PANORAMIC IMAGE COMPRESSION METHOD AND APPARATUS

The present application claims the priority to a Chinese patent application No.
201611248836.9, filed before the State Intellectual Property Office of PRC on December
29, 2016 and entitled "PANORAMIC IMAGE COMPRESSION METHOD AND

APPARATUS", which is incorporated herein by reference in its entirety.

TECHNICAL FIELD

The present application relates to the technical field of image processing, and

particularly to a panoramic image compression method and device.

BACKGROUND

In recent years, with rapid development of VR (Virtual Reality), various hardware and
software used in VR have appeared one after another. Among them, panoramic video VR
has become the focus of the technological research and development and product
innovation, is widely applied in many areas such as virtual cinemas, panoramic games,
panoramic education, panoramic medical therapy, panoramic tourism, and have broad

prospects and great economic value.

Panoramic videos usually require to capture panoramic images with ultra high
resolutions over 4K, so that content of partial viewing angle of users can be clearly
displayed in players. Since panoramic images with ultra high resolutions over 4K have
large number of pixels over 3840x1920, which brings a challenge of large data sizes to the
storage, compression, transmission, decoding and rendering of panoramic images. Besides,
panoramic images encompass full angle pictures, but users only can view image content in
a limited angle of view due to the limitation of human eyes when viewing. Generally
speaking, in a panoramic image, the pixels of the display area occupy only one eighteenth
of all pixels of the panoramic image in the video content of the limited angle of view that

the human eye sees.

In the prior art, in the compression of a panoramic image, if the compression rate is

high, the panoramic image will be unclear when viewed by users, but if the compression



rate is not high, the panoramic image will be too large and is not advantageous for the
storage, transmission and decoding. Overall, the compression of panoramic images and the

definitions thereof when viewed by users can not be guaranteed at the same time.

CONTENTS OF THE INVENTION

Embodiments of the present application aim to provide a panoramic image
compression method and device, which improve the definition of a part of images at a main
viewing angle of users while guarantee a higher compression rate by non-uniform sampling
and compression of a source panoramic image. The specific technical solutions are as

follows.

Embodiments of the present application disclose a panoramic image compression

method, comprising:

obtaining a first spherical model formed by a first panoramic image to be compressed,
wherein there is a correspondence between plane 2D rectangular coordinates of all pixels in

the first panoramic image and coordinates in the first spherical model;

generating a second spherical model in the first spherical model according to a main
view image of an user, wherein the second spherical model is contained in the first
spherical model, the spherical center of the second spherical model is located between the
spherical center of the first spherical model and the main view image of the user, the radius
of the second spherical model is smaller than the radius of the first spherical model, and the
main view image of the user is a partial image of the first panoramic image that is viewed

mainly by the user;

establishing a first mapping relationship between plane 2D rectangular coordinates in
a second panoramic image and plane 2D rectangular coordinates in the first panoramic
image, wherein the second panoramic image is a panoramic image obtained by unfolding
the second spherical model, and there is a correspondence between plane 2D rectangular
coordinates in the second panoramic image and coordinates in the second spherical model;

and

sampling, from the first panoramic image, pixels corresponding to plane 2D



rectangular coordinates in the second panoramic image according to the first mapping
relationship to constitute the second panoramic image containing the pixels, so as to realize

the compression of the first panoramic image.

Optionally, generating a second spherical model in the first spherical model according

to a main view image of users comprises:

determining the radius of the second spherical model according to a preset resolution

of the second panoramic image; and

determining a location of the spherical center of the second spherical model in the first

spherical model according to the main view image of the user.

Optionally, establishing a first mapping relationship between plane 2D rectangular
coordinates in a second panoramic image and plane 2D rectangular coordinates in the first

panoramic image comprises:

establishing a first correspondence between plane 2D rectangular coordinates of all

pixels in the first panoramic image and coordinates in the first spherical model;

establishing a second correspondence between coordinates in the first spherical model

and coordinates in the second spherical model;

establishing a third correspondence between coordinates in the second spherical model

and plane 2D rectangular coordinates in the second panoramic image; and

correlating plane 2D rectangular coordinates in the second panoramic image to
coordinates in the second spherical model according to the third correspondence,
correlating coordinates in the second spherical model to coordinates in the first spherical
model according to the second correspondence, and correlating coordinates in the first
spherical model to plane 2D rectangular coordinates in the first panoramic image according
to the first correspondence, so as to establish the first mapping relationship between plane
2D rectangular coordinates in the second panoramic image and plane 2D rectangular

coordinates in the first panoramic image.

Optionally, before establishing a second correspondence between coordinates in the

first spherical model and coordinates in the second spherical model, the method further



comprises:

performing coordinate system transformation on a 3D rectangular coordinate system
of the first spherical model when the spherical center of the second spherical model is not
located at x axis of the 3D rectangular coordinate system of the first spherical model,
wherein, the coordinate system transformation comprises: rotating the x axis of the first
spherical model such that the spherical center of the second spherical model is located at

the rotated x axis.

Embodiments of the present application disclose a panoramic image displaying

method, comprising:

obtaining a first spherical model formed by a first panoramic image to be compressed,
wherein there is a correspondence between plane 2D rectangular coordinates of all pixels in

the first panoramic image and coordinates in the first spherical model;

generating a second spherical model in the first spherical model according to a main
view image of an user, wherein the second spherical model is contained in the first
spherical model, the spherical center of the second spherical model is located between the
spherical center of the first spherical model and the main view image of the user, the radius
of the second spherical model is smaller than the radius of the first spherical model, and the
main view image of the user is a partial image of the first panoramic image that is viewed

mainly by the user;

establishing a second mapping relationship between plane 2D rectangular coordinates
of a 2D projection plane and plane 2D rectangular coordinates in the first panoramic image,
wherein the 2D projection plane is a projection plane generated through the second
spherical model, and there is a correspondence between plane 2D rectangular coordinates

of the 2D projection plane and coordinates in the second spherical model; and

sampling, from the first panoramic image, pixels corresponding to plane 2D
rectangular coordinates in the 2D projection plane according to the second mapping
relationship to constitute the 2D projection plane containing the pixels that is viewable

directly by the user.



Optionally, establishing a second mapping relationship between plane 2D rectangular
coordinates of a 2D projection plane and plane 2D rectangular coordinates in the first

panoramic image comprises:

establishing a first correspondence between plane 2D rectangular coordinates of all

pixels in the first panoramic image and coordinates in the first spherical model;

establishing a second correspondence between coordinates in the first spherical model

and coordinates in the second spherical model;

establishing a fourth correspondence between coordinates in the second spherical

model and plane 2D rectangular coordinates of the 2D projection plane; and

correlating plane 2D rectangular coordinates of the 2D projection plane to coordinates
in the second spherical model according to the fourth correspondence, correlating
coordinates in the second spherical model to coordinates in the first spherical model
according to the second correspondence, and correlating coordinates in the first spherical
model to plane 2D rectangular coordinates in the first panoramic image according to the
first correspondence, so as to establish the second mapping relationship between plane 2D
rectangular coordinates of the 2D projection plane and plane 2D rectangular coordinates in

the first panoramic image.

Embodiments of the present application disclose a panoramic image compression

device, comprising:

an obtaining module used for obtaining a first spherical model formed by a first
panoramic image to be compressed, wherein there is a correspondence between plane 2D
rectangular coordinates of all pixels in the first panoramic image and coordinates in the first

spherical model;

a generating module used for generating a second spherical model in the first spherical
model according to a main view image of an user, wherein the second spherical model is
contained in the first spherical model, the spherical center of the second spherical model is
located between the spherical center of the first spherical model and the main view image

of the user, the radius of the second spherical model is smaller than the radius of the first



spherical model, and the main view image of the user is a partial image of the first

panoramic image that is viewed mainly by the user;

a mapping module used for establishing a first mapping relationship between plane 2D
rectangular coordinates in a second panoramic image and plane 2D rectangular coordinates
in the first panoramic image, wherein the second panoramic image is a panoramic image
obtained by unfolding the second spherical model, and there is a correspondence between
plane 2D rectangular coordinates in the second panoramic image and coordinates in the

second spherical model; and

a sampling module used for sampling, from the first panoramic image, pixels
corresponding to plane 2D rectangular coordinates in the second panoramic image
according to the first mapping relationship to constitute the second panoramic image

containing the pixels, so as to realize the compression of the first panoramic image.
Optionally, the generating module is specifically used for:

determining the radius of the second spherical model according to a preset resolution

of the second panoramic image; and

determining a location of the spherical center of the second spherical model in the first

spherical model according to the main view image of the user.
Optionally, the mapping module comprises:

a first corresponding submodule used for establishing a first correspondence between
plane 2D rectangular coordinates of all pixels in the first panoramic image and coordinates

in the first spherical model;

a second corresponding submodule used for establishing a second correspondence
between coordinates in the first spherical model and coordinates in the second spherical

model;

a third corresponding submodule used for establishing a third correspondence between
coordinates in the second spherical model and plane 2D rectangular coordinates in the

second panoramic image; and



a first mapping submodule used for correlating plane 2D rectangular coordinates in the
second panoramic image to coordinates in the second spherical model according to the third
correspondence, correlating coordinates in the second spherical model to coordinates in the
first spherical model according to the second correspondence, and correlating coordinates
in the first spherical model to plane 2D rectangular coordinates in the first panoramic image
according to the first correspondence, so as to establish the first mapping relationship
between plane 2D rectangular coordinates in the second panoramic image and plane 2D

rectangular coordinates in the first panoramic image.
Optionally, the device further comprises:

a selection submodule used for, before the second corresponding submodule
establishing a second correspondence between coordinates in the first spherical model and
coordinates in the second spherical model, performing coordinate system transformation on
a 3D rectangular coordinate system of the first spherical model when the spherical center of
the second spherical model is not located at x axis of the 3D rectangular coordinate system
of the first spherical model, wherein, the coordinate system transformation comprises:
rotating the x axis of the first spherical model such that the spherical center of the second

spherical model is located at the rotated x axis.

Embodiments of the present application disclose a panoramic image displaying device,

comprising:

an obtaining module used for obtaining a first spherical model formed by a first
panoramic image to be compressed, wherein there is a correspondence between plane 2D
rectangular coordinates of all pixels in the first panoramic image and coordinates in the first

spherical model;

a generating module used for generating a second spherical model in the first spherical
model according to a main view image of an user, wherein the second spherical model is
contained in the first spherical model, the spherical center of the second spherical model is
located between the spherical center of the first spherical model and the main view image
of the user, the radius of the second spherical model is smaller than radius of the first

spherical model, and the main view image of the user is a partial image of the first



panoramic image that is viewed mainly by the user;

a mapping establishment module used for establishing a second mapping relationship
between plane 2D rectangular coordinates of a 2D projection plane and plane 2D
rectangular coordinates in the first panoramic image, wherein the 2D projection plane is a
projection plane generated through the second spherical model, and there is a
correspondence between plane 2D rectangular coordinates of the 2D projection plane and

coordinates in the second spherical model; and

a pixel sampling module used for sampling, from the first panoramic image, pixels
corresponding to plane 2D rectangular coordinates in the 2D projection plane according to
the second mapping relationship to constitute the 2D projection plane containing the pixels

that is viewable directly by the user.

Embodiments of the present application disclose an electronic apparatus, which
comprises: a processor, a communication interface, a memory and a communication bus,
wherein the processor, the communication interface and the memory are communicated

with each other via the communication bus;
the memory is used for storing a computer program; and

the processor is used for executing the program stored in the memory, so as to
implement the panoramic image compression method provided by embodiments of the

present application, comprising:

obtaining a first spherical model formed by a first panoramic image to be compressed,
wherein there is a correspondence between plane 2D rectangular coordinates of all pixels in

the first panoramic image and coordinates in the first spherical model;

generating a second spherical model in the first spherical model according to a main
view image of an user, wherein the second spherical model is contained in the first
spherical model, the spherical center of the second spherical model is located between the
spherical center of the first spherical model and the main view image of the user, the radius
of the second spherical model is smaller than the radius of the first spherical model, and the

main view image of the user is a partial image of the first panoramic image that is viewed



mainly by the user;

establishing a first mapping relationship between plane 2D rectangular coordinates in
a second panoramic image and plane 2D rectangular coordinates in the first panoramic
image, wherein the second panoramic image is a panoramic image obtained by unfolding
the second spherical model, and there is a correspondence between plane 2D rectangular
coordinates in the second panoramic image and coordinates in the second spherical model;

and

sampling, from the first panoramic image, pixels corresponding to plane 2D
rectangular coordinates in the second panoramic image according to the first mapping
relationship to constitute the second panoramic image containing the pixels, so as to realize

the compression of the first panoramic image.

Embodiments of the present application disclose an electronic apparatus, which
comprises: a processor, a communication interface, a memory and a communication bus,
wherein the processor, the communication interface and the memory are communicated

with each other via the communication bus;
the memory is used for storing a computer program; and

the processor is used for executing the program stored in the memory, so as to
implement the panoramic image displaying method provided by embodiments of the

present application, comprising:

obtaining a first spherical model formed by a first panoramic image to be compressed,
wherein there is a correspondence between plane 2D rectangular coordinates of all pixels in

the first panoramic image and coordinates in the first spherical model;

generating a second spherical model in the first spherical model according to a main
view image of an user, wherein the second spherical model is contained in the first
spherical model, the spherical center of the second spherical model is located between the
spherical center of the first spherical model and the main view image of the user, the radius
of the second spherical model is smaller than the radius of the first spherical model, and the

main view image of the user is a partial image of the first panoramic image that is viewed
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mainly by the user;

establishing a second mapping relationship between plane 2D rectangular coordinates
of a 2D projection plane and plane 2D rectangular coordinates in the first panoramic image,
wherein the 2D projection plane is a projection plane generated through the second
spherical model, and there is a correspondence between plane 2D rectangular coordinates

of the 2D projection plane and coordinates in the second spherical model; and

sampling, from the first panoramic image, pixels corresponding to plane 2D
rectangular coordinates in the 2D projection plane according to the second mapping
relationship to constitute the 2D projection plane containing the pixels that is viewable

directly by the user.

Embodiments of the present application disclose a computer readable storage medium,
which stores a computer program thereon, and when being executed by a processor, the
computer program implements the panoramic image compression method provided by

embodiments of the present application, comprising:

obtaining a first spherical model formed by a first panoramic image to be compressed,
wherein there is a correspondence between plane 2D rectangular coordinates of all pixels in

the first panoramic image and coordinates in the first spherical model;

generating a second spherical model in the first spherical model according to a main
view image of an user, wherein the second spherical model is contained in the first
spherical model, the spherical center of the second spherical model is located between the
spherical center of the first spherical model and the main view image of the user, the radius
of the second spherical model is smaller than the radius of the first spherical model, and the
main view image of the user is a partial image of the first panoramic image that is viewed

mainly by the user;

establishing a first mapping relationship between plane 2D rectangular coordinates in
a second panoramic image and plane 2D rectangular coordinates in the first panoramic
image, wherein the second panoramic image is a panoramic image obtained by unfolding

the second spherical model, and there is a correspondence between plane 2D rectangular
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coordinates in the second panoramic image and coordinates in the second spherical model;

and

sampling, from the first panoramic image, pixels corresponding to plane 2D
rectangular coordinates in the second panoramic image according to the first mapping
relationship to constitute the second panoramic image containing the pixels, so as to realize

the compression of the first panoramic image.

Embodiments of the present application disclose a computer readable storage medium,
which stores a computer program thereon, and when being executed by a processor, the
computer program implements the panoramic image displaying method provided by

embodiments of the present application, comprising:

obtaining a first spherical model formed by a first panoramic image to be compressed,
wherein there is a correspondence between plane 2D rectangular coordinates of all pixels in

the first panoramic image and coordinates in the first spherical model;

generating a second spherical model in the first spherical model according to a main
view image of an user, wherein the second spherical model is contained in the first
spherical model, the spherical center of the second spherical model is located between the
spherical center of the first spherical model and the main view image of the user, the radius
of the second spherical model is smaller than the radius of the first spherical model, and the
main view image of the user is a partial image of the first panoramic image that is viewed

mainly by the user;

establishing a second mapping relationship between plane 2D rectangular coordinates
of a 2D projection plane and plane 2D rectangular coordinates in the first panoramic image,
wherein the 2D projection plane is a projection plane generated through the second
spherical model, and there is a correspondence between plane 2D rectangular coordinates

of the 2D projection plane and coordinates in the second spherical model; and

sampling, from the first panoramic image, pixels corresponding to plane 2D
rectangular coordinates in the 2D projection plane according to the second mapping

relationship to constitute the 2D projection plane containing the pixels that is viewable



-12-

directly by the user.

A panoramic image compression method and device provided by embodiments of the
present application compress a panoramic image to be compressed into an non-uniform
panoramic image by non-uniformly sampling the panoramic image to be compressed, for a
part of images at a main viewing angle of users, a higher sampling rate is set so as to
guarantee the definitions of images viewed by users, and for the other part of images, a
lower sampling rate is utilized so as to enable a smaller panoramic image after overall
compression and facilitate the storage, transmission and decoding. Of course, any product
or method implementing the present application does not necessarily achieve all the

advantages described above at the same time.

BRIEF DESCRIPTION OF THE DRAWINGS

In order to describe the technical solutions in embodiments of the present application
or in the prior art more clearly, a brief introduction will be given below for the drawings
required for the description of embodiments or the prior art. It is obvious that the drawings
below are for only some embodiments of the present application, and those skilled in the art

can also obtain further drawings based on these drawings without any creative efforts.

Fig. 1 1s a flowchart of a panoramic image compression method provided by

embodiments of the present application;

Fig. 2 is a schematic diagram of an Equirectangular panoramic image provided by

embodiments of the present application;

Fig. 3 is a spherical model transformed from an Equirectangular panoramic image

provided by embodiments of the present application;

Fig. 4 is the range of values of A and ¢ provided by embodiments of the present

application;

Fig. 5 is schematic diagram of generating a second spherical model within a first

spherical model provided by embodiments of the present application;

Fig. 6 is a schematic diagram of the location of the spherical center of a second
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spherical model provided by embodiments of the present application;

Fig. 7 is a schematic diagram of projecting a spherical model into a 2D projection

plane provided by embodiments of the present application;

Fig. 8 is a schematic flowchart of a panoramic image compression method provided by

embodiments of the present application;

Fig. 9 is a structure diagram of a panoramic image compression device provided by

embodiments of the present application.

SPECIFIC MODE FOR CARRYING OUT THE INVENTION

The technical solutions in embodiments of the present application will be described
clearly and completely below in conjunction with the accompanying drawings in
embodiments of the present application. Obviously, the described embodiments are only
some of the embodiments of the present application, rather than all of the embodiments. All
other embodiments obtained based on the embodiments of the present application by those
skilled in the art without doing creative works fall into the protection scope defined by the

present application.

Refer to Fig. 1, which is a flowchart of a panoramic image compression method

provided by embodiments of the present application, comprising:

Step 101, obtaining a first spherical model formed by a first panoramic image to be
compressed, wherein there is a correspondence between plane 2D rectangular coordinates

of all pixels in the first panoramic image and coordinates in the first spherical model.

A panoramic image is an image that can record and present content of a full-angle
viewing angle. In the VR field, the most commonly used panoramic image is a panoramic
image in an Equirectangular (isometric rectangular projection) format. Equirectangular
panoramic images can cover 360° horizontal viewing angle and 180° vertical viewing angle,
thus forming a picture that surrounds the whole scene. Embodiments of the present
application are introduced by using Equirectangular panoramic images as an example.
However, embodiments of the present application are not only used in Equirectangular

panoramic images, panoramic images in other formats can also compressed by the method
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provided by embodiments of the present application.

Refer to Fig. 2, which is a schematic diagram of an Equirectangular panoramic image
provided by embodiments of the present application. Wherein, m is the height of a
panoramic image, n is the width of a panoramic image. Each coordinate in a panoramic

image corresponds to a pixel.

A panoramic image can be transformed into a spherical model, which is equivalent to
a panoramic image covering a complete spherical surface of 360 degrees, all images of the
full viewing angle can be viewed within the spherical model, the radius of the spherical
model can be expressed by formula (1):

R=2 (1)

Wherein, R is the radius of a spherical model, n is the width of a panoramic image,

and m is the PIL.

Refer to Fig. 3, which is a spherical model transformed from an Equirectangular
panoramic image provided by embodiments of the present application. Wherein, point r is
any point on the surface of a spherical model, A represents the longitude of a coordinate in a

spherical model, and ¢ represents the latitude of a coordinate in a spherical model.

Fig. 4 is the range of values of A and ¢ provided by embodiments of the present
application, wherein, the range of values of A is (—m, ), the range of values of ¢ is (— g, g).

On the surface of a spherical model, coordinates of any point can be expressed either
by polar coordinates or by 3D rectangular coordinates. The 3D rectangular coordinates and

spherical polar coordinates can be transformed by the following formula (2):
X, = Rcos A cos ¢;
y, = Rsink cos ¢;
z; = Rsin ¢; 2)

Wherein, xq,y,,2; represent 3D rectangular coordinates of a point on a spherical
model, A represents the longitude in coordinates in a spherical model, ¢ represents the

latitude in coordinates in a spherical model, i.e., polar coordinates in a spherical model, R
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represents the radius of a spherical model. During the application of the above formula,
when the radius R of a spherical model is not multiplied, locations of 3D rectangular
coordinates in a spherical model constituted by a unit circle can be represented, and when
the radius R of a spherical model is multiplied, locations of 3D rectangular coordinates in a

spherical model constituted at a actual size of a panoramic image can be represented.

When a panoramic image is transformed into a spherical model, plane 2D rectangular
coordinates of all pixels in the panoramic image have a correspondence with coordinates in
the spherical model. Specifically, the correspondence between plane 2D rectangular
coordinates in a panoramic image and coordinates in a spherical model can be determined

by the following formula (3):

T

2

Xx=m— (. )m

A+T

y= (G50 3)

Wherein, x, y are plane 2D rectangular coordinates of a pixel in a spherical model, m
is the height of a panoramic image, n is the width of a panoramic image, A represents the
longitude of a coordinate in a spherical model, ¢ represents the latitude in a coordinate in a

spherical model, and 7 is PL

This formula represents the correspondence between plane 2D rectangular coordinates
in a panoramic image and coordinates in a spherical model, if 2D rectangular coordinates in
a panoramic image are known, coordinates in a corresponding spherical model can be
obtained, and similarly if coordinates in a spherical model are known, 2D rectangular
coordinates in a corresponding panoramic image can be obtained as well. Thus, free
transformation can be realized between a panoramic image and a spherical model. Wherein,
coordinates in a spherical model can comprise polar coordinates, or can also be 3D

rectangular coordinates through transformation.

When the first panoramic image is a panoramic image to be compressed, the first
panoramic image can be transformed into a first spherical model by the formula described

above.

Step 102, generating a second spherical model in the first spherical model according to
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a main view image of an user, wherein the second spherical model is contained in the first
spherical model, the spherical center of the second spherical model is located between the
spherical center of the first spherical model and the main view image of the user, the radius
of the second spherical model is smaller than the radius of the first spherical model, and the
main view image of the user is a partial image of the first panoramic image that is viewed

mainly by the user.

Users, when viewing a panoramic image, focus on a part of the image, this part of
image should be retained as much as possible during compression as a main view image of
users, whereas the part of the image that users don't focus on can be compressed greatly.
For example, a panoramic image is a panoramic image of a basketball game, the part that
users focus on is an image related to the game in the playing area, this part is a main view
image of users, and should be compressed as little as possible during compression so as to
ensure the definitions and user experience, whereas the part that users don't focus on, such
as audiences and benches, can have a large compression rate since its definition is not

required to be very high.

Thus, the main view image of users can be obtained in advance for a first panoramic
image. After a first spherical model is obtained, it is also possible to predetermine which

part of a spherical surface the main view image of users is located in.

Refer to Fig. 5, which is schematic diagram of generating a second spherical model
within a first spherical model provided by embodiments of the present application, wherein,
a second spherical model 502 is contained in a first spherical model 501, it is known that
the image that users view at a main viewing angle locates in the upper half circle of the first
spherical model, i.e., the image that users view at a main viewing angle corresponds to the
top of the first spherical model 501, as a result, the spherical center of the second spherical
model 502 locates between the spherical center of the first spherical model 501 and the top

of the first spherical model 501.

Step 103, establishing a first mapping relationship between plane 2D rectangular
coordinates in a second panoramic image and plane 2D rectangular coordinates in the first

panoramic image, wherein the second panoramic image is a panoramic image obtained by
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unfolding the second spherical model, and there is a correspondence between plane 2D
rectangular coordinates in the second panoramic image and coordinates in the second

spherical model.

A panoramic image and a spherical model can be mutually transformed based on
formula (3) in step 101, thus a second spherical model, after generated, can be transformed
into a second panoramic image, which, however, is only obtained by coordinate
transformation of the second spherical model and only contains coordinates of pixels
instead of specific values of pixels. A second panoramic image transformed from a second
spherical model can be a blank panoramic image not containing pixels, and can also be a
virtual logic panoramic image as long as the correspondence between the logic plane 2D
rectangular coordinates in the second panoramic image and coordinates in the second

spherical model is established.

After a second spherical model is generated within a first spherical model, it is
possible to determine the mapping projection relationship between coordinates in the first
spherical model and coordinates in the second spherical model, i.e., one point of
coordinates in the second spherical model must correspond to one point of coordinates in

the first spherical model.

By the mapping projection relationship between coordinates in the second spherical
model and coordinates in the first spherical model as well as the mutual transformation
relationship between a panoramic image and a spherical model, it is possible to establish a
first mapping relationship between plane 2D rectangular coordinates in the second
panoramic image and plane 2D rectangular coordinates in the first panoramic image.
Regarding each point in the second panoramic image, it is possible to obtain a point of

coordinates in a first panoramic image corresponding thereto.

Step 104, sampling, from the first panoramic image, pixels corresponding to plane 2D
rectangular coordinates in the second panoramic image according to the first mapping
relationship to constitute the second panoramic image containing the pixels, so as to realize

the compression of the first panoramic image.

After the first mapping relationship is established, corresponding target coordinates in
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the first panoramic image can be found according to coordinates of each pixel in the second
panoramic image, and the pixel value of a pixel corresponding to the target coordinates in
the first panoramic image can be sampled and filled into the second panoramic image.
Coordinate point of each pixel in the second panoramic image is sampled once so as to

constitute the second panoramic image containing pixel values of pixels.

The radius of the second spherical model is smaller than that of the first spherical
model, thus the second panoramic image is smaller than the first panoramic image, i.e.,
total pixels of the second panoramic image is less than those of the first spherical model,

realizing the compression of the first panoramic image.

The spherical center of the second spherical model is close to the main view image of
users, referring to Fig. 5, in which the second spherical model 502 has two regions, i.e.,
region 1 and region 2. Region 1 and region 2 have the same area on the second spherical
model 502, but corresponding first spherical models 502 have obviously different areas,
region 1 corresponds to a smaller area, whereas region 2 corresponds to a larger area. When
the second spherical model is transformed into the second panoramic image, region 1 and
region 2 have a same area on the second panoramic image, i.e., have the same number of
pixels. However, when sampling, sampling of the part corresponding to region 1 on the first
panoramic image is performed densely whereas sampling of the part corresponding to
region 2 on the first panoramic image is performed sparsely. And the part corresponding to
region 1 is a main view image of users, so as to ensure a smaller compression rate for the
main view image of users and a larger compression rate for the other part, realizing a

non-uniform compression.

Of course, in embodiments of the present application, if the spherical center of the
second spherical model 502 coincides with that of the first spherical model 501, an uniform

compression of the first panoramic image can be realized.

In embodiments of the present application, through pixel sampling the first panoramic
image according to coordinates in the second panoramic image after generating, within the
first spherical model, the asymmetric second spherical model that is close to images at a

main viewing angle of users and transforming the second spherical model into the second
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panoramic image, non-uniform compression of the first panoramic image can be realized,
during which a higher sampling rate is utilized for images at a main viewing angle of users
so as to ensure the definitions of the images at a main viewing angle of users and a lower
sampling rate is utilized for the other images so that the second panoramic image
compressed by the first panoramic image is smaller, which facilitates the storage,

transmission and decoding of panoramic image files.

Optionally, in a panoramic image compression method provided by embodiments of
the present application, generating a second spherical model within the first spherical

model according to a main view image of users, comprises:

the first step: determining the radius of the second spherical model according to a

preset resolution of the second panoramic image.

In many contexts in reality, it is possible to obtain beforehand the resolution of the
second panoramic image after compression, or the target resolution after compression. The
resolution can be represented by pixels, for example 1920x960 etc.. Such resolution can be
used as the width and height of the second panoramic image, i.e., n = 1920,m = 960,
wherein n' is the width of the second panoramic image, m’ is the height of the second
panoramic image, such that the radius R of the second panoramic image can be obtained by

formula (1) : R=n"/ (2n) .

The second step: determining a location of the spherical center of the second spherical

model in the first spherical model according to the main view image of the user.

The location of the spherical center of the second spherical model within the first
spherical model can be determined according to different needs of users viewing the main
view image. For example, when users do not view images other than a main view image, it
is possible to make the spherical center of the second spherical model closer to the main
view image of users. If users want to view some of the other images, the spherical center of
the second spherical model can be biased to other images, if users want to view the overall
images, the spherical center of the second spherical model can be set close to the spherical

center of the first spherical model.
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In embodiments of the present application, by presetting the radius of the second
spherical model based on the preset resolution of the second panoramic image, the
generation of the second spherical model is made easier and the target resolution after
compression can be exactly achieved during image compression. By the main view image
of users, it is possible to flexibly adjust the location of the spherical center of the second
spherical model so as to obtain various non-uniform compression results, which satisfies

requirements of different users.

Optionally, in a panoramic image compression method provided by embodiments of
the present application, establishing a first mapping relationship between plane 2D
rectangular coordinates in a second panoramic image and plane 2D rectangular coordinates

in the first panoramic image, comprises:

the first step, establishing a first correspondence between plane 2D rectangular
coordinates of all pixels in the first panoramic image and coordinates in the first spherical

model.

The first correspondence between plane 2D rectangular coordinates of all pixels in the
first panoramic image and coordinates in the first spherical model can be obtained based on
equation three. Coordinates of each pixel in the first panoramic image can be obtained by

the corresponding coordinates in the first spherical model.

The second step, establishing a second correspondence between coordinates in the first

spherical model and coordinates in the second spherical model.

During the transformation of a panoramic image into a spherical model using formula

(3), it is possible to establish a 3D rectangular coordinate system in the spherical model.

Specifically, during the transformation of 2D rectangular coordinates in a panoramic

image into coordinates in a spherical model using formula (3), when in 2D rectangular

coordinates in the panoramic image, X > %, ¢ transformed through coordinate x is positive,
and when x < %, ¢ transformed through coordinate x is negative, similarly, when y > 2’ A

transformed through coordinate y is positive, and when y < 2 A transformed through
coordinate y is negative. Wherein, x, y are plane 2D rectangular coordinates of a pixel in a

spherical model, m is the height of a panoramic image, n is the width of a panoramic image,

A represents the longitude in coordinates in a spherical model, ¢ represents the latitude in
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coordinates in a spherical model. According to the sign, i.e., positive or negative, of A and ¢,
it is possible to determine the x axis and the y axis of a 3D rectangular coordinate system of
a spherical model, i.e., x aixs determines the positive or negative angle of ¢ and y axis
determines the positive or negative angle of A. Z axis of a 3D rectangular coordinate system
of a spherical model is mutually orthogonal to the x axis and y axis, and can be determined

by the x aixs and y axis.

Refer to Fig. 6, which is a schematic diagram of the location of the spherical center of
a second spherical model.

In Fig. 6, the spherical center of the second spherical model 602 locates on the x axis
of a 3D rectangular coordinate system of the first spherical model 601 and the location of
the spherical center of the second spherical model 602 in the 3D rectangular coordinate

system of the first spherical model 601 is (t,0,0).

A coordinate point p being located in the first spherical model 601, using geometry
methods, a linear equation can be established based on a straight line from the point p to the
spherical center O of the first spherical model 601 and a straight line from the point p to the
spherical center o of the second spherical model 602, for example, the linear equation can
be:

Rcosicosp —t  RsinAcoso Rsinp — t

rcos\ cosg rsink cos¢’  rsing
Wherein, A represents the longitude of a coordinate in the first spherical model 601,
and o in this equation is ¢. ¢ represents the latitude of a coordinate in the first spherical
model 601, A represents the longitude of a coordinate in the second spherical model 602,
¢ represents the latitude of a coordinate in the second spherical model 602, R represents
the radius of the first spherical model 601, t represents the location of the spherical center o

of the second spherical model 602 on the x axis of the first spherical model 601.

In order to solve the above linear equation, when the spherical center o of the second
spherical model 602 is located on the x axis of a 3D rectangular coordinate system of the
first spherical model 601, formula (4) representing the second correspondence between
coordinates in the first spherical model 601 and coordinates in the second spherical model

602 can be established, which is:
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Wherein,
2

a=tan?\ ,b = %(cosq)'sinq)'tanx'sin)»') ,C= <% - 1) tan2\ sin?¢p’

In the above formula (4), A represents the longitude of a coordinate in the first
spherical model 601, ¢ represents the latitude of a coordinate in the first spherical model
601, A represents the longitude of a coordinate in the second spherical model 602, ¢
represents the latitude of a coordinate in the second spherical model 602, R represents the
radius of the first spherical model 601, t represents the location of the spherical center o of

the second spherical model 602 on the x axis of the first spherical model 601.

Formula (4) above is a formula deduced by a geometry method based on the geometric
relationship between the first spherical model and the second spherical model and is not
unique. Other formulas can also be deduced by other geometric methods, and can also
reflect the correspondence between coordinates in the first spherical model and coordinates
in the second spherical model. All the embodiments of the present application, as long as
fulfilled by a formula reflecting the correspondence between coordinates in the first
spherical model and coordinates in the second spherical model, fall within the protection

scope of the embodiments of the present application.

The third step, establishing a third correspondence between coordinates in the second

spherical model and plane 2D rectangular coordinates in the second panoramic image.

The third correspondence between coordinates in the second spherical model and
plane 2D rectangular coordinates in the second panoramic image can be established by also
applying equation three. Coordinates of each pixel, of the second panoramic image, to be

filled can be obtained by the corresponding coordinates in the second spherical model.

The fourth step, correlating plane 2D rectangular coordinates in the second panoramic

image to coordinates in the second spherical model according to the third correspondence,



-23-

correlating coordinates in the second spherical model to coordinates in the first spherical
model according to the second correspondence, and correlating coordinates in the first
spherical model to plane 2D rectangular coordinates in the first panoramic image according
to the first correspondence, so as to establish the first mapping relationship between plane
2D rectangular coordinates in the second panoramic image and plane 2D rectangular

coordinates in the first panoramic image.

By using formulas (3) and (4), it is possible to correlate plane 2D rectangular
coordinates in the second panoramic image to coordinates in the second spherical model,
and to coordinates in the first spherical model through coordinates in the second spherical
model, and finally to plane 2D rectangular coordinates in the first panoramic image, for

establishing a first mapping relationship.

In embodiments of the present application, by using formulas (3) and (4), the first
mapping relationship between plane 2D rectangular coordinates in the second panoramic
image and plane 2D rectangular coordinates in the first panoramic image is established,
such that the correspondence of coordinates is more exact and is easier to realize in
apparatuses such as computers, which improves the efficiency of correspondence of

coordinates and further improves the compression efficiency.

Optionally, in a panoramic image compression method provided by embodiments of
the present application, before establishing a second correspondence between coordinates
in the first spherical model and coordinates in the second spherical model, the method can

further comprise:

performing coordinate system transformation on a 3D rectangular coordinate system
of the first spherical model when the spherical center of the second spherical model is not
on the x axis of the 3D rectangular coordinate system of the first spherical model, wherein,
the coordinate system transformation comprises: rotating the x axis of the first spherical
model such that the spherical center of the second spherical model is on the x axis after

rotation.

The location of the spherical center of the second spherical model is determined

according to a main view image of users, and thus can be anywhere, when the spherical
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center of the second spherical model is not located on the x axis of a 3D rectangular
coordinate system of the first spherical model, formula (4) can not be applied to establish
the second correspondence between coordinates in the first spherical model and coordinates
in the second spherical model. Thus, it is required to apply the following formula (5) to
rotate a 3D rectangular coordinate system of the first spherical model such that the

spherical center of the second spherical model is located on the x axis after rotation.

Assuming the location of the spherical center of the second spherical model on the
first spherical model is represented as (t, Ay, ¢ ) using polar coordinates in the first
spherical model, then formula (5) is:

< cos(py)cos(rg) —sin(hg)  —sin(¢p,)cos(hy)
1

X
cos(py)sin(ry)  cos(ry) — sin(q)o) sin(Ay) [y] (5)
sin(¢,) 0 cos(d,) z

'

Z

Wherein, x, y, z represent 3D rectangular coordinates in the first spherical model, X”,
y", z' represent 3D rectangular coordinates in the first spherical model after the coordinate
system is rotated, A, represents the longitude of the spherical center of the second
spherical model in coordinates in the first spherical model, ¢ represents the latitude of
the spherical center of the second spherical model in coordinates in the first spherical

model.

Before the application of formula (5), it is required to apply formula (2) to transform
polar coordinates in the first spherical model into 3D rectangular coordinates X, y, z in the
first spherical model, and the 3D rectangular coordinates in the first spherical model that
are obtained after transformation by formula (5) is X”, y”, z", similarly, it is possible to
transform 3D rectangular coordinates in the first spherical model into polar coordinates in
the first spherical model according to the inverse operation of formula (2). Results finally
obtained in this way can be directly substituted into formula (4) for calculation, so as to
establish the second correspondence between coordinates in the first spherical model and

coordinates in the second spherical model.

Optionally, in a panoramic image compression method provided by embodiments of

the present application, after establishing a second correspondence between coordinates in
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the first spherical model and coordinates in the second spherical model, the method can

further comprise:

the first step, generating a 2D projection plane that can be directly viewed by users
through the second spherical model, and establishing the fourth correspondence between
coordinates in the second spherical model and plane 2D rectangular coordinates of the 2D

projection plane.

Refer to Fig. 7, which is a schematic diagram of projecting a spherical model into a 2D

projection plane.

The panoramic image can be considered as the display of coordinates of a spherical
model, and is required to conform with the monocular imaging principle when rendered to
a screen or HMD (Head Mount Display), i.e., the image finally displayed on a screen or

HMD is a perspective 2D projection plane without distortion that can be viewed by users.

In Fig. 7, the fourth correspondence between coordinates in the second spherical
model 701 and plane 2D rectangular coordinates of the 2D projection plane 702 can be

established using formula (6), which is:

’ X,
A = arctan | — |,
r

Xr
cos(arctan(—))
r

T

q;’ = arccos y' *

(6)

Wherein, A" represents the longitude in coordinates in the second spherical model 701,
¢ represents the latitude in coordinates in the second spherical model 701, and x and y
represent plane 2D rectangular coordinates of a 2D projection plane 702, r represents the

radius of the second spherical model.

The second step, correlating plane 2D rectangular coordinates of the 2D projection
plane to coordinates in the second spherical model through the fourth correspondence,
correlating coordinates in the second spherical model to coordinates in the first spherical
model through the second correspondence, and correlating coordinates in the first spherical

model to plane 2D rectangular coordinates in the first panoramic image through the first
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correspondence, so as to establish the second mapping relationship between plane 2D
rectangular coordinates of the 2D projection plane and plane 2D rectangular coordinates in

the first panoramic image.

By using formula (6), it is possible to correlate plane 2D rectangular coordinates of the
2D projection plane coordinates in the second spherical model, and to coordinates in the
first spherical model through coordinates in the second spherical model, and finally to plane
2D rectangular coordinates in the first panoramic image, establishing a second mapping

relationship.

The third step, sampling, from the first panoramic image, all pixels corresponding to
plane 2D rectangular coordinates in the 2D projection plane according to the second
mapping relationship to constitute the 2D projection plane containing pixels that can be

directly viewed by users.

After the establishment of the second mapping relationship, it is possible to find,
according to each point in a 2D projection plane, the corresponding coordinates in the first
panoramic image, and to sample the corresponding pixel of coordinates so as to be filled
onto the 2D projection plane. Coordinate point of each pixel in a 2D projection plane is
sampled once so as to constitute a 2D projection plane containing pixels that can be directly

viewed by users.

In embodiments of the present application, after the generation of the second spherical
model, it is possible to establish the fourth correspondence between coordinates in the
second spherical model and coordinates of a 2D projection plane that can be directly
viewed by users, and thus to constitute the second mapping relationship, and then to sample
pixels from the first panoramic image based on the 2D projection plane, so as to generate
the 2D projection plane containing pixels. In this way, during the compression of the first
panoramic image, it is possible to generate a 2D projection plane that can be directly
viewed by users, thereby realizing the real-time compression and display and expanding the

usage range of embodiments of the present application.

That is to say, the first step to the third step described above provide a panoramic

image displaying method, comprising the following steps 1 to 4:
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step 1: obtaining a first spherical model formed by a first panoramic image to be
compressed, wherein there is a correspondence between plane 2D rectangular coordinates

of all pixels in the first panoramic image and coordinates in the first spherical model;

step 2: generating a second spherical model in the first spherical model according to a
main view image of an user, wherein the second spherical model is contained in the first
spherical model, the spherical center of the second spherical model is located between the
spherical center of the first spherical model and the main view image of the user, the radius
of the second spherical model is smaller than the radius of the first spherical model, and the
main view image of the user is a partial image of the first panoramic image that is viewed

mainly by the user;

step 3: establishing a second mapping relationship between plane 2D rectangular
coordinates of a 2D projection plane and plane 2D rectangular coordinates in the first
panoramic image, wherein the 2D projection plane is a projection plane generated through
the second spherical model, and there is a correspondence between plane 2D rectangular

coordinates of the 2D projection plane and coordinates in the second spherical model;

step 4: sampling, from the first panoramic image, pixels corresponding to plane 2D
rectangular coordinates in the 2D projection plane according to the second mapping
relationship to constitute the 2D projection plane containing the pixels that is viewable

directly by the user.

As can be seen from above, by non-uniformly sampling a panoramic image to be
compressed, the present embodiment compresses the panoramic image to be compressed
while a non-uniform 2D projection plane that can be directly viewed is formed by the
panoramic image to be compressed, during which a higher sampling rate is utilized for
images at a main viewing angle of users so as to ensure the definitions of the images at a
main viewing angle of users and a lower sampling rate is utilized for the other images so
that the overall size of the 2D projection plane map is small. Thus, the present embodiment
enables to display images clearly and meanwhile enables the displayed image of a 2D

projection plane to be an image after compression.

Optionally, in a panoramic image displaying method provided by embodiments of the
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present application, generating a second spherical model within the first spherical model

according to a main view image of users, comprises:

determining the radius of the second spherical model according to a preset resolution
of the second panoramic image; and determining a location of the spherical center of the
second spherical model in the first spherical model according to the main view image of the

user.

In the present embodiment, by presetting the radius of the second spherical model
based on the preset resolution of the second panoramic image, the generation of the second
spherical model is made easier and the target resolution after compression can be exactly
achieved during image compression. By the main view image of users, it is possible to
flexibly adjust the location of the spherical center of the second spherical model so as to
obtain various non-uniform compression results, which satisfies requirements of different

users.

Optionally, in a panoramic image displaying method provided by embodiments of the
present application, establishing a second mapping relationship between plane 2D
rectangular coordinates of a 2D projection plane and plane 2D rectangular coordinates in

the first panoramic image, can comprise:

establishing a first correspondence between plane 2D rectangular coordinates of all

pixels in the first panoramic image and coordinates in the first spherical model;

establishing a second correspondence between coordinates in the first spherical model

and coordinates in the second spherical model;

establishing a fourth correspondence between coordinates in the second spherical

model and plane 2D rectangular coordinates of the 2D projection plane; and

correlating plane 2D rectangular coordinates of the 2D projection plane to coordinates
in the second spherical model according to the fourth correspondence, correlating
coordinates in the second spherical model to coordinates in the first spherical model
according to the second correspondence, and correlating coordinates in the first spherical

model to plane 2D rectangular coordinates in the first panoramic image according to the
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first correspondence, so as to establish the second mapping relationship between plane 2D
rectangular coordinates of the 2D projection plane and plane 2D rectangular coordinates in

the first panoramic image.

In embodiments of the present application, the fourth correspondence can be obtained
by formula (6), ie., the first mapping relationship between plane 2D rectangular
coordinates of a 2D projection plane and plane 2D rectangular coordinates in the first
panoramic image is established by using formulas (3) and (4), such that the correspondence
of coordinates is more exact and is easier to realize in apparatuses such as computers,
which improves the efficiency of correspondence of coordinates and further improves the

compression efficiency.

Optionally, in a panoramic image displaying method provided by embodiments of the
present application, before establishing a second correspondence between coordinates in
the first spherical model and coordinates in the second spherical model, the method can

further comprise:

performing coordinate system transformation on a 3D rectangular coordinate system
of the first spherical model when the spherical center of the second spherical model is not
located at x axis of the 3D rectangular coordinate system of the first spherical model,
wherein, the coordinate system transformation comprises: rotating the x axis of the first
spherical model such that the spherical center of the second spherical model is located at

the rotated x axis.

In embodiments of the present application, when the spherical center of the second
spherical model is not on the x axis of a 3D rectangular coordinate system of the first
spherical model, the spherical center of the second spherical model is made located on the x
axis after rotation by coordinate system transformation, which can facilitate the
establishment of the second correspondence between coordinates in the first spherical

model and coordinates in the second spherical model and reduce the processing complexity.

Refer to Fig. 8, which is a flowchart of a panoramic image compression method

provided by embodiments of the present application, comprising the following steps.
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The first step, obtaining a first panoramic image 801, whose resolution is 3840x1920,

indicating that for the first panoramic image, the width n=3840, and the height m=1920.

The second step, transforming all plane 2D rectangular coordinates corresponding to
pixels in the first panoramic image 801 into coordinates in a spherical model, forming a
first spherical model 802 and establishing the first correspondence between plane 2D
rectangular coordinates in the first panoramic image 801 and coordinates in the first

spherical model 802, determining the radius of the first spherical model 802 by formula (1)

The third step, compressing the first panoramic image into a panoramic image of
1920x960, i.e., the resolution of the second panoramic image 804 obtained after
compression being 1920x960, i.e., for the second panoramic image, the width n'=1920,

and the height m'=960, and thus obtaining the radius of the second spherical model 803

i 1920
according to formula (1) as ="
T

The fourth step, determining the location of the spherical center of the second
spherical model 803 according to the preset image at a main viewing angle of users and the

radius of the second spherical model.

The fifth step, performing coordinate system transformation on a 3D rectangular
coordinate system of the first spherical model 802 by using formulas (2) and (5),
specifically, rotating the x axis of the first spherical model 802 such that the spherical

center of the second spherical model 803 is located on the x axis after rotation.

The sixth step, establishing a second correspondence between coordinates in the first

spherical model 802 and coordinates in the second spherical model 803 by using formula
).

The seventh step, transforming coordinates in the second spherical model 803 into 2D
rectangular coordinates by using formula (2) so as to form a second panoramic image 804
not containing pixels, establishing a third correspondence between plane 2D rectangular
coordinates in the second panoramic image 804 and coordinates in the second spherical

model 803.

The eighth step, correlating coordinates of each pixel in the second panoramic image

804 to coordinates of a pixel in the first panoramic image 801 based on the first mapping
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relationship constituted by the third correspondence, the second correspondence and the

first correspondence.

The final step, sampling, from the first panoramic image 801, all pixels corresponding
to coordinates of a pixel in the second panoramic image 804 so as to constitute the second
panoramic image 804 containing pixels. Thus, the compression of the first panoramic

image 801 is realized.

Referring to Fig. 9, which is a structure diagram of a panoramic image compression

device provided by embodiments of the present application, comprising:

an obtaining module 901, used for obtaining a first spherical model formed by a first
panoramic image to be compressed, wherein there is a correspondence between plane 2D
rectangular coordinates of all pixels in the first panoramic image and coordinates in the first

spherical model;

a generating module 902, used for generating a second spherical model in the first
spherical model according to a main view image of an user, wherein the second spherical
model is contained in the first spherical model, the spherical center of the second spherical
model is located between the spherical center of the first spherical model and the main view
image of the user, the radius of the second spherical model is smaller than the radius of the
first spherical model, and the main view image of the user is a partial image of the first

panoramic image that is viewed mainly by the user;

a mapping module 903, used for establishing a first mapping relationship between
plane 2D rectangular coordinates in a second panoramic image and plane 2D rectangular
coordinates in the first panoramic image, wherein the second panoramic image is a
panoramic image obtained by unfolding the second spherical model, and there is a
correspondence between plane 2D rectangular coordinates in the second panoramic image

and coordinates in the second spherical model; and

a sampling module 904, used for sampling, from the first panoramic image, pixels
corresponding to plane 2D rectangular coordinates in the second panoramic image

according to the first mapping relationship to constitute the second panoramic image
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containing the pixels, so as to realize the compression of the first panoramic image.

In embodiments of the present application, through pixel sampling the first panoramic
image according to coordinates in the second panoramic image after generating, within the
first spherical model, the asymmetric second spherical model that is close to images at a
main viewing angle of users and transforming the second spherical model into the second
panoramic image, non-uniform compression of the first panoramic image can be realized,
during which a higher sampling rate is utilized for images at a main viewing angle of users
so as to ensure the definitions of the images at a main viewing angle of users and a lower
sampling rate is utilized for the other images so that the second panoramic image
compressed by the first panoramic image is smaller, which facilitates the storage,

transmission and decoding of panoramic image files.

The device provided by embodiments of the present application is a device applying
the panoramic image compression method described above, thus all embodiments of the
panoramic image compression method described above are applicable to this device and

they can achieve same or similar beneficial effects.

Optionally, in a panoramic image compression device provided by embodiments of the

present application, the generating module 902 is specifically used for:

determining the radius of the second spherical model according to a preset resolution

of the second panoramic image; and

determining a location of the spherical center of the second spherical model in the first

spherical model according to the main view image of the user.

Optionally, in a panoramic image compression device provided by embodiments of the

present application, the mapping module 903 comprises:

a first corresponding submodule used for establishing a first correspondence between
plane 2D rectangular coordinates of all pixels in the first panoramic image and coordinates

in the first spherical model;

a second corresponding submodule used for establishing a second correspondence

between coordinates in the first spherical model and coordinates in the second spherical
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model;

a third corresponding submodule used for establishing a third correspondence between
coordinates in the second spherical model and plane 2D rectangular coordinates in the

second panoramic image; and

a first mapping submodule used for correlating plane 2D rectangular coordinates in the
second panoramic image to coordinates in the second spherical model according to the third
correspondence, correlating coordinates in the second spherical model to coordinates in the
first spherical model according to the second correspondence, and correlating coordinates
in the first spherical model to plane 2D rectangular coordinates in the first panoramic image
according to the first correspondence, so as to establish the first mapping relationship
between plane 2D rectangular coordinates in the second panoramic image and plane 2D

rectangular coordinates in the first panoramic image.

Optionally, in a panoramic image compression device provided by embodiments of the

present application, the device further comprises:

a selection submodule used for, before the second corresponding submodule
establishing a second correspondence between coordinates in the first spherical model and
coordinates in the second spherical model, performing coordinate system transformation on
a 3D rectangular coordinate system of the first spherical model when the spherical center of
the second spherical model is not located at x axis of the 3D rectangular coordinate system
of the first spherical model, wherein, the coordinate system transformation comprises:
rotating the x axis of the first spherical model such that the spherical center of the second

spherical model is located at the rotated x axis.

Embodiments of the present application further provide a panoramic image displaying

device, comprising:

an obtaining module used for obtaining a first spherical model formed by a first
panoramic image to be compressed, wherein there is a correspondence between plane 2D
rectangular coordinates of all pixels in the first panoramic image and coordinates in the first

spherical model;
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a generating module used for generating a second spherical model in the first spherical
model according to a main view image of an user, wherein the second spherical model is
contained in the first spherical model, the spherical center of the second spherical model is
located between the spherical center of the first spherical model and the main view image
of the user, the radius of the second spherical model is smaller than radius of the first
spherical model, and the main view image of the user is a partial image of the first

panoramic image that is viewed mainly by the user;

a mapping establishment module used for establishing a second mapping relationship
between plane 2D rectangular coordinates of a 2D projection plane and plane 2D
rectangular coordinates in the first panoramic image, wherein the 2D projection plane is a
projection plane generated through the second spherical model, and there is a
correspondence between plane 2D rectangular coordinates of the 2D projection plane and

coordinates in the second spherical model; and

a pixel sampling module used for sampling, from the first panoramic image, pixels
corresponding to plane 2D rectangular coordinates in the 2D projection plane according to
the second mapping relationship to constitute the 2D projection plane containing the pixels

that is viewable directly by the user.

As can be seen from above, by non-uniformly sampling a panoramic image to be
compressed, the present embodiment can compress the panoramic image to be compressed
while a non-uniform 2D projection plane that can be directly viewed is formed by the
panoramic image to be compressed, during which a higher sampling rate is utilized for
images at a main viewing angle of users so as to ensure the definitions of the images at a
main viewing angle of users and a lower sampling rate is utilized for the other images. Thus,
the present embodiment enables to display images clearly and meanwhile enables the

displayed image of a 2D projection plane to be an image after compression.
Optionally, in a panoramic image displaying device provided by the present
embodiment, the mapping establishment module can be specifically used for:

establishing a first correspondence between plane 2D rectangular coordinates of all

pixels in the first panoramic image and coordinates in the first spherical model;
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establishing a second correspondence between coordinates in the first spherical model

and coordinates in the second spherical model;

establishing a fourth correspondence between coordinates in the second spherical

model and plane 2D rectangular coordinates of the 2D projection plane; and

correlating plane 2D rectangular coordinates of the 2D projection plane to coordinates
in the second spherical model according to the fourth correspondence, correlating
coordinates in the second spherical model to coordinates in the first spherical model
according to the second correspondence, and correlating coordinates in the first spherical
model to plane 2D rectangular coordinates in the first panoramic image according to the
first correspondence, so as to establish the second mapping relationship between plane 2D
rectangular coordinates of the 2D projection plane and plane 2D rectangular coordinates in

the first panoramic image.

The embodiments of a device described above are obtained based on embodiments of
the method and have the same technical effects with the method, thus the technical effects
of the embodiments of a device will not be repeatedly described here. The embodiments of
a device are briefly described and reference can be made to the description of the
embodiments of a method for its related contents since the embodiments of the device are

substantially similar to those of the method.

Embodiments of the present application provide an electronic apparatus, which
comprises: a processor, a communication interface, a memory and a communication bus,
wherein the processor, the communication interface and the memory are communicated

with each other via the communication bus;
the memory is used for storing a computer program; and

the processor is used for executing the program stored in the memory, so as to
implement the panoramic image compression method provided by embodiments of the

present application, comprising:

obtaining a first spherical model formed by a first panoramic image to be compressed,

wherein there is a correspondence between plane 2D rectangular coordinates of all pixels in
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the first panoramic image and coordinates in the first spherical model;

generating a second spherical model in the first spherical model according to a main
view image of an user, wherein the second spherical model is contained in the first
spherical model, the spherical center of the second spherical model is located between the
spherical center of the first spherical model and the main view image of the user, the radius
of the second spherical model is smaller than the radius of the first spherical model, and the
main view image of the user is a partial image of the first panoramic image that is viewed

mainly by the user;

establishing a first mapping relationship between plane 2D rectangular coordinates in
a second panoramic image and plane 2D rectangular coordinates in the first panoramic
image, wherein the second panoramic image is a panoramic image obtained by unfolding
the second spherical model, and there is a correspondence between plane 2D rectangular
coordinates in the second panoramic image and coordinates in the second spherical model;

and

sampling, from the first panoramic image, pixels corresponding to plane 2D
rectangular coordinates in the second panoramic image according to the first mapping
relationship to constitute the second panoramic image containing the pixels, so as to realize

the compression of the first panoramic image.

The communication bus mentioned for the electronic apparatus can be a Peripheral
Component Interconnect (PCI) bus or an Extended Industry Standard Architecture (EISA)
bus and the like. The communication bus can be divided into an address bus, a data bus, a
control bus and so on. For the convenience of representation, it is represented only by one
thick line in the figure, which however does not mean that there is only one bus or one type

of buses.

A communication interface is used for communication between the electronic device

described above and other devices.

The memory may include a random access memory (RAM), and may also include a

non-volatile memory (NVM), e.g., at least one disk memory. Optionally, the memory can
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also be at least one memory device located away from the aforementioned processor.

The processor can be a general-purpose processor, including a central processing unit
(CPU), a network processor (NP) and the like; and can also be a digital signal processing
(DSP), an application specific integrated circuit (ASIC), a field-programmable gate array
(FPGA), or other programmable logic devices, discrete gates or transistor logic devices,

discrete hardware components.

The present embodiment is obtained based on the same inventive idea with the
embodiment of the method as shown in Fig. 1, thus the specific implementations of the
present embodiment can all apply the content in the embodiment of the method as shown in

Fig. 1.

In embodiments of the present application, a panoramic image to be compressed can
be compressed into an non-uniform panoramic image by non-uniformly sampling the
panoramic image to be compressed, for a part of images at a main viewing angle of users, a
higher sampling rate is set so as to guarantee the definitions of images viewed by users, and
for the other part of images, a lower sampling rate is utilized so as to enable a smaller
panoramic image after overall compression and facilitate the storage, transmission and

decoding.

Embodiments of the present application provide another electronic apparatus, which
comprises: a processor, a communication interface, a memory and a communication bus,
wherein the processor, the communication interface and the memory are communicated

with each other via the communication bus;
the memory is used for storing a computer program; and

the processor is used for executing the program stored in the memory, so as to
implement the panoramic image displaying method provided by embodiments of the

present application, comprising:

obtaining a first spherical model formed by a first panoramic image to be compressed,
wherein there is a correspondence between plane 2D rectangular coordinates of all pixels in

the first panoramic image and coordinates in the first spherical model;
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generating a second spherical model in the first spherical model according to a main
view image of an user, wherein the second spherical model is contained in the first
spherical model, the spherical center of the second spherical model is located between the
spherical center of the first spherical model and the main view image of the user, the radius
of the second spherical model is smaller than the radius of the first spherical model, and the
main view image of the user is a partial image of the first panoramic image that is viewed

mainly by the user;

establishing a second mapping relationship between plane 2D rectangular coordinates
of a 2D projection plane and plane 2D rectangular coordinates in the first panoramic image,
wherein the 2D projection plane is a projection plane generated through the second
spherical model, and there is a correspondence between plane 2D rectangular coordinates

of the 2D projection plane and coordinates in the second spherical model; and

sampling, from the first panoramic image, pixels corresponding to plane 2D
rectangular coordinates in the 2D projection plane according to the second mapping
relationship to constitute the 2D projection plane containing the pixels that is viewable

directly by the user.

As can be seen from above, by non-uniformly sampling a panoramic image to be
compressed, the present embodiment can compress the panoramic image to be compressed
while a non-uniform 2D projection plane that can be directly viewed is formed by the
panoramic image to be compressed, during which a higher sampling rate is utilized for
images at a main viewing angle of users so as to ensure the definitions of the images at a
main viewing angle of users and a lower sampling rate is utilized for the other images. Thus,
the present embodiment enables to display images clearly and meanwhile enables the

displayed image of a 2D projection plane to be an image after compression.

Embodiments of the present application provide a computer readable storage medium,
which stores a computer program thereon, and when being executed by a processor, the
computer program implements the panoramic image compression method provided by

embodiments of the present application, comprising:
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obtaining a first spherical model formed by a first panoramic image to be compressed,
wherein there is a correspondence between plane 2D rectangular coordinates of all pixels in

the first panoramic image and coordinates in the first spherical model;

generating a second spherical model in the first spherical model according to a main
view image of an user, wherein the second spherical model is contained in the first
spherical model, the spherical center of the second spherical model is located between the
spherical center of the first spherical model and the main view image of the user, the radius
of the second spherical model is smaller than the radius of the first spherical model, and the
main view image of the user is a partial image of the first panoramic image that is viewed

mainly by the user;

establishing a first mapping relationship between plane 2D rectangular coordinates in
a second panoramic image and plane 2D rectangular coordinates in the first panoramic
image, wherein the second panoramic image is a panoramic image obtained by unfolding
the second spherical model, and there is a correspondence between plane 2D rectangular
coordinates in the second panoramic image and coordinates in the second spherical model;

and

sampling, from the first panoramic image, pixels corresponding to plane 2D
rectangular coordinates in the second panoramic image according to the first mapping
relationship to constitute the second panoramic image containing the pixels, so as to realize

the compression of the first panoramic image.

In embodiments of the present application, a panoramic image to be compressed can
be compressed into an non-uniform panoramic image by non-uniformly sampling the
panoramic image to be compressed, for a part of images at a main viewing angle of users, a
higher sampling rate is set so as to guarantee the definitions of images viewed by users, and
for the other part of images, a lower sampling rate is utilized so as to enable a smaller
panoramic image after overall compression and facilitate the storage, transmission and

decoding.

Embodiments of the present application provide a computer readable storage medium,
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which stores a computer program thereon, and when being executed by a processor, the
computer program implements the panoramic image displaying method provided by

embodiments of the present application, comprising:

obtaining a first spherical model formed by a first panoramic image to be compressed,
wherein there is a correspondence between plane 2D rectangular coordinates of all pixels in

the first panoramic image and coordinates in the first spherical model;

generating a second spherical model in the first spherical model according to a main
view image of an user, wherein the second spherical model is contained in the first
spherical model, the spherical center of the second spherical model is located between the
spherical center of the first spherical model and the main view image of the user, the radius
of the second spherical model is smaller than the radius of the first spherical model, and the
main view image of the user is a partial image of the first panoramic image that is viewed

mainly by the user;

establishing a second mapping relationship between plane 2D rectangular coordinates
of a 2D projection plane and plane 2D rectangular coordinates in the first panoramic image,
wherein the 2D projection plane is a projection plane generated through the second
spherical model, and there is a correspondence between plane 2D rectangular coordinates

of the 2D projection plane and coordinates in the second spherical model; and

sampling, from the first panoramic image, pixels corresponding to plane 2D
rectangular coordinates in the 2D projection plane according to the second mapping
relationship to constitute the 2D projection plane containing the pixels that is viewable

directly by the user.

As can be seen from above, by non-uniformly sampling a panoramic image to be
compressed, the present embodiment can compress the panoramic image to be compressed
while a non-uniform 2D projection plane that can be directly viewed is formed by the
panoramic image to be compressed, during which a higher sampling rate is utilized for
images at a main viewing angle of users so as to ensure the definitions of the images at a

main viewing angle of users and a lower sampling rate is utilized for the other images. Thus,



41-

the present embodiment enables to display images clearly and meanwhile enables the

displayed image of a 2D projection plane to be an image after compression.

It should be noted that the relationship terms herein such as "first", "second" and the
like are only used to distinguish one entity or operation from another entity or operation,
but do not necessarily require or imply that there is actual relationship or order between
these entities or operations. Moreover, the terms "include", "comprise" or any variants
thereof are intended to cover a non-exclusive inclusion, such that processes, methods,
articles or devices comprising a series of elements comprise not only those elements listed,
but also other elements not specifically listed or the elements intrinsic to these processes,
methods, articles, or devices. Without further limitations, elements limited by the wording
“comprise(s) a/an...” do not exclude that there are additional identical elements in the

processes, methods, articles, or devices which comprise the listed elements.

All embodiments in the description are described in a correlated manner, and identical
or similar parts in various embodiments can be referred to one another, the description for

each embodiment all focuses on the differences with other embodiments.

The embodiments described above are just preferable embodiments of the present
application, and not indented to limit the protection scope of the present application. Any
modifications, alternatives, improvements or the like within the spirit and principle of the

present application shall be comprised in the protection scope of the present application.
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CLAIMS

1. A panoramic image compression method, comprising:

obtaining a first spherical model formed by a first panoramic image to be
compressed, wherein there is a correspondence between plane 2D rectangular
coordinates of all pixels in the first panoramic image and coordinates in the first
spherical model;

generating a second spherical model in the first spherical model according to a
main view image of an user, wherein the second spherical model is contained in the
first spherical model, the spherical center of the second spherical model is located
between the spherical center of the first spherical model and the main view image of
the user, the radius of the second spherical model is smaller than the radius of the first
spherical model, and the main view image of the user is a partial image of the first
panoramic image that is viewed mainly by the user;

establishing a first mapping relationship between plane 2D rectangular
coordinates in a second panoramic image and plane 2D rectangular coordinates in the
first panoramic image, wherein the second panoramic image is a panoramic image
obtained by unfolding the second spherical model, and there is a correspondence
between plane 2D rectangular coordinates in the second panoramic image and
coordinates in the second spherical model; and

sampling, from the first panoramic image, pixels corresponding to plane 2D
rectangular coordinates in the second panoramic image according to the first mapping
relationship to constitute the second panoramic image containing the pixels, so as to
realize the compression of the first panoramic image;

wherein, generating a second spherical model in the first spherical model
according to a main view image of users comprises:

determining the radius of the second spherical model according to a preset
resolution of the second panoramic image; and

determining a location of the spherical center of the second spherical model in

the first spherical model according to the main view image of the user.



-43-
2. The method according to claim 1, wherein, establishing a first mapping
relationship between plane 2D rectangular coordinates in a second panoramic image
and plane 2D rectangular coordinates in the first panoramic image comprises:
establishing a first correspondence between plane 2D rectangular coordinates of
all pixels in the first panoramic image and coordinates in the first spherical model;
establishing a second correspondence between coordinates in the first spherical
model and coordinates in the second spherical model;
establishing a third correspondence between coordinates in the second spherical
model and plane 2D rectangular coordinates in the second panoramic image; and
correlating plane 2D rectangular coordinates in the second panoramic image to
coordinates in the second spherical model according to the third correspondence,
correlating coordinates in the second spherical model to coordinates in the first
spherical model according to the second correspondence, and correlating coordinates
in the first spherical model to plane 2D rectangular coordinates in the first panoramic
image according to the first correspondence, so as to establish the first mapping
relationship between plane 2D rectangular coordinates in the second panoramic image

and plane 2D rectangular coordinates in the first panoramic image.

3. The method according to claim 2, wherein, before establishing a second
correspondence between coordinates in the first spherical model and coordinates in
the second spherical model, the method further comprises:

performing coordinate system transformation on a 3D rectangular coordinate
system of the first spherical model when the spherical center of the second spherical
model is not located at x axis of the 3D rectangular coordinate system of the first
spherical model, wherein, the coordinate system transformation comprises: rotating
the x axis of the first spherical model such that the spherical center of the second

spherical model is located at the rotated x axis.

4. A panoramic image displaying method, comprising:
obtaining a first spherical model formed by a first panoramic image to be
compressed, wherein there is a correspondence between plane 2D rectangular

coordinates of all pixels in the first panoramic image and coordinates in the first
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spherical model;

generating a second spherical model in the first spherical model according to a
main view image of an user, wherein the second spherical model is contained in the
first spherical model, the spherical center of the second spherical model is located
between the spherical center of the first spherical model and the main view image of
the user, the radius of the second spherical model is smaller than the radius of the first
spherical model, and the main view image of the user is a partial image of the first
panoramic image that is viewed mainly by the user;

establishing a second mapping relationship between plane 2D rectangular
coordinates of a 2D projection plane and plane 2D rectangular coordinates in the first
panoramic image, wherein the 2D projection plane is a projection plane generated
through the second spherical model, and there is a correspondence between plane 2D
rectangular coordinates of the 2D projection plane and coordinates in the second
spherical model; and

sampling, from the first panoramic image, pixels corresponding to plane 2D
rectangular coordinates in the 2D projection plane according to the second mapping
relationship to constitute the 2D projection plane containing the pixels that is
viewable directly by the user;

wherein, generating a second spherical model in the first spherical model
according to a main view image of users comprises:

determining the radius of the second spherical model according to a preset
resolution of the second panoramic image; and

determining a location of the spherical center of the second spherical model in
the first spherical model according to the main view image of the user.

5. The method according to claim 4, wherein, establishing a second mapping
relationship between plane 2D rectangular coordinates of a 2D projection plane and
plane 2D rectangular coordinates in the first panoramic image comprises:

establishing a first correspondence between plane 2D rectangular coordinates of
all pixels in the first panoramic image and coordinates in the first spherical model;

establishing a second correspondence between coordinates in the first spherical
model and coordinates in the second spherical model;
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establishing a fourth correspondence between coordinates in the second spherical
model and plane 2D rectangular coordinates of the 2D projection plane; and
correlating plane 2D rectangular coordinates of the 2D projection plane to
coordinates in the second spherical model according to the fourth correspondence,
correlating coordinates in the second spherical model to coordinates in the first
spherical model according to the second correspondence, and correlating coordinates
in the first spherical model to plane 2D rectangular coordinates in the first panoramic
image according to the first correspondence, so as to establish the second mapping
relationship between plane 2D rectangular coordinates of the 2D projection plane and

plane 2D rectangular coordinates in the first panoramic image.

6. An electronic apparatus, comprises: a processor, a memory;

the memory is used for storing a computer program; and

the processor is used for performing the following operations by executing the
computer program stored on the memory;

obtaining a first spherical model formed by a first panoramic image to be
compressed, wherein there is a correspondence between plane 2D rectangular
coordinates of all pixels in the first panoramic image and coordinates in the first
spherical model;

generating a second spherical model in the first spherical model according to a
main view image of an user, wherein the second spherical model is contained in the
first spherical model, the spherical center of the second spherical model is located
between the spherical center of the first spherical model and the main view image of
the user, the radius of the second spherical model is smaller than the radius of the first
spherical model, and the main view image of the user is a partial image of the first
panoramic image that is viewed mainly by the user;

establishing a first mapping relationship between plane 2D rectangular
coordinates in a second panoramic image and plane 2D rectangular coordinates in the
first panoramic image, wherein the second panoramic image is a panoramic image
obtained by unfolding the second spherical model, and there is a correspondence
between plane 2D rectangular coordinates in the second panoramic image and
coordinates in the second spherical model; and
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sampling, from the first panoramic image, pixels corresponding to plane 2D
rectangular coordinates in the second panoramic image according to the first mapping
relationship to constitute the second panoramic image containing the pixels, so as to
realize the compression of the first panoramic image;

wherein, generating a second spherical model in the first spherical model
according to a main view image of users comprises:

determining the radius of the second spherical model according to a preset
resolution of the second panoramic image; and

determining a location of the spherical center of the second spherical model in

the first spherical model according to the main view image of the user.

7. An electronic apparatus, comprises: a processor, a memory;

the memory is used for storing a computer program; and

the processor is used for performing the following operations by executing the
computer program stored on the memory;

obtaining a first spherical model formed by a first panoramic image to be
compressed, wherein there is a correspondence between plane 2D rectangular
coordinates of all pixels in the first panoramic image and coordinates in the first
spherical model;

generating a second spherical model in the first spherical model according to a
main view image of an user, wherein the second spherical model is contained in the
first spherical model, the spherical center of the second spherical model is located
between the spherical center of the first spherical model and the main view image of
the user, the radius of the second spherical model is smaller than the radius of the first
spherical model, and the main view image of the user is a partial image of the first
panoramic image that is viewed mainly by the user;

establishing a second mapping relationship between plane 2D rectangular
coordinates of a 2D projection plane and plane 2D rectangular coordinates in the
first panoramic image, wherein the 2D projection plane is a projection plane
generated through the second spherical model, and there is a correspondence between
plane 2D rectangular coordinates of the 2D projection plane and coordinates in the
second spherical model; and
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sampling, from the first panoramic image, pixels corresponding to plane 2D
rectangular coordinates in the 2D projection plane according to the second mapping
relationship to constitute the 2D projection plane containing the pixels that is
viewable directly by the user;

wherein, generating a second spherical model in the first spherical model
according to a main view image of users comprises:

determining the radius of the second spherical model according to a preset
resolution of the second panoramic image; and

determining a location of the spherical center of the second spherical model in

the first spherical model according to the main view image of the user.

8. A non-transitory computer readable storage medium, wherein the computer
readable storage medium stores a computer program thereon, and when being
executed by a processor, the computer program implements the method according to

claim 1.

9. A non-transitory computer readable storage medium, wherein the computer
readable storage medium stores a computer program thereon, and when being
executed by a processor, the computer program implements the method according to

claim 4.

10. The electronic apparatus according to claim 6, wherein, establishing a first
mapping relationship between plane 2D rectangular coordinates in a second
panoramic image and plane 2D rectangular coordinates in the first panoramic image
comprises:

establishing a first correspondence between plane 2D rectangular coordinates of
all pixels in the first panoramic image and coordinates in the first spherical model;

establishing a second correspondence between coordinates in the first spherical
model and coordinates in the second spherical model;

establishing a third correspondence between coordinates in the second spherical
model and plane 2D rectangular coordinates in the second panoramic image; and

correlating plane 2D rectangular coordinates in the second panoramic image to
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coordinates in the second spherical model according to the third correspondence,
correlating coordinates in the second spherical model to coordinates in the first
spherical model according to the second correspondence, and correlating coordinates
in the first spherical model to plane 2D rectangular coordinates in the first panoramic
image according to the first correspondence, so as to establish the first mapping
relationship between plane 2D rectangular coordinates in the second panoramic image

and plane 2D rectangular coordinates in the first panoramic image.

11. The electronic apparatus according to claim 10, wherein, before
establishing a second correspondence between coordinates in the first spherical model
and coordinates in the second spherical model, the method further comprises:

performing coordinate system transformation on a 3D rectangular coordinate
system of the first spherical model when the spherical center of the second spherical
model is not located at x axis of the 3D rectangular coordinate system of the first
spherical model, wherein, the coordinate system transformation comprises: rotating
the x axis of the first spherical model such that the spherical center of the second

spherical model is located at the rotated x axis.

12. The electronic apparatus according to claim 7, wherein, establishing a
second mapping relationship between plane 2D rectangular coordinates of a 2D
projection plane and plane 2D rectangular coordinates in the first panoramic image
comprises:

establishing a first correspondence between plane 2D rectangular coordinates of
all pixels in the first panoramic image and coordinates in the first spherical model;

establishing a second correspondence between coordinates in the first spherical
model and coordinates in the second spherical model;

establishing a fourth correspondence between coordinates in the second spherical
model and plane 2D rectangular coordinates of the 2D projection plane; and

correlating plane 2D rectangular coordinates of the 2D projection plane to
coordinates in the second spherical model according to the fourth correspondence,
correlating coordinates in the second spherical model to coordinates in the first
spherical model according to the second correspondence, and correlating coordinates
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in the first spherical model to plane 2D rectangular coordinates in the first panoramic
image according to the first correspondence, so as to establish the second mapping
relationship between plane 2D rectangular coordinates of the 2D projection plane and

plane 2D rectangular coordinates in the first panoramic image.



