included within the main view area by adjusting a location of the main view area,
and an error storage configured to store an error value corresponding to a parameter in-

formation of the HMD apparatus.
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The HMD apparatus may further include the 2D display panel configured to output
an image, wherein when the 2D display panel is configured with uniform resolution,
the light modulator is configured with uniformly distributed dot pitch, and wherein
when the 2D display panel is configured with non-uniform resolution, the light
modulator is configured with non-uniformly distributed dot pitch.

The light modulator a micro lens array or a pinhole array.

The at least one processor may be further configured to determine the parameter in-
formation of the HMD apparatus based on first parameters preset by the HMD
apparatus, and acquire the determined parameter information of the HMD apparatus.

The at least one processor may be further configured to determine the parameter in-
formation of the HMD apparatus based on third parameters calibrated based on second
parameters computed from the first parameters and error values corresponding to the
second parameters.

The first parameters may include at least one from among a distance between the 2D
display panel and the eye lens, a distance between a virtual 2D display panel and the
eye lens, a diameter of the eye lens, a width of the virtual 2D display panel, a number
of pixels corresponding to an eye lens, and a pixel pitch of the 2D display panel.

The parameter information of the HMD apparatus may include at least one from
among a magnification factor of the 2D display panel, a focal distance of the eye lens,
a dot pitch of a virtual light modulator, a distance between the eye lens and a vertex of
the main view area, view angle of the main view area, a distance between a virtual 2D
display panel and a virtual light modulator, a distance between a light modulator and
the eye lens, a distance between the light modulator and the 2D display panel, a magni-
fication factor of the light modulator, and a dot pitch of the light modulator.

According to an aspect of another example embodiment, there is provided a method
for generating 3D image information by a head-mounted display (HMD) apparatus, the
method may include acquiring parameter information of the HMD apparatus based on
first parameters preset by the HMD apparatus, and generating, according to the
parameter information acquired, 3D image information of the HMD apparatus;
performing integral imaging on an image output from a 2D display panel to form a
light field image by a light modulator included in the HMD apparatus; and magnifying
the light field image formed by the light modulator by an eye lens included in the
HMD apparatus.

The method may further include projecting a light field image to a left eye and not to
a right eye, and projecting a light field image to a right eye and not to a left eye by a
light screen included in the HMD apparatus, wherein the light screen is provided
between the light modulator and the eye lens.

The method may further include an aperture configured to filter light rays in view
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areas other than those in a main view area, wherein the aperture is provided between

the light modulator and the eye lens.
The method may further include adjusting a distance between an eye lens corre-

sponding to a left eye and an eye lens corresponding to a right eye on the HMD
apparatus to correspond to a distance between a pupil of the left eye and a pupil of the
right eye of a user, adjusting a distance between an eye lens and a light modulator
included in the HMD apparatus to correspond to an eyesight of a user, determining a
location of the pupil of the left eye and right eye of the user with respect to the HMD
apparatus to include the location of the pupil of the left eye and the right eye of the
user within the main view area by adjusting a location of the main view area, and
storing an error value corresponding to the parameter information of the HMD
apparatus.

The method may further include outputting an image by the 2D display panel,
wherein when the 2D display panel is configured with uniform resolution, the light
modulator is configured with uniformly distributed dot pitch, and wherein when the 2D
display panel is configured with non-uniform resolution, the light modulator is
configured with non-uniformly distributed dot pitch.

The light modulator may be a micro lens array or a pinhole array.

The acquiring parameter information of the HMD apparatus may include determining
the parameter information of the HMD apparatus based on first parameters preset by
the HMD apparatus, and acquiring the determined parameter information of the HMD
apparatus.

The first parameters may include at least one from among a distance between the 2D
display panel and the eye lens, a distance between a virtual 2D display panel and the
eye lens, a diameter of the eye lens, a width of the virtual 2D display panel, a number
of pixels covered by the eye lens, and a pixel pitch of the 2D display panel.

The parameter information of the HMD apparatus may include at least one from
among a magnification factor of the 2D display panel, a focal distance of the eye lens,
a dot pitch of a virtual light modulator, a distance between the eye lens and a vertex of
the main view area, view angle of the main view area, a distance between a virtual 2D
display panel and a virtual light modulator, a distance between the light modulator and
the eye lens, a distance between the light modulator and the 2D display panel, a magni-
fication of the light modulator, and dot pitch of the light modulator.

Brief Description of Drawings

The above and/or other aspects will become apparent and more readily appreciated

from the following description of example embodiments, taken in conjunction with the

accompanying drawings in which:
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FIG. 1 is a diagram of hardware in an HMD apparatus according to an example em-
bodiment;

FIG. 2 is a diagram of hardware in an HMD apparatus according to an example em-
bodiment;

FIG. 3 is a diagram of hardware in an HMD apparatus according to an example em-
bodiment;

FIG. 4 is a diagram of parameter design of an HMD apparatus according to an
example embodiment;

FIG. 5 is a diagram of displaying a 3D object formed in an HMD apparatus
according to an example embodiment;

FIG. 6 is a flow chart of a method for generating 3D image information in an HMD
apparatus according to an example embodiment;

FIG. 7 is a diagram of a device for generating 3D image information in an HMD
apparatus according to an example embodiment;

FIG. 8 is a diagram of a shape of a view area and a shape of a corresponding
subfigure covered by a micro lens array according to an example embodiment;

FIG. 9 is a diagram of example shapes of subfigures under one micro lens array
according to an example embodiment;

FIG. 10 is a flow chart of a method for generating 3D image information in an HMD
apparatus according to an example embodiment;

FIG. 11 is a diagram of hardware in an HMD apparatus according to an example em-
bodiment;

FIG. 12 is a graph showing resolution of human eyes based on view angles according
to an example embodiment;

FIG. 13 is an example light field display with non-uniform resolution composed of a
2D display panel with non-uniform resolution and a micro lens array according to an
example embodiment;

FIG. 14 is a diagram of generating 3D image information of a light field display with
non-uniform resolution according to an example embodiment;

FIG. 15 is a graph of the resolution smooth transition of a light field display with
non-uniform resolution according to an example embodiment;

FIG. 16 is an example diagram illustrating a result of resolution smooth transition of
a light field display with non-uniform resolution according to an example embodiment;
and

FIG. 17 is an example diagram illustrating a configuration of a computer system for
implementing a method for generating 3D image information according to an example

embodiment.
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Mode for the Invention

Example embodiments of the present disclosure will be described in detail
hereinafter. The examples embodiments have been illustrated in the accompanying
drawings throughout which same or similar reference numerals refer to same or similar
elements or elements having same or similar functions. The example embodiments
described with reference to the accompanying drawings are illustrative, merely used
for explaining the present disclosure and should not be regarded as any limitations
thereto.

It can be understood by those skilled in the art, as used herein, the singular forms "a",
"an" and "the" are intended to include the plural forms as well, unless expressly stated
otherwise. It will be further understood that the terms such as "comprising"” and
"including" when used in this specification, specify the presence of stated features,
integers, steps, operations, elements, and/or components, but do not preclude the
presence or addition of one or more other features, integers, steps, operations,
elements, components, and/or groups thereof. It will be understood that when an
element is referred to as being "connected” or "coupled” to another element, it can be
directly connected or coupled to the other element or intervening elements may be
present. Furthermore, "connected"” or "coupled" as used herein may include wirelessly
connected or coupled. As used herein, the term "and/or" includes any and all com-
binations of one or more of the associated listed items.

The expressions, such as ?at least one of? or ?at least one from among? when
preceding a list of elements, modify the entire list of elements and do not modify the
individual elements of the list. For example, "at least one from among a, b, and ¢,"
should be understood as including only a, only b, only c, both a and b, both a and c,
both b and c, or all of a, b, and c.

It can be understood by those skilled in the art, unless otherwise defined, all terms
used herein have the same meaning as commonly understood by one of ordinary skill
in the art to which this disclosure belongs. It will be further understood that terms, such
as those defined in commonly used dictionaries, should be interpreted as having a
meaning that is consistent with their meaning in the context of the relevant art and will
not be interpreted in an idealized or overly formal sense unless expressly so defined
herein.

A head-mounted display apparatus includes a head-mounted display (HMD)
configured to operate by magnifying an image on a display screen by a set of optical
systems, such as precision optical lens, projecting the image onto a retina in an eye of a
user, which allows a larger image to be present in the eyes of the user, to realize
different effects, for example, VR, AR and Mixed Reality (MR).
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According to an example embodiment, as shown in FIG. 1, an HMD apparatus may
include a light modulator and an eye lens. The light modulator may be called as a light
modulation unit. The light modulator may be configured to perform integral imaging
on an image output from a 2D display panel, to form a light field image, and the eye
lenses may be configured to magnify the light field image formed by the light
modulator. The HMD apparatus may further include a 2D display panel. In the HMD
apparatus, the 2D display panel can have uniform resolution or non-uniform resolution,
while the light modulator can have a uniformly distributed dot pitch or a non-
uniformly distributed dot pitch.

According to an example embodiment, as shown in FIG. 2, the HMD apparatus may
include a light screen being disposed between a light modulator and an eye lens. The
light screen may be configured to enable a light ray expressing a 3D virtual image to
be projected according to its predesigned route, to avoid or reduce causing crosstalk
during a process of being projected to human eyes. For example, a light field image
that should be projected to a left eye is only be projected to the left eye, but not
projected to a right eye, and similarly, a light field that should be projected to a right
eye is only projected to a right eye, but not projected to a left eye, wherein, the image
being projected to human eyes through the light modulator is the light field image.
When view areas of human eyes have overlapped areas, which may cause interference
to human view and influence display of 3D effect. The light screen enable the
overlapped areas that formed on the display panel due to the interference obstructed,
The light screen ensures an optimal image quality within the view areas of human
eyes. In addition, the light screen is disposed at a right angle to the light modulator,
that is, the plane that the light screen locates is at a right angle to the plane that the
light modulator locates.

According to an example embodiment, as shown in FIG. 3, an aperture may be
further included in the HMD apparatus. The aperture may be disposed between a light
modulator and the an eye lens, and may be a barrier with a hole arranged by an edge, a
frame of an optical element in optical components, or a barrier with a hole specifically
arranged in the optical components. The size of the aperture may be decided by a lens
frame or other metal frames. The aperture is configured to filter light rays in view areas
other than those in a main view area. The main view area may be determined by the 2D
display panel and the light modulator together, and the image character in the main
view area may include sufficient light rays and clearer images.

Contents displayed by the 2D display panel may be formed as a 3D virtual image by
integral imaging after passing through the light modulator. A plurality of view areas in
the 3D virtual image, may comprise a main view area and other view areas which are

areas not included in the main view area. The main view area may be referred to as a
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first view area, and the other view area may be referred to as a second view area. If the
main view area and the other view areas are not processed by the aperture, interference
between the main view area and the other view areas may occur, which may de-
teriorate the quality of display of the 3D virtual image that ultimately enters into the
eye lens and is magnified by the eye lens. The aperture may filter other view areas
other than the main view area in the virtual image and only transmit a 3D virtual image
within the main view area to the eye lens, thereby ensuring higher quality of display of
the 3D image. In addition, the center of the aperture may be aligned with the center of
an eye lens.

When installing hardware, the location of the eye lens can be adjusted according to
the location of the aperture, or the location of the aperture can be adjusted according to
the location of the eye lens, to align the center of the aperture and the center of the eye
lens with each other. According to an example embodiment, as shown in FIG. 3, both
the aperture and the light screen may be included in the HMD apparatus. The light
screen is located between the light modulator and the aperture, to ensure that higher
quality 3D virtual image is supplied and unnecessary overlapped areas being viewed
by human eyes are avoided or reduced.

According to an example embodiment, the HMD apparatus may further include a
distance adjustment unit between eye lenses. The distance adjustment unit between eye
lenses may be referred to as a first distance adjustment unit. The first distance ad-
justment unit is configured to adjust distance between an eye lens corresponding to a
left eye and an eye lens corresponding to a right eye in the HMD apparatus, to adapt
the adjusted distance between eye lenses to a pupil distance of a user by the first
distance adjustment unit. The pupil distance is a distance between both pupils of a user.
The first distance adjustment unit between eye lenses can automatically recognize a
left eye and a right eye of a user, and adjusts, according to the recognized result,
distance between an eye lens corresponding to a left eye and an eye lens corresponding
to aright eye in the HMD apparatus. At this time, the eye lens corresponding to the left
eye can be called a left eye lens, and the eye lens corresponding to the right eye can be
called a right eye lens.

According to an example embodiment, the HMD apparatus may include a distance
adjustment unit between an eye lens and a light modulator. The distance adjustment
unit between an eye lens and a light modulator may be referred to as a second distance
adjustment unit. The second distance adjustment unit may be configured to adjust
distance between an eye lens and a light modulator in the HMD apparatus, to adapt the
adjusted distance between the eye lens and the light modulator to correspond to an
eyesight of a user by the second distance adjustment unit.

According to an example embodiment, the HMD apparatus may include a locating
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unit, which may be configured to determine a relative location of a pupil in human
eyes with respect to the HMD apparatus, to locate the pupil of human eyes in a main
view area by adjusting a location of a main view area.

According to an example embodiment, as shown in FIG. 4, the light modulator in the
HMD apparatus may be a micro lens array or a pinhole array. As shown in FIG. 5, to
display an integral image, an image displayed on the 2D display panel is imaged by a
micro lens array and formed as a 3D object light field. By viewing the 3D object light
field through eye lenses, human eyes can perceive a real 3D object. Both the micro
lens array and the pinhole array may guide a specific-location light ray along a specific
direction. The micro lens array and pinhole array can be, for example, a dynamic liquid
crystal lens composed of liquid crystal elements or be a liquid crystal pinhole array
composed of liquid crystal elements. By controlling liquid crystal elements, micro lens
arrays and pinhole arrays of part or whole area may have refraction effects or have no
refraction effects. When the micro lens arrays and the pinhole arrays are adjusted so as
to have no refraction effects, the light is passed through to implement the switching
between a 2D display and a 3D display. Alternatively a display in which a 2D object
and a 3D object are mixed, can be implemented.

According to an example embodiment, the HMD apparatus provided may include an
error storage. The error storage may be configured to store an error value corre-
sponding to parameter information of the HMD apparatus and the eye lens therein.
Optical elements, such as eye lenses in the HMD apparatus, needs to reach a certain
degree of precision to ensure displaying a higher quality image is implemented;.
However, both during a manufacturing process and a using process of an optical
element, differences between actual performance parameter and design parameter of
the optical element may occur. For example, the difference between temperature in
manufacturing an optical element such as an eye lens, and temperature difference in
using an eye lens in different environments may result in differences of performance
parameter of certain optical elements being caused by thermal expansion-contradiction
phenomena based on the different temperatures. When higher-precision is required,
such differences may cause largely different over-all properties. An error storage may
store these errors, for adjustment and calibration of error.

A method for generating 3D image information is provided according to one example
embodiment, as shown in FIG. 6.

A method of generating 3D image information may include acquiring parameter in-
formation of an HMD apparatus and eye lenses therein (S100). The parameter in-
formation of the HMD apparatus may include parameters of the HMD apparatus itself
and parameters of the eye lenses included in the HMD. In addition, the parameter in-

formation of the HMD apparatus may include parameters depending on each or a com-
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bination of an HMD apparatus, a light modulator, an eye lens, a light screen, and an
aperture. Various parameters related to the HMD apparatus , for example, physical
magnitude, focal distance, and other parameters of an eye lens, distance between an
eye lens and a light modulator, and spatial location of an eye lens, may be determined.
The various parameters related to the HMD apparatus may be preset parameters. The
preset parameters related to the eye lenses may influence the determination of other
relevant parameters.

The parameter information of the HMD apparatus and the eye lenses therein are de-
termined based on preset parameters of the HMD apparatus and the eye lenses therein,
where the preset parameters may include distance between a real 2D display panel and
an eye lens, distance between a virtual 2D display panel and an eye lens, diameter of
an eye lens, width of a virtual 2D display panel, number of pixels covered by one eye
lens and pixel pitch of a 2D display panel. However, example embodiments are not
limited thereto.

The parameter information of the HMD apparatus and eye lenses therein determined
by preset parameters may include at least one from among magnification(magnifying
power) of a 2D display panel, focal distance of an eye lens, dot pitch of a virtual light
modulator, distance between an eye lens and a vertex of a main view area, view angle
of a main view area, distance between a virtual 2D display panel and a virtual light
modulator, distance between a real light modulator and an eye lens, distance between a
real light modulator and a real 2D display panel, and magnification of a light
modulator, and dot pitch of a real light modulator.

For example, as shown in FIG. 4, the preset parameters may include distance
between a real 2D display panel and an eye lens U, cp, distance between a virtual 2D
display panel and an eye lens V| cp, diameter of an eye lens A, width of the virtual 2D
display panel W, number of pixels covered by one lens on one micro lens array N, and
pixel pitch of the 2D display panel is P cp.

The parameter information of an HMD apparatus and eye lenses therein may be
computed by the equations below.

A magnification factor M of a 2D display panel is calculated according to equation
(1) below:

M= VLCD/ULCD ............ (1)
A focal distance f of an eye lens is calculated according to equation (2) below.
1 1 | (2)

UL(,'I_) I/LCI) f
A dot pitch VP, of a virtual light modulator is calculated according to equation (3)

below.

V=

Len

SN PRt M 3)
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A distance d between an eye lens and a vertex of a main view area, between a vertex
of an eye lens and a vertex of a main viewing area, where the primary viewing field
forms a taper field, that is, the vertex of the primary viewing field is the vertex of the
taper field, is calculated by equation (4) below.

d=A*Vep/(A+W) -t 4

The main view area forms a conical area, where the vertex of the main view area is
the top of the conical area. A view angle ? of a main view area is calculated by
equation (5) below.

Q=2 arctan(A/2d)) - - (5)

A distance V, between a virtual 2D display panel and a real 2D display panel is

calculated by equation (6) below.

ng\P / (2 * tan(Q/ 2)) ............ (6)

Len
A distance U,, between a real light modulator and an eye lens is calculated by
equation (7) below.

1 1

A distance g between the real light modulator and a real 2D display panel is
calculated by equation (8) below.

g= ULCD _ ULen ............ (8)
A magnification K of the real light modulator is calculated by equation (9) below.
K=V /U, “~"~oneee (9)

A dot pitch of the real light modulator P, ., is calculated by equation (10) below.
PLen =\P / K o (10)

Len

A real light field display may be composed of a real 2D display panel and a light
modulator, a virtual light field display corresponding to the real light field display may
be composed of a virtual 2D display panel and a virtual light modulator. The parameter
information of the HMD apparatus may be calibrated based on the computed parameter
information of an HMD apparatus and eye lenses therein in combination with a corre-
sponding error value of the parameter information, to adapt the HMD apparatus to use
the parameters of real apparatus and maintain a higher quality performance. The preset
parameters of the HMD apparatus may be first parameters, the computed parameters of
the HMD apparatus may be second parameters, and the calibrated parameters of the
HMD apparatus may be third parameters.

The first parameters are preset based on the characteristics of the HMD apparatus

itself, the second parameters are computed from the first parameters by an arithmetic
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operation, and the third parameters corresponding to the second parameters are
calibrated by reflecting the error value.

According to an example embodiment, the method for generating 3D image in-
formation may include generating 3D image information of the HMD apparatus based
on the parameter information of the HMD apparatus, for example, the first parameters,
the second parameters, and the third parameters (S200).

An apparatus for generating 3D image information corresponding to the method
described-above for generating 3D image information may include a computer system
1700 as shown in FIG. 7, which may include an acquisition module 10 configured to
acquire parameter information of an HMD apparatus and eye lenses therein, and a
generating module 20 configured to generate, according to the parameter information,
3D image information of the HMD apparatus. The acquisition module 10 and the
generating module 20 may be included in the at least one processor 1710 as illustrated
in FIG. 17.

According to an example embodiment, an HMD apparatus may have uniform
resolution, as shown in FIG. 3. The HMD apparatus may include at least one from
among a 2D display panel with uniform resolution, a micro lens array with a uniformly
distributed dot pitch, an aperture, or eye lenses.

The 2D display panel can be one display panel including two display area, and each
of two display area may display the image that enters into a left eye of a user or the
image that enters into a right eye of a user. However, example embodiments are not
limited thereto, and the 2D display panel may include two pieces of display panels.
One of two pieces of panels may display the image that enters into left-eye of a user
and the other of the two pieces of display panels may display the image that enters into
right-eye of a user, respectively. The display panel can be fixedly installed on an HMD
apparatus, that is, the HMD apparatus may be integrated with all structure-function
units into one apparatus, without other independent devices. Or, but example em-
bodiments are not limited thereto. The display panel can be a display screen of separate
devices, for example, mobile phone, tablet computer or the like. that is, one or more
dependent mobile device may be used in combination with a different structure-
function units other than all structure-function units above-described. Accordingly,
when the display panel may be a display screen of other apparatus, the apparatus may
include at least one from among a support unit for placement of the other apparatus, a
micro lens array with a uniformly distributed dot pitch, a aperture, and an eye lens. The
2D display panel in the HMD apparatus can also be implemented by a separate
computer, and the image obtained by computation may be transmitted to the 2D
display panel wired or wirelessly.

In an example embodiment, after passing through the micro lens array (light
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modulator), contents displayed by the 2D display panel form integral imaging display,
and the micro lens array processes the contents displayed by the 2D display panel as a
virtual object light field. There are a plurality of view areas in the virtual object light
field transmitted out of the micro lens array. If processed without the micro lens array,
there may be interference between a main view area and other view areas. In an
example embodiment, an aperture may filter view areas other than the main view area,
of the virtual object light field, and may transmit the main view area of the virtual
object light field to the eye lens. The eye lens may then magnify the main view area of
the virtual object light field, and then may transmit the magnified main view area of
the virtual object light field to the eyes of the user, to avoid or reduce interference
occurred by other view areas with respect to the main view area by the aperture, which
may improve the quality of displaying an image.

The aperture may allow light rays of the main view area to pass through while
blocking light rays in other view areas other than the main view area from passing, to
eliminate or reduce interference, and provide a user with 3D display contents of
improved quality. When there is no aperture, light rays entering into a pupil of an eye
may come from two adjacent view areas rather than one view area, which may lead to
appearance of image defect such as a ghost image of the object. Accordingly, the shape
of the aperture should be matched with the shape of the main view area. In an example
embodiment, the location and size of the aperture can be determined by the location
and size of the main view area, and the center of the aperture may be adjusted to be
located at the center of an eye lens. According to an example embodiment, the HMD
apparatus may include a second location unit configured to adjust relative location of
the aperture and the eye lens. In an example embodiment, based on an inclusion of an
eye lens, the shape of a main view area may correspond to a main view area of a
virtual light field display (a real light field display is composed of a 2D display panel
and a light modulator) obtained after magnification of the main view area of a real
light field display by the eye lens.

A shape of a view area may be determined by a shape of a subfigure covered by a
micro lens array. As shown in FIG. 8, the shape of the view area may correspond to the
shape of the subfigure magnified by the micro lens, but the location of the view area is
at the opposite side with respect to the micro lens. Two adjacent subfigures may form
two adjacent view areas, and a view area formed by a subfigure directly below the
micro lens may be a main view area. For a designated micro lens array, as shown in
FIG. 9, there may be a plurality of subfigure arrangement modes. Different subfigure
arrangement modes may form different shapes of main view areas for being applicable
to different application programs. The type of shape of main view area is to be used is

determined according to requirement of different programs. For example, the shape of
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the subfigure in the middle in FIG. 9 may be applicable to an application program
requiring a larger active region in a horizontal direction, and the subfigure on the left in
FIG. 9 may form a sub-circular main view area, because the shape of a pupil of human
eyes is circular, and the arrangement modes of the subfigure may be used for the ap-
plication program according to an example embodiment for an HMD. The shape of the
subfigure on the right in FIG. 9 may be applicable to an application program requiring
a larger active region in a vertical direction.

When view range of a user's eyes has areas that overlap on a display panel, the
overlapped areas may cause interference to a user's view and influence the displaying
of the 3D effect. Accordingly, in an example embodiment, the HMD apparatus may
further include a light screen. As shown in FIG. 3, the light screen may be located
between a micro lens array and an aperture, and the light screen may be configured to
ensure that there is no overlapped areas of view areas of the user's eyes in a display
panel. The light screen may be at a near or equal to a right angle to the plane where the
aperture is located. By arranging a light screen and preventing or reducing any
overlapped areas of view areas of eyes in a display panel, display quality of the HMD
apparatus may be improved.

As a pupil distance of users may be different, in order to improve user adaption of
the apparatus, the HMD apparatus of an example embodiment can further include a
distance adjustment unit between the eye lenses, being configured to adjust distance
between an eye lens corresponding to a left eye and an eye lens corresponding to a
right eye in the HMD apparatus. The distance adjustment unit between eye lenses may
be a first distance adjustment unit. The distance adjustment unit between eye lenses
can perform adjustment on distance between an eye lens corresponding to a left eye
and an eye lens corresponding to a right eye on an HMD apparatus according to an
operation of a user. The distance adjustment unit between eye lenses can further auto-
matically recognize a left eye and a right eye of a user, and according to the recognized
result, adjust the distance between an eye lens corresponding to a left eye and an eye
lens corresponding to a right eye on an HMD apparatus. As the pupil distance of
different users may be different the HMD apparatus including the distance adjustment
unit between eye lenses can adjust eye lens-distance according to distance between a
left eye and a right eye of a user, so the distance between eye lenses corresponds to a
pupil distance of a user, thereby adaptively improving a user's experience..

Moreover, different users may have different eyesight, for example, users may wear
nearsightedness glasses or farsightedness glasses. The HMD apparatus may further
include a distance adjustment unit between an eye lens and a light modulator,
configured to adjust distance between an eye lens and a micro lens array on the HMD

apparatus. The distance adjustment unit between an eye lens and a light modulator may
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be a second distance adjustment unit. With the distance adjustment unit between an eye
lens and a micro lens array, distance between an eye lens and a micro lens array on the
HMD apparatus can be adjusted according to eyesight of a user, to adapt users with
different eyesight, thereby improving user experience for users with different eyesight.

A method for generating 3D image information in an HMD apparatus may be
performed according to parameters among a 2D display panel, a micro lens array, an
aperture and an eye lens.

A storage of an HMD apparatus may store the following preset parameters including:
a distance between a real 2D display panel and an eye lens U, ¢p, a distance between a
virtual 2D display panel and an eye lens V| ¢p, diameter of an eye lens A, a width of a
virtual 2D display panel W, a number of pixels covered by one lens N, and a pixel
pitch of a 2D display panel P, cp.

Additionally, the HMD apparatus may include at least one parameter from among
physical magnitude, focal distance and other parameters of an eye lens, distance
between an eye lens and a light modulator, and spatial location of an eye lens. The
preset parameters of the eye lenses may influence determination of other parameters.
The preset parameters are determined by the HMD apparatus itself. The parameter
related to various optical elements that may be included in the HMD apparatus may be
preset.

Based on the above preset parameter, parameters such as dot pitch of a real micro
lens array and distance between a real micro lens array and a real 2D display panel, can
be computed according to the above questions and following steps. The computed pa-
rameters may be a second parameters. The second parameters may include at least one
from among magnification of a 2D display panel, focal distance of eye lens, dot pitch
of a virtual micro lens array, distance between an eye lens and a vertex of a main view
area, view angle of a main view area, distance between a virtual 2D display panel and a
virtual micro lens array, distance between a real micro lens array and an eye lens,
distance between a real micro lens array and a real 2D display panel, and magnification
and dot pitch of a real micro lens array.

After obtaining the second parameters, the entire optic parameter of a whole HMD
apparatus may be determined by

computing the magnification M=V, cp /U, p of a 2D display panel, and computing a
focal distance f of an eye lens according to equation (1) and equation (2) (Step 1). A
dot pitch VP, = N*P.p*M of a virtual micro lens array may then be calculated
according to equation (3) (Step 2). A distance d = A *V, cp /(A+W) between an eye
lens and a vertex of a main view area may be calculated according to equation (4)
(Step 3), and a visual angle =2 * arctan(A/(2d)) of a main view area may be calculated
according to equation (5) (Step 4). A distance V, = VP, /(2*tan(/2)) between a virtual
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2D display panel and a virtual micro lens array is calculated according to equation (6)
(Step 5), and a distance Uy, between a real micro lens array and an eye lens is
calculated according to equation (7) (Step 6). A distance g=U, ¢p- U, ., between a real
micro lens array and a real 2D display panel is calculated according to equation (8)
(Step 7), a magnification K = V., /U, , of a real micro lens array is calculated
according to equation (9) (Step 8), and a dot pitch P,., = VP,., /K of a real micro lens
array is calculated according to equation (10) (Step 9).

In an example embodiment, as shown in FIG. 8, a 2D display panel area below a
micro lens is formed by arrangement of three rows of sub-pixel dot groups, where the
sub-pixel dot groups related to the micro lens is denoted by a shadow, and distribution
shapes of these sub-pixel dot groups are shown in FIG. 8. The shape of a main view
area obtained by being transmitted out of a micro lens array is identical with those of
sub-pixel arrangement. The location of a vertex of the main view area is based on a
parameter obtained by computing preset parameters, and the size of a center depth
section of the main view area is the size of a section of the main view area and the lens
plane of an eye lens.

In an example embodiment, based on the eye lenses, parameters of a virtual light
field display may be calculated or stored in a storage after pre-calculation, then
according to the position of a head, the position of the virtual light field display relative
to a center of a head may be computed by considering a head center as an origin point,
and then content may be generated.

As shown in FIG. 10, a method for generating contents of an example embodiment
includes loading a 3D model by a VR apparatus or a mobile device placed into a VR
apparatus (S110). The 3D model can be various 3D model formats, for example, a 3D
mesh, a 3D voxel or other model formats, and the mobile device can be, for example, a
mobile phone, a tablet computer or other portable devices.

After the 3D model is loaded, preset parameters of an HMD, including parameters of
the eye lenses may be acquired (S120). The acquired preset parameters can include U
Leps Yien, W, N and P, . The preset parameters can be provided by a manufacturer,
and stored in a storage of an apparatus, and read by a light field image rendering
software.

Then a virtual light field display according to eye lenses parameters may be
generated according to Step 2 and Step 5 of the above computation process.

According to the position of a current head, the position of the virtual light field
display relative to a head center by considering the head center as an origin point may
be computed (S140). Head position parameters may include direction and location of a
head in a 3D space, which can be read from a head shape measuring unit. Location of

the virtual light field display relative a head center may be determined by mechanical
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structure design parameters of the apparatus, such as, a distance between an eye lens
and an eye, and pupil distance between eye lenses, and eye lenses parameters, which
can also be read from a storage of an apparatus.

By ray tracing, color of each pixel point for a changed virtual light field display and
for the virtual light field display, may be computed according to preset parameters read
from a storage unit of the apparatus, the parameters being parameters of light rays in
the space corresponding to each pixel point of a display. For example, for one pixel
point, the corresponding light ray thereof can be determined by a point-to-point line
where one point is a location of a pixel itself in a display and another point is a location
of an optical center of a micro lens corresponding to the pixel. Location of the pixel
may be determined by location of a display panel and location of a pixel in an image,
and an optical center of a micro lens may be determined by preset parameters of the
apparatus, and the location of the display panel and the micro lens can be read from a
storage of the apparatus. Then the color value of the pixel by using a method of ray
tracing may be computed.

Then pixel point color in a virtual light field display may be assigned one-to-one to
each corresponding pixel point of a 2D display panel in a real light field display
(S160). When all the pixel points on the 2D display panel in the real light field display
are assigned with corresponding pixel point color values, generation of 3D image in-
formation may be implemented by the head-mounted apparatus, and the 3D image in-
formation can be displayed therein.

According to an example embodiment, an HMD apparatus with non-uniform
resolution may be provided, as shown in FIG. 11. The HMD apparatus may include at
least one from among a 2D display panel with non-uniform resolution, a micro lens
array with non-uniformly distributed dot pitch, an aperture, and eye lenses.

As a 2D display unit, the 2D display panel can be one display panel including two
display area, and each of two display area may display the image that enters into a left-
eye of a user or the image that enters into a right-eye of a user. However, example em-
bodiments are not limited thereto, and the 2D display panel can comprise two pieces of
panels. One of two pieces of panels may display the image that enters into a left-eye of
a user and another of two pieces of panels may display the image that enters into a
right-eye of a user, respectively. The display panel can be fixedly installed on an HMD
apparatus, that is, the HMD apparatus is integrated with all structure-function units into
one apparatus, without other independent devices. Or, the display panel can be a
display screen of other devices, for example, mobile phone, tablet computer or the like,
that is, one or more dependent mobile apparatus may be used in combination with
different structure-function units in the HMD other than all structure-function units

above-described. Accordingly, when the display panel is a display screen of other
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apparatus, the apparatus may include at least one from among a support unit for
placement of the other apparatus, a micro lens array with non-uniformly distributed dot
pitch, an aperture and an eye lens. The 2D display panel in the HMD apparatus can
also be implemented by a separate computer, and an image obtained by computation
may be transmitted to the 2D display panel via wired or wirelessly.

In an example embodiment, resolution of a 2D display panel may be non-uniform,
and the structure may be improved by performing device structure arrangement
according to human eyes bionics. FIG. 12 illustrating a relation between resolution of
human eye and a view angle of human eye shows that human eyes' retinas have
different resolution viewing capability for different view angles, and as the view angle
decreases, the resolution the human eyes retinas is capable of viewing increases, and
when the viewing angle is near zero, resolution capability of the human retinas may be
the highest. When the viewing angle is over about 5 degree, the resolution capability of
the human eyes decreases sharply, for example, at a location that is 12 degree from the
center, resolution capability of a human eye decreases to about one fifth of resolution
at the center where the viewing angle is near zero. Accordingly, by utilization of
feature of non-uniform distribution of resolution capability of human eye, specific
designing can be performed on a related element in an HMD apparatus, using higher
resolution near the center location of a 2D display apparatus, while lower resolution
may be used near the edge of the 2D display apparatus, which may allow the human
eyes not only to view high-resolution 3D image but also view a scene around the
center. According to this example design, utilization of a high-resolution 2D display
panel may be increased or maximized, while computation amount can also be
decreased, thereby reducing manufacturing cost of an apparatus. Meanwhile, a dot
matrix of a micro lens array may be non-uniformly distributed, which may be adapted
with a 2D display panel for non-uniform displaying, and this display mode is adapted
with eyesight of human eyes, and can further improve visual experience of a user.

As shown in FIG. 13, a light field display with non-uniform resolution may include a
2D display panel with non-uniform resolution and a micro lens array with non-uniform
resolution. A high-resolution 2D panel may correspond to a high-density micro lens
array, and a low-resolution 2D display panel may correspond to a low-density micro
lens array. This design may improve resolution in a high-density micro lens array area
space, while maintaining resolution in a low-density micro lens array area space.

In an example embodiment, the HMD apparatus may further include at least one
from among a light screen, eye lenses-distance adjustment unit, a distance adjustment
unit between an eye lens and a light modulator, and the operating principle and
location structure.

An example method of generating 3D image information of a light field display with
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non-uniform resolution is shown in FIG. 14. Due to only different optical parameters
being between a low-density micro lens array and a high-density micro lens array,
when generating 3D image information, each optical parameters may be used to
generate corresponding 3D image information. Generating can be performed
separately, and then subfigures may be combined.

In order to avoid or prevent uncomfortableness in a visual sense for a user caused by
an abnormal resolution, smooth transition can be utilized. As shown in FIG. 15, at a
common boundary of a high-resolution area and a low-resolution area, a resolution
close to low-resolution may be adopted in advance to generate image contents in the
high-resolution field, that is, parameters corresponding to a low-resolution image may
be adopted to draw a pixel, and the closer the resolution is toward a high-resolution
field center, the higher the resolution becomes. An example result of utilization of
smooth transition resolution of an image is shown in Fig. 16.

According to an example embodiment, an HMD apparatus with uniform resolution
may include at least one from among a 2D display panel with uniform resolution, a
micro lens array with uniformly distributed dot pitch, and eye lenses.

The location arrangement and structure of the 2D display panel, the micro lens array,
and the eye lenses may be identical with those shown in FIG. 1 and FIG. 11.

The HMD apparatus can further include a light screen, a distance adjustment unit
between eye lenses (a first distance adjustment unit), and a distance adjustment unit
between an eye lens and a light modulator (a second distance adjustment unit).

According to the example embodiment, the HMD apparatus may include a locating
unit, configured to determine a relative location of a pupil of human eyes relative to the
HMD apparatus, to locate a pupil of human eyes in a main view area by adjusting a
location of the main view area. For example, the locating unit can be a camera that is
arranged around an eye lens within the HMD apparatus, and can capture an image in
an eye. The location of the pupil relative to the camera may be obtained by detecting
location of the pupil from the image, and then the location of the pupil relative to the
HMD apparatus may be obtained according to the known location of the camera
relative to the HMD apparatus. Based on the location of the pupil relative to the HMD
apparatus, generated parameters of the main view area may be controlled, so the main
view area can include a pupil of human eyes.

According to an example embodiment, an HMD apparatus with non-uniform
resolution may include at least one from among a 2D display panel with non-uniform
resolution, a micro lens array with non-uniformly distributed dot pitch, and eye lenses.

The HMD apparatus may further include a light screen, a distance adjustment unit
between eye lenses, and a distance adjustment unit between an eye lens and a light

modulator.
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According to an example embodiment, the HMD apparatus may further include a
locating unit, configured to determine a relative location of a pupil of human eyes
relative to the HMD apparatus, to locate a pupil of human eyes in the main view area
by adjusting a location of the main view area. For example, the locating unit can be a
camera that arranged around eye lens within the HMD apparatus, and can capture an
image in an eye. The location of the pupil relative to the camera may be obtained by
detecting location of the pupil from the image, and then the location of the pupil
relative to the HMD apparatus may be obtained according to the known location of the
camera relative to the HMD apparatus. Based on the location of the pupil relative to
the HMD apparatus, generating parameters of the main view area may be controlled,
so the main view area can include a pupil of human eyes.

It can be understood for those skilled in the art that each block of the structure charts
and/or block diagrams and/or flowchart illustrations, and combinations of blocks in the
structure charts and/or block diagrams and/or flowchart illustrations, can be im-
plemented by computer program instructions. It can be understood for those skilled in
the art that the computer program instructions may also be supplied to a general
purpose computer, a special purpose computer or other processor capable of pro-
gramming data processing method for implementation, such that schemes specified in
one or more block of the structure charts and/or block diagrams and/or flowchart illus-
trations are implemented by a computer or other processor capable of programming
data processing method.

It can be understood for those or ordinary skilled in the art that various operations,
methods, steps, measures, and schemes that have been discussed in the present
disclosure may be alternated, changed, combined or deleted. In addition, those with
various operations, methods, steps, measures, and schemes that have been discussed in
the disclosure invention may further be alternated, changed, rearranged, disintegrated,
combined or deleted.

While example embodiments have been described with reference to the drawings, it
will be understood by those of ordinary skill in the art that various changes in form and
details may be made therein without departing from the spirit and scope as defined by

the following claims and their equivalents.
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Claims
A head-mounted display (HMD) apparatus comprising:

a light modulator configured to perform integral imaging on an image
output from a two-dimensional (2D) display panel to form a light field
image; and

an eye lens configured to magnify the light field image formed by the
light modulator.

The HMD apparatus of claim 1, further comprising:

a light screen configured to project a first light field image associated
with a left eye to the left eye and not to a right eye, and project a
second light field image associated with to the right eye to the right eye
and not to the left eye,

wherein the light screen is provided between the light modulator and
the eye lens.

The HMD apparatus of claim 1, further comprising:

an aperture configured to filter light rays in view areas other than view
areas in a main view area,

wherein the aperture is provided between the light modulator and the
eye lens.

The HMD apparatus of claim 1, further comprising:

at least one processor configured to:

acquire parameter information of the HMD apparatus; and

generate, based on the parameter information acquired, three-di-
mensional (3D) image information of the HMD apparatus.

The HMD apparatus of claims 1, further comprising:

a first distance adjustment unit configured to adjust a distance between
an eye lens corresponding to a left eye and an eye lens corresponding to
a right eye on the HMD apparatus, to correspond to a distance between
a pupil of the left eye and a pupil of the right eye of a user;

a second distance adjustment unit configured to adjust distance between
one of the eye lens corresponding to the left eye and the right eye and
the light modulator on the HMD apparatus, to correspond to an
eyesight of the user;

a locating unit configured to determine a location of the pupil of the left
and right eye of the user with respect to the HMD apparatus, wherein
the location of the pupil of the left eye and the right eye of the user are

included within a main view area by adjusting a location of the main
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view area; and

a storage configured to store an error value corresponding to a
parameter information of the HMD apparatus.

The HMD apparatus of claim 1, further comprising:

the 2D display panel configured to output an image,

wherein the light modulator is configured with uniformly distributed
dot pitch based on the 2D display panel configured with uniform
resolution, and

wherein the light modulator is configured with non-uniformly dis-
tributed dot pitch based on the 2D display panel configured with non-
uniform resolution.

The HMD apparatus of claim 1, wherein the light modulator is a micro
lens array or a pinhole array.

The HMD apparatus of claim 4, wherein the at least one processor is
further configured to:

determine the parameter information of the HMD apparatus based on
first parameters preset by the HMD apparatus, and

acquire the determined parameter information of the HMD apparatus.
The HMD apparatus of claim 8, wherein the at least one processor is
further configured to determine the parameter information of the HMD
apparatus based on third parameters calibrated based on second pa-
rameters computed from the first parameters and error values corre-
sponding to the second parameters.

The HMD apparatus of claim 8, wherein the first parameters comprises
at least one from among:

a distance between the 2D display panel and the eye lens,

a distance between a virtual 2D display panel and the eye lens,

a diameter of the eye lens,

a width of the virtual 2D display panel,

a number of pixels corresponding to an eye lens, and

a pixel pitch of the 2D display panel.

The HMD apparatus of claim 4, wherein the parameter information of
the HMD apparatus comprises at least one from among:

a magnification factor of the 2D display panel,

a focal distance of the eye lens,

a dot pitch of a virtual light modulator,

a distance between the eye lens and a vertex of a main view area,

a view angle of the main view area,
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a distance between a virtual 2D display panel and a virtual light
modulator,

a distance between a light modulator and the eye lens,

a distance between the light modulator and the 2D display panel,

a magnification factor of the light modulator, and

a dot pitch of the light modulator.

A method for generating three-dimensional (3D) image information by
a head-mounted display (HMD) apparatus, the method comprising:
acquiring parameter information of the HMD apparatus based on first
parameters preset by the HMD apparatus;

generating, according to the parameter information acquired, 3D image
information of the HMD apparatus;

performing integral imaging on an image output from a two-di-
mensional (2D) display panel to form a light field image by a light
modulator included in the HMD apparatus; and

magnifying the light field image formed by the light modulator by an
eye lens included in the HMD apparatus.

The method of claim 12, further comprising:

projecting a fist light field image associated with a left eye to the left
eye and not to a right eye, and projecting a second light field image as-
sociated with the right eye to the right eye and not to the left eye by a
light screen included in the HMD apparatus,

wherein the light screen is provided between the light modulator and
the eye lens.

The method of claim 12, further comprising:

filtering light rays in view areas other than those in a main view area by
an aperture included in the HMD apparatus,

wherein the aperture is provided between the light modulator and the
eye lens.

The method of claim 12, further comprising:

adjusting a distance between an eye lens corresponding to a left eye and
an eye lens corresponding to a right eye on the HMD apparatus to
correspond to a distance between a pupil of the left eye and a pupil of
the right eye of a user;

adjusting a distance between one of the eye lens corresponding to the
left eye and the right eye and a light modulator included in the HMD
apparatus to correspond to an eyesight of the user;

determining a location of the pupil of the left eye and right eye of the
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user with respect to the HMD apparatus, wherein the location of the
pupil of the left eye and the right eye of the user aer included within a
main view area by adjusting a location of the main view area; and
storing an error value corresponding to the parameter information of

the HMD apparatus.
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[Fig. 5]
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