VIRTUAL REALITY HEAD-MOUNTED APPARATUS

TECHNICAL FIELD

This application relates to the technical field of virtual reality, and in particular, to a virtual

reality head-mounted apparatus.

BACKGROUND

Virtual reality (VR) technology is a technology that comprehensively utilizes a computer
graphics system and various control interfaces to generate an interactive three-dimensional
interaction environment on a computer to provide users with immersive experience. In related
art, a user can wear a VR head-mounted apparatus, such as VR glasses, a VR helmet, or another
VR apparatus, to obtain corresponding VR experience.

Due to unique characteristics of VR scenarios, technical solutions for traditional electronic \
devices such as mobile phones or PCs may not be applicable to VR scenarios. For example, to
acquire an infrared image of an eye of a user wearing a VR apparatus, due to structural
limitations within the VR apparatus, image acquisition conditions for conventional methods
may be difficult to meet, resulting in difficulties to successfully complete the corresponding

tasks such as biometric recognition, eye tracking, etc.

SUMMARY

In view of these limitations, this application provides a VR head-mounted apparatus,
which can improve the acquisition accuracy of an infrared image of an eye of a user.

To achieve the foregoing objective, this application provides the following technical
solutions.

According to a first aspect of this application, a VR head-mounted apparatus is provided,
including:

a main body, the main body being provided with a convex lens; and

a camera and a partial-reflection partial-transmission lens for reflecting infrared light
provided in the main body, the partial-reflection partial-transmission lens being located on a
side of the convex lens closer to a user, and a lens surface of the partial-reflection partial-
transmission lens being disposed obliquely to reflect an infrared image of an eye of the user

obliquely to the camera.



Optionally, the partial-reflection partial-transmission lens has a high transmittance for
visible light and a low transmittance for infrared light.

Optionally, the partial-reflection partial-transmission lens includes an infrared dichroic
mirror.

Optionally, the camera is located outside a visible area of the convex lens with respect to
the user.

Optionally, the partial-reflection partial-transmission lens has a plate shape, the lens
surface of the partial-reflection partial-transmission lens is inclined upward, the camera is
located at a top of the main body, and a lens of the camera is disposed obliquely downward.

Optionally, the partial-reflection partial-transmission lens has a plate shape, the lens
surface of the partial-reflection partial-transmission lens is inclined downward, the camera is
located at a bottom of the main body, and a lens of the camera is disposed obliquely upward.

Optionally, the partial-reflection partial-transmission lens includes an upper lens structure
and a lower lens structure disposed obliquely, and a joint of the upper lens structure and the
lower lens structure faces the user; the main body is provided with a first camera and a second
camera, the first camera is located at a top of the main body and a lens of the first camera is
disposed obliquely downward corresponding to the upper lens structure, and the second camera
is located at a bottom of the main body and a lens of the second camera is disposed obliquely
upward corresponding to the lower lens structure.

Optionally, the upper lens structure and the lower lens structure are symmetrical with
respect to a horizontal plane.

Optionally, the apparatus further includes:

a protective frame, the protective frame forming an accommodating space adapted to the
partial-reflection partial-transmission lens and the convex lens, so as to accommodate and fix
the partial-reflection partial-transmission lens and the convex lens.

Optionally, the apparatus further includes:

an adjustment component, the adjustment component performing angle adjustment on the
camera, such that the lens of the camera is kept toward a virtual image of the infrared image of
the eye formed in the partial-reflection partial-transmission lens.

As can be seen from the above technical solutions, in this application, a partial-reflection
partial-transmission lens is provided in a VR head-mounted apparatus, and a lens surface of
the partial-reflection partial-transmission lens is disposed obliquely. Without interfering with
a user’s viewing of VR display content, by obliquely reflecting an infrared image of an eye of

the user, a deviation angle of a camera during the acquisition of the infrared image of the eye



can be reduced, thus reducing the deformation and distortion of the infrared image of the eye,

and helping to improve the acquisition accuracy for the infrared image of the eye.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. | is a side cross-sectional view of a VR helmet provided by a first exemplary
embodiment of this application.

FIG. 2 is a side cross-sectional view of a VR helmet provided by a second exemplary
embodiment of this application.

FIG. 3 is a side cross-sectional view of a VR helmet provided by a third exemplary
embodiment of this application.

FIGS. 4-6 are side cross-sectional views of a VR helmet provided by a fourth exemplary
embodiment of this application.

FIG. 7 is a schematic view of controlling an angle of a camera provided by an exemplary
embodiment of this application.

FIG. 8 is a schematic view of providing a partial-reflection partial-transmission lens and a
convex lens through a protective frame provided by an exemplary embodiment of this

application.

DETAILED DESCRIPTION OF THE INVENTION

In order to further explain this application, the following embodiments are provided, using
a VR helmet as an example, to introduce the related structure of a VR head-mounted apparatus
of this application.

FIG. 1 is a side cross-sectional view of a VR helmet provided by an exemplary
embodiment of this application. As shown in FIG. I, the VR helmet may include: a main body
1, the main body 1 being provided with a convex lens 2 and a VR playing component 5. Further,
the main body 1 is further provided with a partial-reflection partial-transmission lens 3 for
reflecting infrared light. The partial-reflection partial-transmission lens 3 is located on a side
of the convex lens 2 closer to a user (i.e., the partial-reflection partial-transmission lens 3 is
located between the convex lens 2 and an eye 6 of the user). Since the partial-reflection partial-
transmission lens 3 has a high transmittance for visible light (relative to infrared light) and a
low transmittance for infrared light (relative to visible light), VR display content played by the
VR playing component S may, in a form of visible light S1, go through the partial-reflection

partial-transmission lens 3 almost unaffected, and the eye 6 of the user receives the visible light



S1 to view of the VR display content, while infrared light S2 emitted from the eye 6 of the user
is mostly or almost completely reflected by the partial-reflection partial-transmission lens 3.
Corresponding reflected infrared light S2' is acquired by a camera 4 provided in the main body
1, and an infrared image of the eye 6 may be formed from the reflected infrared light S2' to
achieve functions such as eye tracking and iris recognition.

More specifically, a lens surface 30 of the partial-reflection partial-transmission lens 3 is
disposed obliquely, and positions of the partial-reflection partial-transmission lens 3 and the
camera 4 correspond to each other, such that the lens surface 30 of the partial-reflection partial-
transmission lens 3 can obliquely reflect the infrared light S2 corresponding to the infrared
image of the eye 6 toward the camera 4. For example, in the embodiment shown in FIG. 1, the
camera 4 may be located at a lower edge of the main body [ close to a user side (i.e., left side
in FIG. 1), and a lens of the camera 4 faces inward toward the partial-reflection partial-
transmission lens 3 to acquire the foregoing reflected infrared light S2'. Then, assuming that an
angle between the camera 4 and the infrared light S2 is maintained at a, since the lens surface
30 of the partial-reflection partial-transmission lens 3 is disposed obliquely to reflect the
infrared light S2 toward the camera 4 to form the reflected infrared light S2', an angle  between
the camera 4 and the reflected infrared light S2' is inevitably smaller than the foregoing angle
a. Thus possible deformation and distortion of the infrared image of the eye acquired by the
camera 4 may be reduced, which helps to improve the acquisition accuracy for the infrared
image of the eye 6, and to further improve the accuracy and precision of subsequent processing
such as iris recognition and eye tracking.

Moreover, since the eye 6 of the user tends to be smaller than the convex lens 2, a visible
area formed between the eye 6 and the convex lens 2 may have a trapezoidal shape as shown
in FIG. 1 (the cross section is trapezoidal; in fact, since the convex lens 2 is round, a 3-D shape
corresponding to the visible area is approximately a cone), and a top surface and a bottom
surface of the main body 1 are planar. Then, in an example that the camera 4 is located inside
an edge of the bottom surface of the main body 1, it is obvious that an installation space for the
camera 4 is smaller as the camera moves closer to the convex lens 2 and the installation space
for the camera 4 is larger as the camera moves closer to the eye 6. So, when an installation
position of the camera 4 is close to the eye 6 (e.g., in the embodiment shown in FIG. 1), a larger
installation space (compared to a situation where the installation position of the camera 4 is
close to the convex lens 2) can be obtained to adjust an installation angle of the camera 4 (e.g.,
to make it more parallel with the reflected infrared light S2') and reduce the foregoing angle f3,

thereby improving the acquisition accuracy of the camera 4 for the infrared image of the eye 6.



It should be noted that the technical solutions of this application may be applied to any
type of VR head-mounted apparatus. For example, as shown in FIG. I, the VR helmet may be
an integrated-style VR head-mounted apparatus, that is, the VR helmet may independently
implement a VR playing function without resorting to an external apparatus. The VR playing
component 5 is pre-built in the VR helmet to implement playing functions such as rendering
and displaying of VR display content. Alternatively, the VR helmet may be a split-style VR
head-mounted apparatus. For example, when the VR helmet apparatus is paired with a mobile
apparatus such as a mobile phone or a tablet, the VR playing component 5 may include a mobile
apparatus installed in the VR helmet, and the mobile apparatus may implement rendering
through a processor, a graphics card chip, etc., and may perform content display through a
screen component. For another example, when the VR helmet is paired with a PC host, a game
console, or another external apparatus, the VR playing component 5 may be a display
component built in the VR helmet, and the foregoing external apparatus is used to render VR
display content and the like.

In the technical solutions of this application, the partial-reflection partial-transmission lens
3 for reflecting infrared light refers to a lens having a low transmittance for an infrared spectrum
and a high transmittance for other spectra such as visible light. By blocking the low-
transmittance infrared spectrum as much as possible, the partial-reflection partial-transmission
lens 3 reflects the infrared spectrum, i.e., “partial-reflection.” Meanwhile, other spectra such as
high-transmittance visible light can be transmitted through the partial-reflection partial-
transmission lens 3 as much as possible, so that the partial-reflection partial-transmission lens
3’s blocking or impact on other spectra such as the visible light can be minimized, i.e., “partial-
transmission”.

For example, the foregoing partial-reflection partial-transmission lens 3 for reflecting
infrared light may be an infrared dichroic mirror, such that a visible spectrum may be almost
completely transmitted and an infrared spectrum may be almost completely reflected.
Specifically, in one case, an infrared reflective film such as a TiO2-Ag-TiO2 infrared reflective
film or a ZnS-Ag-ZnS infrared reflective film may be coated on a surface of an optical lens
that has a high transmittance for visible light (the visible spectrum may be almost completely
transmitted) to form the infrared dichroic mirror. In another case, a lens may be made based
entirely on materials in the foregoing infrared reflective film or a similar preparation material
to form the infrared dichroic mirror.

As can be seen from the above technical solutions, in this application, a partial-reflection

partial-transmission lens 3 is provided in a VR head-mounted apparatus, and a lens surface 30



of the partial-reflection partial-transmission lens 3 is disposed obliquely. Without interfering
with a user’s viewing of VR display content, an infrared image of an eye of the user is obliquely
reflected, and a deviation angle of a camera 4 during the acquisition of the infrared image of
the eye can be reduced, thus reducing the deformation and distortion of the infrared image of
the eye, and helping to improve the acquisition accuracy for the infrared image of the eye.

In the technical solutions of this application, when the partial-reflection partial-
transmission lens 3 has a plate shape as shown in FIG. 1, the lens 3 as a whole may be arranged
obliquely, as shown in FIG. 1. In other embodiments, the lens surface 30 may be inclined in
other manners. For example, as shown in FIG. 2, when the partial-reflection partial-
transmission lens 3 has a wedge-shaped cross section, a bottom surface of the partial-reflection
partial-transmission lens 3 is in a vertical direction, and the lens surface 30 is inclined, thereby
helping to reduce the installation difficulty of the partial-reflection partial-transmission lens 3
as the installation angle of the partial-reflection partial-transmission lens 3 does not need to be
repeatedly adjusted.

Due to the structural characteristics of a human eye, when the embodiment shown in FIG.
I or FIG. 2 is utilized, i.e., the lens surface 30 of the partial-reflection partial-transmission lens
3 is inclined downward, the camera 4 is located at a bottom of the main body I, and the lens of
the camera 4 is disposed obliquely upward, the infrared image of the eye 6 of the user can be
acquired more completely, clearly and accurately under the same conditions. Certainly, if the
embodiment as shown in FIG. 3 is utilized, that is, the lens surface 30 of the partial-reflection
partial-transmission lens 3 is inclined upward, the camera 4 is located at a top of the main body
1, and the lens of the camera 4 is disposed obliquely downward, the infrared image of the eye
6 can also be obtained.

FIG. 4 is a side cross-sectional view of a VR helmet provided by an exemplary
embodiment of this application. As shown in FIG. 4, in addition to the foregoing plate structure
shown in FIGS. 1-3, the partial-reflection partial-transmission lens 3 may have other structures.
For example, the partial-reflection partial-transmission lens 3 in FIG. 4 may include an upper
lens structure 3A and a lower lens structure 3B disposed obliquely, and a joint of the upper lens
structure 3A and the lower lens structure 3B faces the user (i.e., in the embodiment shown in
FIG. 4, the upper lens structure 3A has its lower part inclined leftward and its upper part
inclined rightward, and the lower lens structure 3B has its upper part inclined leftwards and its
lower part inclined rightwards).

Meanwhile, the main body | is provided with a first camera 4A and a second camera 4B.

The first camera 4A is located at the top of the main body | and a lens of the first camera 4A



is disposed obliquely downward corresponding to the upper lens structure 3A, and the second
camera 4B is located at the bottom of the main body | and a lens of the second camera 4B is
disposed obliquely upward corresponding to the lower lens structure 3B.

In fact, since users wearing the VR apparatus may have different shapes and sizes on traits
such as their heads, faces and eyes, and the VR apparatus is uniformly manufactured by a
manufacturer, a positional relationship between the eye 6 and the partial-reflection partial-
transmission lens 3 may be different for different users wearing a same VR apparatus. For
example, the eye 6 may not be exactly located in a middle position of the main body | as shown
in FIGS. 1-3, which may result in the camera 4 not being able to completely acquire the infrared
image of the eye of the user.

Then, to address the foregoing potential problems, this application, through the
embodiments such as those shown in FIG. 4, can ensure that infrared images of the eyes of a
user can be completely acquired by the first camera 4A and the second camera 4B, regardless
the positional changes, such as an upward shift or a downward shift, that may occur to the eyes
of the user.

For example, when the eye 6 is located near the middle position of the main body I, an
upper region of the infrared image of the eye 6 corresponds to a first infrared ray S21, and a
lower region corresponds to a first infrared ray S22. The first infrared ray S21 can be reflected
by an upper lens surface 30A of the upper lens structure 3A to form a first reflected infrared
ray S21', which may be acquired by the first camera 4A. The second infrared ray S22 can be
reflected by a lower lens surface 30B of the lower lens structure 3B to form a second reflected
infrared ray S22', which may be acquired by the second camera 4B. Then, the first reflected
infrared ray S21' and the second reflected infrared ray S22' can be combined to obtain the
infrared image of the eye 6.

For another example, when the eye 6 is shifted upward, as shown in FIG. 5, the first
infrared ray S21 and the first infrared ray S22 may both be emitted toward the upper lens
structure 3A and reflected by the upper lens surface 30A of the upper lens structure 3A to form
the first reflected infrared ray S21' and the second reflected infrared ray S22'. The first camera
4A may acquire the first reflected infrared ray S21" and the second reflected infrared ray S22/,
and combined them to form the infrared image of the eye 6.

For another example, when the eye 6 is shifted downward, as shown in FIG. 6, the first
infrared ray S21 and the first infrared ray S22 may both be emitted toward the lower lens
structure 3B and reflected by the lower lens surface 30B of the lower lens structure 3B to obtain

the first reflected infrared ray S21' and the second reflected infrared ray S22', The second



camera 4B may acquire the first reflected infrared ray S21' and the second reflected infrared
ray S22', and combine them to form the infrared image of the eye 6.

In one embodiment, the upper lens structure 3A and the lower lens structure 3B of the
partial-reflection partial-transmission lens 3 shown in FIGS. 4-6 may be symmetrical with
respect to a horizontal plane, such that the upper lens structure 3A and the lower lens structure
3B have the same or similar structural strength and stability, and the partial-reflection partial-
transmission lens 3 has better overall stability. Certainly, in another embodiment, the upper
lens structure 3A and the fower lens structure 3B may also have an asymmetric structure. For
example, a larger lower lens structure 3B is utilized for the acquisition of an infrared image of
an eye in most cases, and a smaller upper lens structure 3A is utilized for the acquisition of an
infrared image of an eye in rare cases where the eye 6 of the user is shifted upward.

Certainly, in addition to using a specially-shaped partial-reflection partial-transmission
lens 3, as shown in the embodiments in FIGS. 4-6, to adapt to different users, this application
also provides other processing methods. For example, as shown in FIG. 7, the VR head-
mounted apparatus of this application may further include an adjustment component 7. The
adjustment component 7 is electrically connected to each camera 4 to perform angle adjustment
on the camera 4, such that the lens of the camera 4 is kept toward a virtual image of the infrared
image of the eye formed in the partial-reflection partial-transmission lens 3, thereby obtaining
a complete, clear and accurate infrared image of the eye.

In addition, in the technical solutions of this application, since the partial-reflection partial-
transmission lens 3 is added compared to the related art as shown in FIG. I, the VR head-
mounted apparatus of this application may further include a protective frame 8 as shown in
FIG. 8. The protective frame 8 may form an accommodating space adapted to the partial-
reflection partial-transmission lens 3 and the convex lens 2, so as to accommodate and fix the
partial-reflection partial-transmission lens 3 and the convex lens 2, thereby improving the
structural integrity and stability.

It should also be noted that the terms “include”, “comprise” and any other variants mean
to cover the non-exclusive inclusion. Thereby, the process, method, article, or device which
include a series of elements not only include those elements, but also include other elements
which are not clearly listed, or include the inherent elements of the process, method, article and
device. Without further limitation, the element defined by a phrase “include one...... ” does not
exclude other same elements in the process, method, article or device which include the element.

Reference will now be made in detail to exemplary embodiments, examples of which are

illustrated in the accompanying drawings. The following description refers to the



accompanying drawings in which the same numbers in different drawings represent the same
or similar elements unless otherwise represented. The implementations set forth in the
following description of exemplary embodiments do not represent all implementations
consistent with this application. Instead, they are merely examples of apparatuses and methods
consistent with aspects related to this application as recited in the appended claims.

The terms used in this application are merely for the purpose of describing specific
embodiments, and are not intended to limit this application. The terms “a”, “said” and “the” of
singular forms used in this application and the appended claims are also intended to include
plural forms, unless otherwise specified in the context clearly. It should also be understood that,
the term “and/or” used herein indicates and includes any or all possible combinations of one or
more associated listed items.

It should be understood that although the terms such as first, second, and third may be used
herein to describe various information, such information should not be limited to these terms.
These terms are merely used for distinguishing information of the same type from each other.
For example, within the scope of this application, first information may also be referred to as
second information, and similarly, second information may also be referred to as first
information. Depending on the context, the term “if” as used herein may be interpreted as
“when ...” or “upon ...” or “in response to determining.”

The foregoing descriptions are merely exemplary embodiments of this application, but are
not intended to limit this application. Any modification, equivalent replacement, or
improvement made without departing from the spirit and principle of this application should

fall within the protection scope of this application.



CLAIMS

What is claimed is:

1. A virtual reality head-mounted apparatus, comprising:

a main body, the main body being provided with a convex lens; and

a camera and a partial-reflection partial-transmission lens for reflecting infrared light
provided in the main body, the partial-reflection partial-transmission lens being located on a
side of the convex lens closer to a user, and a lens surface of the partial-reflection partial-
transmission lens being disposed obliquely to reflect an infrared image of an eye of the user

obliquely to the camera.

2. The apparatus according to claim I, wherein the partial-reflection partial-transmission

lens has a high transmittance for visible light and a low transmittance for infrared light.

3. The apparatus according to claim 1, wherein the partial-reflection partial-transmission

lens comprises an infrared dichroic mirror.

4. The apparatus according to claim 1, wherein the camera is located outside a visible area

of the convex lens with respect to the user.

5. The apparatus according to claim 1, wherein the partial-reflection partial-transmission
lens has a plate shape, the lens surface of the partial-reflection partial-transmission lens is
inclined upward, the camera is located at a top of the main body, and a lens of the camera is

disposed obliquely downward.

6. The apparatus according to claim 1, wherein the partial-reflection partial-transmission
lens has a plate shape, the lens surface of the partial-reflection partial-transmission lens is
inclined downward, the camera is located at a bottom of the main body, and a lens of the camera

is disposed obliquely upward.

7. The apparatus according to claim 1, wherein the partial-reflection partial-transmission
lens comprises an upper lens structure and a lower lens structure disposed obliquely, and a joint
of the upper lens structure and the lower lens structure faces the user; the main body is provided

with a first camera and a second camera, the first camera is located at a top of the main body



and a lens of the first camera is disposed obliquely downward corresponding to the upper lens
structure, and the second camera is located at a bottom of the main body and a lens of the

second camera is disposed obliquely upward corresponding to the lower lens structure.

8. The apparatus according to claim 7, wherein the upper lens structure and the lower lens

structure are symmetrical with respect to a horizontal plane.

9. The apparatus according to claim 1, further comprising:
a protective frame, the protective frame forming an accommodating space adapted to the
partial-reflection partial-transmission lens and the convex lens, so as to accommodate and fix

the partial-reflection partial-transmission lens and the convex lens.

10. The apparatus according to claim 1, further comprising:
an adjustment component, the adjustment component performing angle adjustment on the
camera, such that the lens of the camera is kept toward a virtual image of the infrared image of

the eye formed in the partial-reflection partial-transmission lens.



