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RENDERING METHOD, COMPUTER PRODUCT AND DISPLAY APPARATUS

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims benefit of the filing date of Chinese Patent Application No.
201810260593.3 filed on Mach 27, 2018, the disclosure of which is hereby incorporated in its

entirety by reference.

TECHNICAL FIELD

[0002] The present disclosure relates to display technologies, in particular, to an image

rendering method, a renderer, a computer product, and a display apparatus.

BACKGROUND

[0003] Products of virtual reality (VR), augmented reality (AR), and mixed reality (MR)
require the use of a renderer to render an image. Rendering is the process of outputting a two-
dimensional image from computing a data model of a virtual three-dimensional scene according

to one or more perspective field of views.

[0004] As VR/AR/MR technology becomes more and more demanding on display screen
resolution, the amount of data information required by the rendering software is also increasing.
A high resolution rendering scene requires a faster computation speed of rendering software, a

higher consumption of the processor, and a larger volume of data to be transmitted.

BRIEF SUMMARY

[0005] An embodiment of the present disclosure provides an image rendering method for
a computer product coupled to a display apparatus. The image rendering method may include
rendering an entire display region of the display apparatus with a first rendering mode to
generate a first rendering mode sample image, determining a target region in the entire display
region, rendering the target region with a second rendering mode to generate a second rendering

mode sample image, and transmitting data of the first rendering mode sample image and the
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second rendering mode sample image. The second rendering mode comprises at least a value of

an image rendering feature that is higher than that of the first rendering mode.

[0006] The image rendering feature may include at least one of image resolution or bit
depth. Rendering the entire display region with the first rendering mode may include rendering
the entire display region at a first image resolution; rendering the target region with the second
rendering mode may include rendering the target region at a second image resolution; and a
number of pixels per unit area corresponding to the first image resolution may be about 1/4 to

1/3 of a number of pixels per unit area corresponding to the second image resolution.

[0007] In one embodiment, determining the target region in the entire display region may
include determining a center point of the target region in the entire display region of the display
apparatus, determining a ratio of an area of the target region to an area of the entire display
region, and obtaining a location of the target region in the entire display region based on the
center point of the target region and the ratio of the area of the target region to the area of the

entire display region.

[0008] In one embodiment, determining the target region in the entire display region
includes determining a center point of the entire display region as the center point of the target
region, determining the ratio of the area of the target region to the area of the entire display
region as 1:n, obtaining a field of view a of an camera for the entire display region, calculating a
field of view 3 of an camera for the target region using an equation below:

tan (2) = 22

2 n

and calculating a location of the target region in the entire display region based on the calculated

field of view B of the camera for the target region.

[0009] In one embodiment, determining the target region in the entire display region
includes determining a user’s gaze point in the entire display region as the center point of the
target region is, determining the ratio of the area of the target region to the area of the entire

display image as 1:n, obtaining coordinates of the gaze point (Zx, Zy); near clipping distance
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Ajear and far clipping distance Ay, of an camera for the entire display region; left field of view
Biesi, right field angle Brign:, top field of view By, bottom field of view Byown 0f an camera for the
target region, obtaining a range of Zx as -m<Zx<m and a range of Zy, -m<Zy<m based on the
1:n ratio of area of the target region to the area of the entire display region, obtaining boundary

values of the target region according to below equations:

Near clipping distance: Zpear =Anear;

Far clipping distance: Zgp=Ag;

Left boundary of near clipping plane: Zieg=Zear X tanPies X 1/n x ((2 X Zy-m)/m);
Right boundary of near clipping plane: Zign=Znear X tanPrigne X 1/n x ((2 x Z,+m)/m);
Up boundary of near clipping plane: Z,=Zyear X tanPy, x 1/n x ((2 x Zym)/m);

Down boundary of near clipping plane: Zgown=Znear X talPaown X 1/ x ((2 X Zy-m)/my);

obtaining parameters of projection matrix of the target region based on the obtained boundary

values of the target region according to below equations:

X =2%xZ__ / (ZygZoen)

y=2x an/( 2L )

a =(Z,, +Z.) / (Z e Z..)

b =(Z, 470 [( 2y i)

¢ =(ZptZ2,. (2L,

d =-QQOxZy xZ,, [ Zy-Z, 0

e =-1

and obtaining the projection matrix Z,, of the target region based on the obtained parameters of

the projection matrix of the target region:

S O <« O
o o o ®

o a0 o O
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[0010] The ratio of the area of the target region to the area of the entire display region
may be about 1/4 to 1/3.

[0011] Transmitting the data of the first rendering mode sample image and the second
rendering mode sample image may include splicing together the first rendering mode sample
image and the second rendering mode sample image to obtained a spliced image and transmitting

the spliced image.

[0012] Splicing the first rendering mode sample image and the second rendering mode
sample image may include superimposing the second rendering mode sample image on a

corresponding area of the first rendering mode sample image.

[0013] The entire display region to be rendered may correspond to a monocular image of
a display screen of the display apparatus. The image rendering feature may include at least one
of image resolution or bit depth; the image rendering feature of the first rendering mode sample
image may be smaller than a display index of a corresponding image of the display screen; and
the image rendering feature of the second rendering mode sample image may equal to a display

index of the corresponding image of the display screen

[0014] The image rendering feature may include the image resolution; a number of pixels
per unit area corresponding to the first image resolution of the first rendering mode may be
smaller than a number of pixels per unit area corresponding to a display resolution of the
monocular image of the display screen; and a number of pixels per unit area corresponding to the
second image resolution of the second rendering mode may equal to the number of pixels per

unit area corresponding to the display resolution of the monocular image of the display screen.

[0015] The display apparatus may be a binocular head mounted display apparatus. The
first rendering mode sample image may include a first image resolution rendering sample image
of a left eye and a first image resolution rendering sample image of a right eye; and the second
rendering mode sample image may include a second image resolution rendering sample image of

a left eye and a second image resolution rendering sample image of a right eye.
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[0016] Another example of the present disclosure is a computer product. The computer
product may include one or more processors. The one or more processors is configured to

implement the image rendering method according to one embodiment of the present disclosure.

[0017] The computer product may include a first rendering module and a second
rendering module. The first rendering module may be configured to render the entire displaying
region of the display apparatus by the first render mode to obtain the first rendering mode sample
image. The second rendering module may be configured to render the target region of the entire
display region of the display apparatus by the second rendering mode to generate the second

rendering mode sample image.

[0018] The computer product may further include a data transmission module, the data
transmission module may include an image splicing unit and a spliced image transmission unit.
The image splicing unit may be configured to splice together the first rendering mode sample
image and the second rendering mode sample image and the spliced image transmission unit may

be configured to transmit the spliced image to a display screen of the display apparatus.

[0019] Another example of the present disclosure is a display apparatus coupling to the

computer product according to one embodiment of the present disclosure.

[0020] The display apparatus may further include one or more sensors configured to
track and determine a user’s gaze point. The computer product may be configured to obtain a
size of the display screen of the display apparatus, and adjust a size of the first rendering mode
sample image to cover the size of the display screen. The display apparatus may be a head

mounted display apparatus.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021] In order to more clearly illustrate the embodiments of the present disclosure or the
technical solutions in the prior art, the drawings used in the embodiments or the description of
the prior art will be briefly described below. Obviously, the drawings in the following
description are only certain embodiments of the present disclosure, and other drawings can be

obtained from those skilled in the art without any creative work.

5
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[0022] FIG. 1 is a flow chart of a rendering method according to one embodiment of the

present disclosure;

[0023] FIG. 2 is a flow chart of a rendering method according to one embodiment of the

present disclosure;

[0024] FIGS. 3 — 6 are pictures of different steps illustrating a rendering method

according to one embodiment of the present disclosure;

[0025] FIG. 7 is a partial enlarged view of FIG. 6 according to one embodiment of the

present disclosure;

[0026] FIG. 8 is a schematic structural diagram of a computer product according to one

embodiment of the present disclosure.

DETAILED DESCRIPTION

[0027] The present disclosure will be described in further detail with reference to the
accompanying drawings and embodiments in order to provide a better understanding by those
skilled in the art of the technical solutions of the present disclosure. Throughout the description
of the disclosure, reference is made to Figs. 1-8. When referring to the figures, like structures and

elements shown throughout are indicated with like reference numerals.

[0028] The renderer is a core component of some editable computer game systems or
interactive real-time image applications, including a 2D image renderer and a 3D image renderer.
These systems provide game designers with a variety of tools for writing games, so that game

designers can easily and quickly make game programs without starting from scratch.

[0029] The renderer pipeline includes parallel processing units that process graphics
signals independently of one another in the display chip (GPU). Each stage of the renderer
pipeline receives input from the previous stage thereof and outputs to the next stage after the
processing is completed. The whole process is to complete one frame rendering. In the early days
of the GPU, the processing power thereof was very limited. The rendering pipeline relied heavily

on the CPU. The task of the entire pipeline was done by the CPU and GPU. Of course, as the
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GPU becomes more powerful, the GPU takes on all the tasks in the pipeline, so the concept of

rendering pipelines is now equivalent to the GPU rendering pipeline.

[0030] Rendering is a process of converting a 3D scene to a 2D image on the screen.
First, a virtual scene is created using the renderer. Then, a virtual camera is created as needed,
and the orthogonal projection/perspective projection is the projection parameter of this camera.
When the program is running, the CPU and GPU will work together to generate the virtual scene,
and then the camera will call the rendering pipeline to render according to the set parameters,
and the rendered image will be stored at a certain address of the GPU.

Finally, the backend handler will take the image from this address, process it, or transfer it to the

hardware (display device) via the graphics interface.

[0031] Accordingly, an image rendering method according to one embodiment of the

present disclosure, as shown in FIG. 1, includes the following:

[0032] In step S1, an entire display region is rendered using a first rendering mode to

generate a first rendering mode sample image.

[0033] In one embodiment, the entire display region to be rendered may be an entire

target scene by a renderer who performs the rendering.

[0034] In one embodiment, the renderer may construct a scene such as spacing, lighting,
and object, etc. based on data of the scene such as attributes data, uniforms data, and texture data

etc..

[0035] In one embodiment, the renderer may construct the scene through a shader of a

graphics processor, a central processor, or other circuits that can perform rendering operation.

[0036] In step S2, a region in the entire display region is determined as a target region,
and the target region is rendered using a second rendering mode to generate a second rendering

mode sample image.

[0037] Through steps S1 and S2, different scenes may be rendered by different rendering

modes: rendering a partial region of the entire display region (e.g., the above-mentioned “target
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region”) with a high image rendering feature and rendering the non-targeted region with a low

image rendering feature.

[0038] The sequence of steps S1 and S2 is not limited. In fact, Step S1 can be performed
before or after step S2.

[0039] In step S3: the first rendering mode sample image generated in step S1 and the

second rendering mode sample image generated in step S2 are transmitted.

[0040] The second rendering mode is configured to include at least one image rendering

feature that is higher than that of the first rendering mode.

[0041] In the rendering method according to the embodiment of the present disclosure,
the first rendering mode renders the entire display region, and the second rendering mode renders
the target region of the entire display region. Therefore, the amount of work created by the
embodiments of present disclosure is much less than the amount of work created by performing
the second rendering mode to the entire display region in the related art. The amount of data and
transmission volume may also be reduced correspondingly. As a result, comparing to the
method in the related art, the processing speed of the processor and the data transmission speed
according to embodiments of the present disclosure can be significantly improved. That is, the
embodiments of the present disclosure significantly improve the computer technology or
functionality or capability of the computer technology. Furthermore, a user’s demand of real-

time screen display is more satisfied.

[0042] Alternatively, there may be one or more than one target regions. For example, a

targeted region may be selected for each entire display region to be rendered.

[0043] In some embodiments, image rendering features include at least one of image
resolution or bit depth. For a same image, the workload and the amount of data created by a
low-image resolution rendering method is relative less than those by a high-image resolution
rendering method, and the workload and the amount of data created by a low bit depth rendering

method is relative less than those by a high bit depth rendering method.
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[0044] The term of “image resolution” described in the present disclosure is conceptually
corresponding to a number of pixels contained in a unit area of a display, and is being used to
characterize the fineness of the display. For example, comparison of the resolutions can be
converted to comparison of the pixel density per unit area, such as dots per inch (DPI) or pixels
per inch (PPI) to characterize the pixel density per unit area.For convenience of description,
image resolution of the first rendering mode is referred here as a first image resolution, and
image resolution of the second rendering mode is referred here as a second image resolution. The
image resolution may be selected based on requirement as long as the second image resolution is

higher than the first image resolution.

[0045] The term of “display resolution” corresponds to a total number of pixels in a
display screen. For example, the display resolution may be high-definition (HD) resolution such
as full-high definition (FHD)( 1080P), quad-high definition (QHD) (2K), 4K, and 5K...etc. The
display resolution may be non-HD resolutions such as HD (720P), and QHD. ,

[0046] For convenience of description, bit depth of the first rendering mode may be
referred to as a first bit depth, and bit depth of the second rendering mode may be referred to as a
second bit depth. For example, the second bit depth may be 12 bit, 10 bit, and 8 bit...etc. The
first bit depth may be 6 bit...etc. The examples listed here are only for illustration purposes, and
the bit depth may be selected based on requirement as long as the second bit depth is higher than
the first bit depth.

[0047] In one embodiment, as shown in FIG. 1, in step S3, the data of the first rendering
mode sample image and the second rendering mode sample image are transmitted from a
processor of the renderer to a display apparatus in order for a driver IC (Driver IC) of the display
apparatus to receive and drive the display screen of the display apparatus to display the
processed image, as shown in step S4 of FIG. 1. It should be noted that step 4 is not a step of the
rendering method provided by embodiments of the present disclosure. It is merely a related

process to the rendering method according to the embodiments of the present disclosure.

[0048] The rendering method in the embodiments of the present disclosure can realize

real-time display of high-quality images satisfying the user's viewing requirements without
9
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reducing the output image resolution, bit depth or refreshing rate that can be apparently
perceived by the user, thereby avoiding adverse effect on display quality by reducing image

quality or refreshing rate.

[0049] In the embodiments of the present disclosure, the image rendering method is
configured to render the target region at a high-image resolution. However, because the cone
concentration of human retina for observing color is different than those for observing the details,
the human eye normally can perceive only the details of a gazing area and noticeability of the
area beyond 5° of the gaze area is gradually decreased. As such, the above-mentioned image
rendering method does not affect the image characteristics such as definition of the image that is

being observed by the human eyes. As a result, the excellent quality of the display is ensured.

[0050] At present, the related art utilizes a method lowering the refreshing rate to display
real-time high quality image. However, this method can cause vertigo. On the other hand, the
present disclosure does not lower the refreshing rate, thereby avoiding the problem of vertigo by

a uscr.

[0051] In some embodiments, when the image resolution is the image rendering feature,
performing the first rendering mode to the entire display region includes rendering the entire
display region at the first image resolution. Performing the second rendering mode to the target
region includes rendering the target region at the second image resolution. The number of pixels
per unit area corresponding to the first image resolution is about 1/4 to 1/3 of the number of

pixels per unit area corresponding to the second image resolution.

[0052] In some embodiments, the first image resolution is selected as long as that it is not
apparent to the human eyes that the boundary of the target region and the non-target region and
the region beyond the target region are blurred. For example, the first image resolution is 1/4 to

1/3 of the image resolution of the display screen displaying the image.

[0053] In some embodiments, as shown in FIG. 2, determining the target region of the

entire display region includes the following steps:

10



=

w

w0 d oy U

11
12
13

14
15
16

17
18
19
20
21

22
23
24

25
26

WO 2019/184251 PCT/CN2018/104350

[0054] In step S21, a center point of the target region in the entire display region is
determined, and a ratio of the area of the target region to the area of the entire display region is

determined.

[0055] In one embodiment, the center point of the entire display region is determined as
the center point of the target region, thereby lowering the amount of computation required to
determine a location of the target region. Furthermore, because normally the human eyes first
focus on the center of the image when observing an image, setting the center point of an entire
display region as the center point of the target region does not cause an adverse effect on the

sharpness of an image that is being perceived by the human eyes.

[0056] In one embodiment, in order to improve display quality, a user’s gaze point on the
entire display region is set as the center point of the target region. As such, this method is more
targeted when rendering high-quality images of the target region, so that the sharpness perceived

by the user viewing the image remains stable.

[0057] In one embodiment, an eye-tracking system is used to track a user’s gaze point on
the entire display region, and based on the result of the eye-tracking system, the center point of

the target region is set.

[0058] In one embodiment, in the above-mentioned step S21, the ratio of the area of the
target region to the area of the entire display region is set so that it is not apparent to the user’
eyes that the boundary between the target region and the non-target region and the region beyond
the target region area are blurred. In one embodiment, the area of the target region is set as about

1/4 to 1/3 of the area of the entire display region.

[0059] In step S22, a location of the target region in the entire display region is calculated
based on the center point of the target region and the ratio of the area of the target region to the

area of the entire display region.

[0060] In some embodiments, the center point of the entire display region is selected as

the center point of the target region and the ratio of the area of the target region to the area of the

11
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entire display region is set as 1:n . In the above-mentioned step S22, calculating the location of

the target region in the entire display region includes the following:
[0061] A field of the view a of the camera for the entire display region is obtained;

[0062] A field of view B of the camera for the target region is calculated by inputting the

parameter n and o into equation (1):

[0063] A location of the target region in the entire display region is calculated using the

obtained field of view B of the camera for the targeted region.

[0064] Here, the term “camera” is a camera of the renderer that provides viewable scenes
during the rendering process such as an orthogonal projection camera or a perspective projection

camera.

[0065] In some embodiments, the user’s gaze point on the entire display region is set as
the center point of the targeted region, 1:n is set as the ratio of the area of the target region to the
area of the entire display region. In the above-mentioned step S22, calculating the location of the

target region in the entire display region includes the following:

[0066] Coordinates of the user’s gaze point (Zx, Zy) are obtained, for example, through
the eye-tracking system. Furthermore, near clipping distance Ape, and far clipping distance Ay
of the camera for the entire display region, left field of view Bies, right field of view Brign:, upper
field of view By, and bottom field of view Baown Of the camera for the target region are obtained.
Based on the 1:n ratio of the area of the target region to the area of the entire display region, a

range of Zx , -m<Z,<m, and a range of Zy,-m<Zy<m are obtained.

[0067] The boundary values of the target region are obtained by substituting the obtained

parameters into equation 2 below:

12
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Near clipping distance: Zyear =Anear

Far clipping distance: Zg,=Ag,

Left boundary of near clipping plane: Zieg=Zear X tanPies X 1/n x ((2 X Zy-m)/m)
Right boundary of near clipping plane: Ziign=Znear X tanPrigne X 1/n x ((2 X Z+m)/m)
Up boundary of near clipping plane: Zy,=Zpear X tanPy, x 1/n x ((2 x Zy+m)/m)

Down boundary of near clipping plane: Ziown=Znear X tanPaown X 1/n x ((2 X Zy-m)/m)

[0068] Parameters of projection matrix of the targeted region are obtained by substituting

the obtained boundary values of the targeted region into equation 3:

X = 2 x Znea.r/( Zright -Zleft)
y = 2 X Znea.r/( Zup -Zdown)
a = (Zright +Zleft)/ ( Z -Z,)
[0069] b :(Zup-I-Zdom)/(Zup-Zdown) ...(3);
¢ = -( Zfa.r +Znea.r)/( Zfa.r _Znea.r)
d = -(20 X Zfa.r X Znea.r)/( Zfa.r _Znear)
e =-1
[0070] Projection matrix Z,, of the target region is obtained by substituting the obtained

parameters of the projection matrix of the targeted region into equation 4:

[0071] Z

S O O ™M

().

m

S O < O
o a0 o O

a
b
c
e

[0072] It should be noted that once the projection matrix Z, of the target region has been
obtained, a target region may be obtained from anywhere in the entire display region that can
display the full target region based on the obtained Z,, Therefore, the above-described method
does not limit the target region to be only at the center point of the entire display region, but the
target region may be at any location of the entire display region that can display the full targeted

region.
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[0073] In some embodiments, the size and location of the target region is adjusted by

adjusting the parameters of the renderer.

[0074] For example, the asymmetry issue between the top field of view and the bottom
field of view and/or the left field of view and the right field of view may be adjusted by setting a
user’s gaze point on a display screen of a head-mounted display apparatus as the center point of
the target region in order to overcome the discomfort caused by the asymmetry of the left and

right field of views and/or the upper and the lower field of views.

[0075] The method of obtaining the projection matrix to obtain the target region from
any location of the entire display region which can display the full targeted region is also
applicable when the center point of the entire display region is set as the center point of the target
region.

[0076] After the location of the target region is set in the entire display region, high-
quality rendering of the target region can start.

[0077] In some embodiments, as shown in FIG. 2, step S2 includes the following steps:

[0078] In step S23, the target region is rendered using the second rendering mode to

obtain a second rendering mode sample image.

[0079] In one embodiment, in the above-mentioned step S23, when the image resolution
is the image rendering feature, the DPI (pixels per inch) of the target region is selected to be the
same as that of the display screen of the display apparatus to calculate the second image

resolution.

[0080] In some embodiments, in the above-mentioned step S23, when bit depth is the
image rendering feature, the bit depth of the target region is selected to be the same as that of the

display screen of the display apparatus.

[0081] In some embodiment, as shown in FIG. 2, as a possible implementation, step S3

can includes the following steps:
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[0082] In step S31, the first rendering mode sample image and the second rendering

mode sample image are spliced together.
[0083] In step S32, the spliced image is transmitted.

[0084] In some embodiments, splicing the first rendering mode sample image and the
second rendering mode sample image includes superimposing the second rendering mode sample

image onto a corresponding region of the first rendering mode sample image.

[0085] In some embodiments, when the rendering result of the rendering method of any
of the above embodiments is transmitted to the display apparatus, the entire display region to be

rendered corresponds to a monocular image of the display screen of the display apparatus.

[0086] In some embodiments, an image rendering feature of the first rendering mode
sample image is smaller than a display index of the corresponding image of the display screen.
An image rendering feature of the second rendering mode sample image is equal to the display

index of the corresponding image of the display screen.

[0087] In some embodiments, the image rendering feature includes image resolution.
The number of pixels per unit area corresponding to the first image resolution of the first
rendering mode is less than that corresponding to the monocular display resolution of the display
screen. The number of pixels per unit area corresponding to the second image resolution of the
second rendering mode is equal to that corresponding to the monocular display resolution of the

display screen.

[0088] Furthermore, the image display index includes physical display parameters of the
display screen such as display resolution, physical bit depth, etc.

[0089] In some embodiments, the display apparatus includes a binocular head mounted
display apparatus. For a 3D virtual scene, the data being transmitted in step S3 includes a left-
eye image and a right-eye image. Therefore, the spliced image includes a first image resolution
rendering sample image of the left eye, a second image resolution rendering sample image of the

left eye, a first image resolution rendering sample image of the right eye, and a second image
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resolution sample rendering image of the right eye. The four rendering images can be spliced

into one image, which is then transmitted in one time.

[0090] In some embodiments, the display apparatus includes a binocular head mounted
display apparatus. For a 3D virtual scene and the image rendering features include bit depth, the
spliced image includes a first bit depth rendering sample image of the left eye, a second bit depth
rendering sample image of the left eye, a first bit depth rendering sample image of the right eye,
and a second bit depth rendering sample image of the right eye. The four rendering images can

be spliced into one image, which is then transmitted in one time.

[0091] In some embodiments, after various regions have been rendered, and various
images are spliced and transmitted, the display apparatus displays the received image data, that is,

Step S4.
[0092] In some embodiments, step S4 as shown in FIG. 2 includes the following steps:

[0093] In step S41, the data of the first rendering mode sample image and the second

rendering mode sample image is obtained.

[0094] In step S42, the size of the first rendering mode sample image is adjusted to the
full size of the display screen of the display device.

[0095] In step S43, the second rendering mode sample image is superimposed onto the

stretched first rendering mode sample image.
[0096] In step S44,the superimposed image is transmitted to the display apparatus.

[0097] The above-mentioned steps S41-S44 can be performed through an integrated logic
operation circuit, for example, a processor of the display apparatus. Through the above-
mentioned steps S41-S44, the image displayed on the display screen finally shows that the target
region has a higher definition, and the display regions other than the target region have a lower
definition. Because the human eyes can perceive only the details of a gaze area and the
perception of area that is beyond 5° of the user’s gaze area is gradually reduced. Therefore, a

user would not be aware of the apparent definition loss of the display image.
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[0098] Here, it should be noted that, the above-mentioned steps S41-44 can be performed
by one or more processors, such processors can be integrated into one computer product (for
example, such computer product connects to an external display apparatus), and also can be
integrated into a driver controller of the display apparatus having a logical operation processing

function.

[0099] The following describes a rendering method according to one embodiment of the

present disclosure using the image resolution as an example.

[00100] In step S1°, the display resolution of a monocular image of a display screen is
4320X4800. The entire display region is rendered at a display resolution of 1080x1200 to
generate a first image resolution sample image having a display resolution of 1080 x1200 as
shown in FIG. 3. In one embodiment, during the rendering at a low image resolution, the entire
display region is compressed 1/4 longitudinally and 1/4 horizontally. The first image resolution

sample image corresponds to the first rendering mode sample image.

[00101] In step S2°, a center region of the entire display region is determined as the target
region, and the determined targeted region is rendered at a display resolution of 1080 x 1200 to
generate a second image resolution rendering sample image having a 1080 x 1200 display
resolution, as shown in FIG. 4. In one embodiment, in high image resolution rendering, the target
region is 1/4 horizontally and 1/4 vertically of the entire display region. The second image
resolution rendering sample image has a same pixel density per unit area as the monocular image
of the display screen. The second image resolution rendering corresponds to the second

rendering mode sample image.

[00102] In one embodiment, in the above-mentioned step S2°, the method of calculating
the location of the target region includes the following: setting a as the field of view (fov) of the
camera for the entire display region; set B as the fov of the camera for the target region, set 1:n
(here, n=16) as the ratio of the area of the target region to the area of the entire display region.
The relationship between the fovs of the cameras for the targeted region and the entire display

B

tan(;)

region is tan (a) = . According to the equation, 3 can be calculated using the known a, and

2
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n. In one embodiment, when the fov a of the camera of the entire display region is 90° and the
ratio between the area of the target region to the entire display region is 1:16, the fov 8 of the
target region is 28.07°. Furthermore, the position of the target region in the entire display region

can be obtained based on the acquired fov B of the target region.

[00103] In step S3’: the first image resolution rendering sample image that is generated at
the low image resolution rendering and the second image resolution rendering sample image that

is generated at the high image resolution rendering are spliced together.

[00104] In one embodiment, taking the head mounted display as an example, in the
spliced image as shown in FIG. 5, the upper left corner is the image of the target region of the
corresponding left eye, that is, the second image resolution rendering sample image of the left
eye. The lower left corner is the image of the entire display region of the corresponding left eye,
that is, the first image resolution rendering sample image of the left eye. The upper right corner is
the image of the target region of the corresponding right eye, that is, the second image resolution
rendering sample image of the right eye. The lower right corner is the image of the entire display
region of the corresponding right eye, that is, the first image resolution rendering sample image
of the right eye. The spliced image is then transmitted. Because the display resolution of each of
the four rendering images is 1080x1200, the display resolution of the spliced image is 2160 x
2400. In comparison, the amount of data being transmitted according to the embodiment of the
present disclosure is only 1/8 of the data being transmitted in the method of rendering both the
left eye and the right eye images at a high display resolution of 4320 x 4800. Therefore, the
embodiment of the present disclosure provides an image rendering method that significantly

reduces the rendering workload and the amount of data being transmitted.

[00105] In some embodiments, splicing the images and driving the display screen of the

display device to display includes the following steps:

[00106] In step S4°, the monocular first image resolution rendering sample image is
stretched to cover the size of the entire display screen of the display device. Then, the monocular
second image resolution rendering sample image is superimposed on the stretched monocular

first image resolution rendering sample image to form a monocular image. FIG. 6 shows the
18
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final monocular image. The center region of the final monocular image is the target region 2 that
has been rendered at a high image resolution, and the region around the center region is the non-

target region 1 that has been rendered at a low image resolution.

[00107] As shown in FIG. 7 which is a partially zoomed-in image of FIG. 6, it can be
clearly seen that the definition of the target region 2 is higher than the definition of the non-

targeted region.

[00108] In some embodiments, the present disclosure provides a computer program
product. Such computer program product performs as a renderer, which is programed to perform
computer operating instructions to run on a processor and cause the processor to perform the

rendering method of an embodiment of the present disclosure.

[00109] As shown in FIG. 8, the renderer includes a first rendering module 10, a second
rendering module 20, and a data transmission module 30. The first rendering module 10 and the

second rendering module 20 are respectively connected to the data transmission module 30.

[00110] In one embodiment, the first rendering module 10 is configured to render the
entire displaying region by the first render mode to obtain a first rendering mode sample image.
The image rendering steps of the first rendering module can refer to the related description in the

foregoing rendering method, and the description thereof is not repeated here.

[00111] In one embodiment, the second rendering module 20 is configured to render the
target region of the entire display region by the second rendering mode to generate a second
rendering mode sample image. The image rendering steps of the second rendering module can
refer to the related description in the foregoing rendering method, and the description thereof is

not repeated here.

[00112] In one embodiment, the data transmission module 30 is configured to transmit
data of the first rendering mode sample image and the second rendering mode sample image. As
shown in FIG. 8, as a possible implementation, the data transmission module 30 includes: an
image splicing unit 31 and a spliced image transmission unit 32. The image splicing unit 31 is

configured to splice together the first rendering mode sample image and the second rendering
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mode sample image. The spliced image transmission unit 32 is configured to transmit the spliced

image to the display screen of the display apparatus.

[00113] The above-described renderer can reduce the rendering workload and the amount
of data to be transmitted. Therefore, the renderer can better satisfy the high-quality display needs
and a higher quality of real-time display is realized. In addition, the human eyes would not

apparently perceive the reduced definition of the image that has been rendered.

[00114] It should be noted that the above-described renderer of an embodiments of the
present application can be implemented with a computer software program. The described

instruction can also be implemented by integrating into a hardware circuit.

[00115] One embodiment of the present disclosure further provides a computer readable
storage medium. The foregoing programs may be stored in the computer readable storage
medium. When the program is executed, one or more of the foregoing rendering steps are

performed.

[00116] As shown in FIG. 8, one of the embodiments of the present disclosure provides a
computer product 500, which includes one or more processors 502. The one or more processors
are configured to execute computer instructions to perform one or more steps of the forgoing

rendering method according to one embodiment of the present disclosure.

[00117] Optionally, the computer product 500 includes a storage 501 that connects to

processor 502. The storage is configured to store commands of the computer instruction.

[00118] The storage 501 can be implemented by any type of volatile or non-volatile
storage device or a combination therefor, such as static random-access memory (SRAM),
electrically erasable programmable read-only memory (EEPROM), erasable programmable read-
only memory (EPROM), read-only memory (ROM), magnetic memory, flash memory, disk, or
optical disk.

[00119] In one embodiment, the processor 502 is a central processing unit (CPU) or a
field-programmable logic array (FPGA) , a microcontroller (MCU), a digital signal processor

(DSP), an application- specific integrated circuit (ASIC), or a graphics processing unit (GPU)
20
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having processing power and/or program execution capability. One or more processors may be
configured to form a processor group to simultaneously execute the above-described rendering
method. Alternatively, some of the processors perform partial steps of the above-described
rendering method, and some of the processors perform other partial steps of the above-described

rendering methods.

[00120] The computer readable program instructions may be loaded onto a computer,
other programmable data processing apparatus, or other device to cause a series of operational
steps to be performed on the computer, other programmable apparatus or other device to produce

a computer implemented process.

[00121] The computer product 500 can be connected to various input devices (such as a
user-interface, a keyboard, etc.), various output devices (such as speakers, network cards, etc),
and display apparatuses to achieve the interaction of computer products with other products or

users exchanges, and the description thereof will not be repeated here.

[00122] Wherein, the connection may be through a network connection, such as a wireless
network, a wired network, and/or any combination of a wireless network and a wired network.
The network may include a local area network, the internet, a telecommunications network
(Internet of Things), and/or any combination of the above-networks, etc. The wired network can
communicate by means of twisted pair, coaxial cable or optical fiber transmission. A wireless
communication network such as 3G/4G/5G mobile communication network, Bluetooth, Zigbee

or Wi-Fi can be used.

[00123] Embodiments of the present disclosure also provide a display apparatus including
a display screen. The display apparatus is connected to the computer product of the above
embodiments and the data transmission apparatus. The computer acquires and renders the entire
display image to be rendered and displayed, the data transmission apparatus receives the output

from the computer and transmits the data to the display apparatus to display the image.
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[00124] The computer product can be separated from the display apparatus or integrated
into the display apparatus. The image to be rendered may be provided by the separated computer
product or the integrated display apparatus.

[00125] In one embodiment, the data transmission apparatus is coupled to the display
driving circuit of the display screen. For example, the interface of the data transmission
apparatus connects to the connector of the display screen, such as video graphics array (VGA),
digital visual interface (DVI), high-definition multimedia interface (HDMI), and display port
(DP), etc.

[00126] In one embodiment, the data transmission apparatus is a display connection cable

connecting to the display screen interface.

[00127] In one embodiment, the data transmission apparatus is a display signal transceiver
based on wireless implementation, for example, the wireless display transceiver capable of
performing display functions such as Air Play, digital living network alliance device (DLNA),
Miracast, wireless display (WiDi), and Chromecast.

[00128] In one embodiment, the display apparatus connects or integrates with one or more
sensors, and the sensor connects to the processor. The sensor is configured to track and

determine the gaze point of the user, and the processor acquires the gaze point of the user.

[00129] In one embodiment, the processor of the computer product is configured to
acquire a size of a display screen and to convert the first rendering mode sample image to cover

the size of the display screen.

[00130] In some embodiments, the display apparatus is a head mounted display apparatus
including, but not limited to, head mounted display apparatus for VR, AR, MR, and CR, etc.

[00131] The principle and the embodiment of the present disclosures are set forth in the
specification. The description of the embodiments of the present disclosure is only used to help
understand the method of the present disclosure and the core idea thereof. Meanwhile, for a
person of ordinary skill in the art, the disclosure relates to the scope of the disclosure, and the

technical scheme is not limited to the specific combination of the technical features, and also
22
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should covered other technical schemes which are formed by combining the technical features or
the equivalent features of the technical features without departing from the inventive concept.
For example, technical scheme may be obtained by replacing the features described above as

disclosed in this disclosure (but not limited to) with similar features.
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CLAIMS

What is claimed is:

L. An image rendering method for a computer product coupled to a display

apparatus, comprising:

rendering an entire display region of the display apparatus with a first rendering mode to

generate a first rendering mode sample image;
determining a target region in the entire display region;

rendering the target region with a second rendering mode to generate a second rendering

mode sample image; and

transmitting data of the first rendering mode sample image and the second rendering

mode sample image,

wherein the second rendering mode comprises at least a value of an image rendering

feature that is higher than that of the first rendering mode.

2. The image rendering method according to claim 1, wherein the image rendering

feature comprises at least one of image resolution or bit depth.

3. The image rendering method according to claim 2, wherein rendering the entire
display region with the first rendering mode comprises rendering the entire display region at a
first image resolution; rendering the target region with the second rendering mode comprises
rendering the target region at a second image resolution; and a number of pixels per unit area
corresponding to the first image resolution is about 1/4 to 1/3 of a number of pixels per unit area

corresponding to the second image resolution.

4. The image rendering method according to claim 1, wherein determining the target

region in the entire display region comprises:

determining a center point of the target region in the entire display region of the display

apparatus;
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determining a ratio of an area of the target region to an area of the entire display region;

obtaining a location of the target region in the entire display region based on the center
point of the target region and the ratio of the area of the target region to the area of the entire

display region.

5. The image rendering method according to claim 4, wherein determining the target
region in the entire display region comprises:
determining a center point of the entire display region as the center point of the target
region;
determining the ratio of the area of the target region to the area of the entire display

region as 1:n;
obtaining a field of view a of an camera for the entire display region;

calculating a field of view 3 of an camera for the target region using an equation below:

B
t s
tan (E) = an(2); and
2 n

calculating a location of the target region in the entire display region based on the

calculated field of view  of the camera for the target region.

6. The image rendering method according to claim 4, determining the target region
in the entire display region comprising:

determining a user’s gaze point in the entire display region as the center point of the
target region is;

determining the ratio of the area of the target region to the area of the entire display

image as 1:n;

obtaining coordinates of the gaze point (Zx, Zy); near clipping distance Ape, and far
clipping distance Ag, of an camera for the entire display region; left field of view By, right field

angle Brign:, top field of view By, bottom field of view PByown 0f an camera for the target region;

obtaining a range of Zx as -m<Zx<m and a range of Zy, -m<Zy<m based on the 1:n
25
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ratio of area of the target region to the area of the entire display region;

obtaining boundary values of the target region according to below equations:

Near clipping distance: Zpea, =Apear

Far clipping distance: Zgp=Ag;

Left boundary of near clipping plane: Zieg=Zear X tanPien X 1/n X ((2 x Zy-m)/m);
Right boundary of near clipping plane: Zign=Znear X tanPrigne X 1/ x ((2 x Z,m)/m);
Up boundary of near clipping plane: Zy,=Zear X tanfy, x 1/n x ((2 x Z,m)/m);

Down boundary of near clipping plane: Zjown=Znear X taPaown X 1/ x ((2 X Zy-m)/my);

obtaining parameters of projection matrix of the target region based on the obtained

boundary values of the target region according to below equations:

X =2XZ 0 / ( Zright -Zleft)

y=2x an/( 2L o)

a = (Zright +Z,.) / ( Z Zy)

b =(Z, +Zd0wn)/( Z, )

¢ =(ZeptZ, D [(Zii-Z, 0

d =-20xZ, *xZ J/Z.-Z..>
e =-1

obtaining the projection matrix Z,, of the target region based on the obtained parameters

of the projection matrix of the target region:

S O < O

a
b
c
e

o a0 o O

7. The image rendering method according to claim 1, wherein the ratio of the area of

the target region to the area of the entire display region is about 1/4 to 1/3.

8. The image rendering method according to any one of claims 1 to 7, wherein
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transmitting the data of the first rendering mode sample image and the second rendering mode

sample image comprises:

splicing together the first rendering mode sample image and the second rendering mode

sample image to obtained a spliced image; and
transmitting the spliced image.

9. The image rendering method according to claim 8, wherein splicing the first

rendering mode sample image and the second rendering mode sample image comprises:

superimposing the second rendering mode sample image on a corresponding area of the

first rendering mode sample image.
10. The image rendering method according to claim 3,

wherein the entire display region to be rendered corresponds to a monocular image of a

display screen of the display apparatus.

I1. The image rendering method according to claim 10, wherein the image rendering

feature comprises at least one of image resolution or bit depth;

the image rendering feature of the first rendering mode sample image is smaller than a

display index of a corresponding image of the display screen; and

the image rendering feature of the second rendering mode sample image equals to a

display index of the corresponding image of the display screen.

12. The image rendering method according to claim 10, wherein the image rendering

feature comprises the image resolution;

a number of pixels per unit area corresponding to the first image resolution of the first
rendering mode is smaller than a number of pixels per unit area corresponding to a display

resolution of the monocular image of the display screen; and

a number of pixels per unit area corresponding to the second image resolution of the

second rendering mode equals to the number of pixels per unit area corresponding to the display
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resolution of the monocular image of the display screen.

13. The image rendering method according to claim 12, wherein the display apparatus

is a binocular head mounted display apparatus;

the first rendering mode sample image comprises a first image resolution rendering
sample image of a left eye and a first image resolution rendering sample image of a right eye;

and

the second rendering mode sample image comprises a second image resolution rendering

sample image of a left eye and a second image resolution rendering sample image of a right eye.

14. A computer product, comprising one or more processors, the one or more processors

is configured to implement the image rendering method according to any one of claims 1 to 13.

15. The computer product of claim 14, comprising a first rendering module and a second

rendering module,

wherein the first rendering module is configured to render the entire displaying region of
the display apparatus by the first render mode to obtain the first rendering mode sample image;

and

the second rendering module is configured to render the target region of the entire display
region of the display apparatus by the second rendering mode to generate the second rendering

mode sample image.

16. The computer product of claim 15, further comprising a data transmission module,
the data transmission module comprising an image splicing unit and a spliced image

transmission unit;

wherein the image splicing unit is configured to splice together the first rendering mode
sample image and the second rendering mode sample image and the spliced image transmission

unit is configured to transmit the spliced image to a display screen of the display apparatus.

17. A display apparatus, coupling to the computer product according to any one of
claims 14-16.
28
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18. The display apparatus according to claim 17, further comprising one or more

sensors configured to track and determine a user’s gaze point.

19. The display apparatus according to claim 17, wherein the computer product is
configured to obtain a size of the display screen of the display apparatus, and adjust a size of the

first rendering mode sample image to cover the size of the display screen.

20. The display apparatus according to claim 17, wherein the display apparatus is a
head mounted display apparatus.
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