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Description

Title of Invention: METHOD AND DEVICE FOR PROCESSING

[1]

[2]

[3]

[4]

VIDEO
Technical Field

The present invention relates to the technical field of video processing, and in
particular to a method and device for processing a video.
Background Art

With the development of information technology, the multimedia technology and the
Three Dimensional (3D) omnidirectional photography technology also develops
rapidly, wherein the 3D omnidirectional photography technology has a promising ap-
plication prospect. For example, the 3D omnidirectional photography technology can
be applied to various fields such as Virtual Reality (VR) meeting, VR live broadcast,

wearable devices, navigation systems, robots and unmanned aerial vehicles.
Disclosure of Invention

Technical Problem

Wherein, the 3D omnidirectional photography technology is applied to 3D omnidi-
rectional video acquisition equipments. In an existing 3D omnidirectional video ac-
quisition equipment, a multiple of video acquisition equipments are mounted on a
spherical surface or a circular surface of a round sphere, as shown in Figs. 1a and 1b,
each video acquisition equipment acquires videos in a corresponding direction, and the
videos acquired in various directions are processed to obtain a 3D omnidirectional
video. In the existing 3D omnidirectional video acquisition equipments, the multiple of
video acquisition equipments (e.g., cameras) are arranged to form a number of stereo
pairs viewing various directions. Such design requires a sufficient number of stereo
pairs to be used to cover the full range of omnidirectional field of view. Also, each
stereo pair needs sufficient stereo baseline length to ensure enough stereo image
disparity. Thus, the existing 3D omnidirectional video acquisition equipments are large
in size, difficult to carry and high in cost. Consequently, the existing 3D omnidi-
rectional video acquisition equipments are difficult to be applied to the everyday life
scenario of an individual user, and are difficult to realize functions such as live show,
daily life recording, and sports photography. Therefore, most of such existing 3D om-
nidirectional video acquisition equipments are only applied to business scenarios
without portability needs and they result in low user experience for individual users

that needs a light weighted, compact, and affordable device for daily life usage.
Solution to Problem

To overcome or at least partially solve the technical problems, the following
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technical solutions are particularly provided.
According to one aspect, the embodiments of the present invention provide a method

for processing a video, comprising the steps of:

acquiring a first omnidirectional video and a second omnidirectional video, the first
omnidirectional video and the second omnidirectional video having a stereoscopic
parallax in a first direction, the first direction being a corresponding column direction
when the first omnidirectional video and the second omnidirectional video are
unfolded by longitude and latitude; and

determining one or two third omnidirectional videos according to the first omnidi-
rectional video and the second omnidirectional video, wherein, if one third omnidi-
rectional video is determined, the second omnidirectional video and the third omnidi-
rectional video have a stereoscopic parallax in a second direction; if two third omnidi-
rectional videos are determined, the two third omnidirectional videos have a
stereoscopic parallax in the second direction; and, the second direction is a corre-
sponding row direction when the first omnidirectional video and the second omnidi-
rectional video are unfolded by longitude and latitude.

According to another aspect, the embodiments of the present invention further
provide a device for processing a video, comprising:

an acquisition module configured to acquire a first omnidirectional video and a
second omnidirectional video, the first omnidirectional video and the second omnidi-
rectional video having a stereoscopic parallax in a first direction, the first direction
being a corresponding column direction when the first omnidirectional video and the
second omnidirectional video are unfolded by longitude and latitude; and

a determination module configured to determine one or two third omnidirectional
videos according to the first omnidirectional video and the second omnidirectional
video, wherein, if one third omnidirectional video is determined, the second omnidi-
rectional video and the third omnidirectional video have a stereoscopic parallax in a
second direction; if two third omnidirectional videos are determined, the two third om-
nidirectional videos have a stereoscopic parallax in the second direction; and, the
second direction is a corresponding row direction when the first omnidirectional video

and the second omnidirectional video are unfolded by longitude and latitude.

Advantageous Effects of Invention

The present invention provides a method and device for processing a video.
Compared with the prior art, in the present invention, two omnidirectional videos (i.e.,
a first omnidirectional video and a second omnidirectional video, respectively) having
a stereoscopic parallax in a first direction are acquired, and a third omnidirectional

video is then determined according to the first omnidirectional video and the second
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omnidirectional video, wherein the second omnidirectional video and the third omnidi-
rectional video have a stereoscopic parallax in a second direction. In other words, in
the present invention, it is only required to acquire two omnidirectional videos having
a stereoscopic parallax in a first direction. Subsequently, through omnidirectional
video conversion from the stereoscopic parallax in the first direction to the

stereoscopic parallax in the second direction, a third omnidirectional video in a same
row direction of the second omnidirectional video can be obtained, or two third omni-
directional videos with stereoscopic parallax in a same row direction can be obtained.
Thus, this provides for a possibility and premise for the combination of the second om-
nidirectional video and the third omnidirectional video to present a 3D omnidirectional
video effect to a user or the combination of two third omnidirectional videos to present
a 3D omnidirectional video effect to the user. Meanwhile, video acquisition can be
completed by only two omnidirectional video acquisition equipments. This equipment
structure can greatly reduce the size of the omnidirectional video acquisition
equipments and reduce the cost. Thanks to the features of portability, small size and
low cost of the omnidirectional video acquisition equipments, the application scenarios
of the omnidirectional video acquisition equipments can be increased, and the user ex-

perience is thus improved.
Additional aspects and advantages of the present invention will be partially ap-

preciated and become apparent from the descriptions below, or will be well learned
from the practices of the present invention.
Brief Description of Drawings

The above and/or additional aspects and advantageous of the present invention will
become apparent and be more readily appreciated from the following descriptions of
embodiments, with reference to the accompanying drawings, in which:

Fig. 1a is a schematic diagram of an existing 3D omnidirectional video acquisition
equipment;

Fig. 1b is a schematic diagram of another existing 3D omnidirectional video ac-
quisition equipment;

Fig. 2 is a flowchart of a method for processing a video according to an embodiment
of the present invention;

Fig. 3a is a schematic diagram of an omnidirectional video acquisition equipment
according to an embodiment of the present invention;

Fig. 3b is a schematic diagram of an omnidirectional video acquisition equipment
consisting of two video acquisition equipments in a same horizontal direction;

Fig. 3c is a schematic diagram of an omnidirectional video acquisition equipment

consisting of a multiple of video acquisition equipments in a same vertical direction;
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Fig. 3d is a schematic diagram of another omnidirectional video acquisition

equipment according to an embodiment of the present invention;
Fig. 4 is a schematic diagram of a method for synchronizing timestamps according to

an embodiment of the present invention;

Fig. 5a is a schematic diagram of a method for converting two omnidirectional
videos in a same vertical direction into two omnidirectional videos in a same
horizontal direction according to an embodiment of the present invention;

Fig. 5b is a schematic diagram of another method for converting two omnidirectional
videos in a same vertical direction into two omnidirectional videos in a same
horizontal direction according to an embodiment of the present invention;

Fig. 6 is a schematic diagram of the presence of a black hole region in the generated
virtual omnidirectional video according to an embodiment of the present invention;

Fig. 7 is a schematic diagram of the hole-filled virtual omnidirectional video
according to an embodiment of the present invention;

Fig. 8 is a schematic diagram of a method for generating a training sample according
to an embodiment of the present invention;

Fig. 9 is a schematic diagram of another method for generating a training sample
according to an embodiment of the present invention; and

Fig. 10 is a schematic diagram of a device for processing a video according to an em-
bodiment of the present invention.

Mode for the Invention

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

It should be understood by one person of ordinary skill in the art that singular forms
"a", "an", "the", and "said" may be intended to include plural forms as well, unless
otherwise stated. It should be further understood that terms "comprise/comprising”
used in this specification specify the presence of the stated features, integers, steps, op-
erations, elements and/or components, but not exclusive of the presence or addition of
one or more other features, integers, steps, operations, elements, components, and/or
combinations thereof. It should be understood that, when a component is referred to as
being "connected to" or "coupled to" another component, it can be directly connected
or coupled to other elements or provided with intervening elements therebetween. In

addition, "connected to" or "coupled to" as used herein can comprise wireless
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connection or coupling. As used herein, the term "and/or" comprises all or any of one
or more associated listed items or combinations thereof.

It should be understood by one person of ordinary skill in the art that, unless
otherwise defined, all terms (including technical and scientific terms) used herein have
the same meaning as commonly understood by one person of ordinary skill in the art to
which the present invention belongs. It should be further understood that terms, such as
those defined in commonly used dictionaries, should be interpreted as having a
meaning that is consistent with their meanings in the context of the prior art and will
not be interpreted in an idealized or overly formal sense unless expressly so defined
herein.

It should be understood by one person of ordinary skill in the art that the term
"terminal" and "terminal equipment" as used herein compasses not only devices with a
wireless signal receiver having no emission capability but also devices with receiving
and emitting hardware capable of carrying out bidirectional communication over a
bidirectional communication link. Such devices can comprise cellular or other commu-
nication devices with a single-line display or multi-line display or without a multi-line
display; Personal Communication Systems (PCSs) with combined functionalities of
speech, data processing, facsimile and/or data communication; Personal Digital As-
sistants (PDAs), which may include RF receivers, pagers, internet networks/intranet
accesses, web browsers, notepads, calendars and/or Global Positioning System (GPS)
receivers; and/or conventional laptop and/or palmtop computers or other devices
having and/or including a RF receiver. The "terminal” and "terminal equipment” as
used herein can be portable, transportable, mountable in transportations (air, sea and/or
land transportations), or suitable and/or configured to run locally and/or distributed in
other places in the earth and/or space for running. The "terminal” or "terminal
equipment"” as used herein may be a communication terminal, an internet terminal, a
music/video player terminal. For example, it can be a PDA, a Mobile Internet Device
(MID) and/or a mobile phone with a music/video playback function, or can be
equipment such as a smart TV and a set-top box.

Embodiment 1

This embodiment of the present invention provides a method for processing a video,
as shown in Fig. 2, comprising the following steps.

Step 201: A first omnidirectional video and a second omnidirectional video are
acquired.

Wherein, the first omnidirectional video and the second omnidirectional video have a
stereoscopic parallax in a first direction.

In this embodiment of the present invention, when the first omnidirectional video and

the second omnidirectional video are unfolded by longitude and latitude, respectively,
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the direction of a line of the selected longitude poles coincides with the direction of a
line of optical centers of the two omnidirectional videos (the first omnidirectional
video and the second omnidirectional video), and the selected zero latitude planes for
the two videos coincides with the optical centers of the two videos respectively. The
row direction of the unfolded videos corresponds to the latitude direction, and the
column direction corresponds to the longitude direction; and the first direction is a cor-
responding column direction when the first omnidirectional video and the second om-
nidirectional video are unfolded by longitude and latitude.

Wherein, the first omnidirectional video can be an upper-viewpoint omnidirectional
video, and the second omnidirectional video can be a lower-viewpoint omnidirectional
video; or, the first omnidirectional video is a lower-viewpoint omnidirectional video,
and the second omnidirectional video is an upper-viewpoint omnidirectional video.
This will not be limited in this embodiment of the present invention.

In this embodiment of the present invention, the first omnidirectional video and the
second omnidirectional video can be acquired by the omnidirectional video acquisition
equipment shown in Fig. 3a.

Wherein, the omnidirectional video acquisition equipment shown in Fig. 3a can
comprise two video acquisition equipments in a same vertical direction, wherein the
two video acquisition equipments in the same vertical direction can be connected by a
telescopic rod.

In this embodiment of the present invention, the omnidirectional video acquisition
equipment can also consist of two video acquisition equipments in a same horizontal
direction, wherein the two video acquisition equipments in the same horizontal
direction can also be connected by a telescopic rod, as shown in Fig. 3b. In this em-
bodiment of the present invention, the direction of the two video acquisition
equipments in a same horizontal direction can be changed, in order to adapt to this em-
bodiment of the present invention.

In this embodiment of the present invention, the omnidirectional video acquisition
equipment can comprise a multiple of video acquisition equipments in a same vertical
direction, wherein the video acquisition equipments in the same vertical direction can
be connected by a telescopic rod, and any two of the video acquisition equipments can
be applied in this embodiment of the present invention, as shown in Fig. 3c. Any two
of the multiple video acquisition equipments can form a pair of video acquisition
equipment as shown in Fig.3a and Fig.3b, which also performs the same functions as
those in Fig.3a and Fig.3b. By selecting different combinations of two video ac-
quisition equipments from the multiple ones, the selected video acquisition equipment
pair has different baseline lengths between the optical centers of the device pair. It is

well known that, depth estimation accuracy is related to the baseline length of a pair of
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cameras. Specifically, longer baseline leads to higher depth estimation accuracy.
During applications, when most objects of interests are far from the system, the system
can select a device pair with long baseline. Meanwhile, when most objects of interests
are far from the system, the system can select a device pair with short baseline.

In this embodiment of the present invention, the omnidirectional video acquisition
equipment can comprise two video acquisition equipments in a same vertical direction,
wherein the two video acquisition equipments in the same vertical direction are
embedded into a telescopic rod, as shown in Fig. 3d.

The vertical direction mentioned in this application refers to a direction that is
consistent or near the gravity direction. The systems and methods in the application do
not require this direction to be strictly the gravity direction.

Wherein, the telescopic rod can be a connecting rod having a fixed length; or can
have a set of connecting rods having different lengths, which can be replaced
manually; or, can have only one connecting rod which can adjust the length of the
connecting rod between the omnidirectional video acquisition equipments by manual
operations; or, can have only one connecting rod which can automatically adjust the
length of the connecting rod between the omnidirectional video acquisition
equipments.

In this embodiment of the present invention, the omnidirectional video acquisition
equipment shown in Figs. 3a, 3b, 3c and 3d requires only two video acquisition
equipments connected by a telescopic rod, so that the size of the omnidirectional video
acquisition equipment is greatly decreased, and the cost is reduced. Moreover, thanks
to the features of portability, small size and low cost of the omnidirectional video ac-
quisition equipment, the application scenarios of the omnidirectional video acquisition
equipment can be increased, and the user experience is thus improved.

Optionally, after the step 201, the method further comprises: calibrating the first om-
nidirectional video and the second omnidirectional video.

Wherein, the step of calibrating the first omnidirectional video and the second omni-
directional video can specifically comprise: determining, according to the first omnidi-
rectional video and the second omnidirectional video, position and pose error pa-
rameters of video acquisition equipments corresponding to the first omnidirectional
video and the second omnidirectional video; determining calibration parameters
according to the position and pose error parameters; and, calibrating the first omnidi-
rectional video and the second omnidirectional video according to the calibration pa-
rameters.

In the practical equipment production and assembly process, since the two video ac-
quisition equipments in a same vertical direction inevitably have errors in position and

pose, calibration parameters corresponding to each video acquisition equipment need
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to be adjusted, so that the purpose of calibrating the acquired first omnidirectional
video and second omnidirectional video is achieved.

In this embodiment of the present invention, images of the first omnidirectional
video and the second omnidirectional video are unfolded, respectively, and a pixel
point is extracted from the unfolded image of the first omnidirectional video; then, a
pixel point corresponding to this pixel point is found from the unfolded image of the
second omnidirectional video, and it is determined whether the two pixel points are in
a same column direction; if the two pixel points are not in a same column direction, the
calibration parameters corresponding to the two video acquisition equipments in a
same vertical direction are adjusted to ensure that the two corresponding pixel points
are in a same column direction.

Wherein, by unfolding by longitude and latitude on the spherical surface, an omnidi-
rectional video taken by the omnidirectional video acquisition equipment can be
converted from a 360° spherical image into a planar image unfolded by longitude and
latitude. Specifically, a three dimensional coordinate system O-XYZ is defined in the
center of the spherical surface, where the point O is a center point of the coordinate
system, and X, Y and Z are three directions perpendicular to each other. Ideally, if the
two camera optical centers form a base line at vertical direction, X and Y are in a
horizontal plane, and Z points upward along the vertical base line direction. In the
converted planar image, the column coordinate of the image corresponds to an angle
range from -90° to 90° in a vertical plane in the spherical coordinate system, and the
column coordinate of the image corresponds to an angle range from 0° to 360° in the
horizontal plane in the spherical coordinate system.

In this embodiment of the present invention, it is assumed that, for two omnidi-
rectional images (an upper-viewpoint omnidirectional image and a lower-viewpoint
omnidirectional image) taken by the system at a certain moment of time, the spherical
coordinate systems are O1-X1Y1Z1 and O2-X2Y2Z2, respectively. Wherein, ideally,
7.1 coincides with the direction of the line 0102, Z2 coincides with the direction of
Z1, X1 is parallel to X2, and Y1 is parallel to Y2. Wherein, ideally, after the two omni-
directional images are converted into images unfolded by longitude and latitude, a
same object point in the space has the same column coordinate in the two images
unfolded by longitude and latitude.

Wherein, when it is detected that the same object point in the space has different
column coordinates in the two images unfolded by longitude and latitude, it is
indicated that the spherical coordinate systems of the two video acquisition equipments
are not aligned to an ideal state. In this case, the spherical coordinate system of at least
one of the two video acquisition equipments needs to be rotated around its center so

that the spherical coordinate systems are aligned to an ideal state.
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For example, this rotation can be represented by rotating around the X, Y, and Z axis
directions by angles [Ax,Ay,Az] respectively. Wherein, [Ax,Ay,Az] is automatically
calculated by a self-calibration method.

Optionally, in this embodiment of the present invention, the method can further
include a step a (not shown), wherein, in the step a, timestamps respectively corre-
sponding to the first omnidirectional video and the second omnidirectional video are
synchronized.

Wherein, the step a can be performed after the step of calibrating the first omnidi-
rectional video and the second omnidirectional video or after the step 201. This will
not be limited in this embodiment of the present invention.

In this embodiment of the present invention, a first feature pixel point is acquired
from the first omnidirectional video, and a second feature pixel point corresponding to
the first feature pixel point is determined in the second omnidirectional video; then,
movement trajectories corresponding to the first feature pixel point and the second
feature pixel point are determined, respectively, sampling feature extraction (e.g., a
trajectory turning point at which the direction of movement changes suddenly) is
performed on the movement trajectory corresponding to the first feature pixel point to
obtain a first sampling point, and similar sampling feature extraction is performed on
the movement trajectory corresponding to the second feature point to obtain a second
sampling point corresponding to the first sampling point; subsequently, it is determined
whether the first sampling point and the second sampling point are aligned (or in a
same vertical line) on a same time axis; and, if the first sampling point and the second
sampling point are not aligned, the second sampling point can be adjusted according to
the time corresponding to the first sampling point on the time axis, or the first sampling
point can be adjusted according to the time corresponding to the second sampling point
on the time axis, so as to synchronize timestamps respectively corresponding to the
first omnidirectional video and the second omnidirectional video.

In another way, the timestamps respectively corresponding to the first omnidi-
rectional video and the second omnidirectional video are synchronized according to the
time in a third-party terminal or a cloud server.

Wherein, the specific process of synchronizing timestamps is shown in Fig. 4.

Step 202: One or two third omnidirectional videos are determined according to the
first omnidirectional video and the second omnidirectional video.

Wherein, if one third omnidirectional video is determined, the second omnidi-
rectional video and the third omnidirectional video have a stereoscopic parallax in a
second direction; if two third omnidirectional videos are determined, the two third om-
nidirectional videos have a stereoscopic parallax in the second direction; and, the

second direction is a corresponding row direction when the first omnidirectional video
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and the second omnidirectional video are unfolded by longitude and latitude.

For example, if the first direction is a vertical direction and the second direction is a
horizontal direction, a first omnidirectional video and a second omnidirectional video
having a stereoscopic parallax in the vertical direction are acquired, and one or two
third omnidirectional videos are determined according to the first omnidirectional
video and the second omnidirectional video, wherein, if one third omnidirectional
video is determined, the second omnidirectional video and the third omnidirectional
video have a stereoscopic parallax in the horizontal direction; and, if two third omnidi-
rectional videos are determined, the two third omnidirectional videos have a
stereoscopic parallax in the horizontal direction.

Wherein, the step 202 comprises steps 2021 to 2022 (not shown).

Step 2021: An omnidirectional depth video is determined according to the first omni-
directional video and the second omnidirectional video.

Specifically, the step 2021 comprises a step 20211 (not shown).

Step 20211: The omnidirectional depth video is determined according to the first om-
nidirectional video and the second omnidirectional video and by using a trained deep
neural network.

In this embodiment of the present invention, the step 20211 specifically comprises
steps 20211a, 20211b, 20211c and 20211d (not shown), wherein:

Step 20211a: Based on the deep neural network, pixel points in the second omnidi-
rectional video that is matched with pixel points in the first omnidirectional video is
determined.

Step 20211b: Depth information corresponding to each pair of matched pixel points
is determined.

Step 20211c: Based on the deep neural network, semantic annotation is performed on
each pixel point in the second omnidirectional video.

Step 20211d: The omnidirectional depth video is determined according to the depth
information corresponding to each pair of matched pixel points and the semantic an-
notation information corresponding to each pixel point in the second omnidirectional
video.

In this embodiment of the present invention, the deep neural network for the omnidi-
rectional depth video comprises: a stereoscopic matching unit based on a Deep Neural
Network (DNN), a depth image estimation unit based on stereoscopic matching, an
image semantic segmentation unit based on a DNN, an object geometric model es-
timation unit, a semantic depth image generation unit, and an omnidirectional depth
image output unit.

Wherein, the depth image estimation unit based on stereoscopic matching performs

pixel matching and determines depth information corresponding to each pair of
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matched pixel points. Wherein, the process of pixel matching and determining depth
information corresponding to each pair of matched pixel points is specifically
described below.

In the first step, a first omnidirectional image Olmagel and a second omnidirectional
image OImage2 unfolded by longitude and latitude are input.

In the second step, the following operations are performed on each pixel pl in the
OlImagel:

(1) for each pixel p2r in the OImage?2, which is in the same column as pl, pl and p2
are compared in terms of similarity and the value of similarity is represented by
S(pl,p2r), and a pixel having the maximum value of S(p1,p2r) among all pixels p2r is
found and recorded as p2;

wherein, S(pl,p2r)=D(d1,d2r), where D is a deep neural network obtained by a
method based on a deep learning model;

(2) if S(p1,p2)>Ts, a distance between pl and p2 is calculated, pl and p2 are marked
as pixels with depth estimation, and the depth is assigned to pl, where Ts is an image
similarity threshold; and, if S(p1,p2)<Ts, both pl and p2 are marked as pixels without
depth estimation;

(3) for an image pixel p2 with depth estimation among the pixels in the Olmage 2,
the most similar pixel is found in the same way as in the step (2), and this image pixel
is marked as a pixel without depth estimation if the found most similar pixel is not p1;
and

(4) an omnidirectional depth image OImageD is output, wherein the omnidirectional
depth image contains all pixels with depth estimation, and the pixel value is a depth
value from the object to the system.

In accordance with the above operations (1), (2), (3) and (4), the OImageD may
contain pixels without depth values.

Wherein, in the stereoscopic matching unit based on a DNN, an image feature ex-
traction model most suitable for stereoscopic image matching is obtained by learning a
large number of stereoscopic image training data. Specifically, the DNN model
contains multiple layers of neural networks, and there is an edge link with a weight
between the multiple layers of networks. An input layer of the DNN model is two
images which respectively correspond to two image windows of a same size truncated
from the upper-viewpoint omnidirectional image and the lower-viewpoint omnidi-
rectional image, and an output layer of the DNN model is a floating point number
output from O to 1. In this embodiment of the present invention, during the training of
the DNN model, the training sample is an image pair with a real tag value. Two images
in the image pair are image windows of a same size truncated from the upper-

viewpoint omnidirectional image and the lower-viewpoint omnidirectional image, re-
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spectively. When the two window images correspond to a same object in the space and
contain a same position range, the tag value is 1; or otherwise, the tag value is 0.

Wherein, for the object image segmentation unit based on a DNN, this unit
comprises a DNN model for segmenting an image. This model segments the image
into different regions which are not overlapped with each other, and the different
regions correspond to different objects, for example, a person, a desk, a road, a bicycle
or more. Specifically, this DNN model contains multiple layers of neural networks,
and there is an edge link with a weight between the multiple layers of networks. An
input layer of this model is an image, and an output layer thereof is an image having
the same size as the input image. Each pixel of this image is an integer value rep-
resenting the category of the object, and different integer values correspond to different
categories of objects.

Wherein, the semantic depth image generation unit generates semantic depth images.
Specifically, based on the result of segmentation obtained by DNN image seg-
mentation, each segmented region in the image corresponds to an object, and a three
dimensional model of this object can be obtained by retrieving from a three di-
mensional model database. A three dimensional pose of this object in the image can be
estimated from the depth image OlmageD obtained by the depth image estimation unit
based on stereoscopic matching and the depth information distribution about this
object, and the three dimensional model of this object is then projected onto the image
according to the three dimensional pose. Thus, the depth information of each pixel
within the image region can be obtained, and object category information of each pixel
in the image can also be obtained. Therefore, this image is called a semantic depth
image.

Further, for a region having a too small area or no depth estimation, the semantic
depth image generation unit may not be able to generate any result, nearest neighbor
interpolation is performed on these regions, and these regions are filled with a region
having a depth estimation value in a neighborhood. Thus, an omnidirectional dense
depth image with each pixel having a depth value can be generated as an output of the
result output unit. In other words, the information finally output by the deep neural
network is an omnidirectional dense depth image with each pixel having a depth value.

Step 2022: One or two third omnidirectional videos are determined according to the
second omnidirectional video and the omnidirectional depth video.

Wherein, the step 2022 specifically comprises steps S1 to S3 (not shown), wherein:

Step S1: Depth information corresponding to a first pixel point in the determined om-
nidirectional depth video is determined, and a horizontal epipolar line is determined
according to the first pixel point.

Wherein, the first pixel point is in the second omnidirectional video.



13

WO 2020/085541 PCT/KR2018/012748

[90]

[91]

[92]

[93]

[94]

[95]

[96]

[97]

[98]

[99]

Step S2: A second pixel point's image position is determined according to the depth
information corresponding to the first pixel point in the determined omnidirectional
depth video and the horizontal epipolar line. The color of the second pixel point is the
same as that of the first pixel point.

Step S3: The steps S1 to S2 are circulated until a third omnidirectional video is
obtained.

Wherein, the third omnidirectional video consists of all the determined second pixel
points.

In this embodiment of the present invention, as shown in Fig. 5a, for a pixel point p2
in the left-viewpoint omnidirectional video (which can be considered as example of the
aforementioned second omnidirectional video), it can be known that an object point P
corresponding to this pixel is located in a half-line determined by a connection line of
the optical center C2 of the left-viewpoint omnidirectional image and the pixel p2. By
using the depth value in the omnidirectional depth video, the position of the point P in
the half-line can be known, that is, the position of the point P in the three dimensional
space is known. Then, this point P is projected to a "right-viewpoint video acquisition
equipment” (which can be considered as example of part of the aforementioned third
omnidirectional video) to obtain a pixel position p3 in the image plane of the "right-
viewpoint video acquisition equipment". For example, for a virtual "right-viewpoint
video acquisition equipment" C3, this video acquisition equipment has the same
internal imaging parameters as the left-viewpoint video acquisition equipment,
including the focal length, resolution and principal point. Wherein, C3 is located in a
line that passes through C2 and is perpendicular to the plane P-C2-p2, and the distance
between C3 and C2 is a set display stereoscopic baseline length, where the display
stereoscopic baseline length can be equal to the length of the average pupil distance of
human eyes or can also be adjusted according to the pupil distance of a user, and the
pixel color of p3 is equal to the pixel color of p2.

Wherein, the step 2022 can further specifically comprise steps S4 to S8 (not shown),
wherein:

Step S4: A third pixel point and depth information corresponding to the third pixel
point in the omnidirectional depth video are determined.

Wherein, the third pixel point is in the second omnidirectional video.

Step S5: A vertical stereoscopic parallax is determined according to the third pixel
point and the depth information corresponding to the third pixel point in the omnidi-
rectional depth video.

Step S6: A horizontal stereoscopic parallax corresponding to the vertical stereoscopic
parallax is determined according to the vertical stereoscopic parallax.

Step S7: A fourth pixel point is obtained according to the horizontal stereoscopic
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parallax and the third pixel point.

Step S8: The steps S4 to S7 are circulated until the third omnidirectional video is
obtained.

Wherein, the third omnidirectional video consists of all the determined fourth pixel
points.

For example, the third pixel point is marked as P2 and the depth value of P2 in the
depth image is D2, the vertical stereoscopic parallax corresponding to this pixel point
is calculated as Dyp(p2) = {*Byp/(D2), where f is the focal length of the video ac-
quisition equipments, and By is the length of the baseline between the upper and
lower video acquisition equipments. Then, based on the vertical stereoscopic parallax
Dyp(p2) corresponding to this pixel point, the horizontal stereoscopic parallax is
calculated as D, g(p2)= Dyp(p2)*(B.x/Bup), where B,z denotes the length of the
baseline between the left and right stereoscopic images. The color of the pixel p2 is
drawn to a corresponding position in the right-viewpoint omnidirectional image
according to Dy r(p2). Wherein, B,z can be set as the length of the average pupil
distance of human eyes or can also be adjusted according to the pupil distance of a
user. The above steps are iterated until a virtual omnidirectional video is obtained, as
shown in Fig. 5b.

In the virtual omnidirectional video generated by the method, since there may be
some black hole regions in which no pixel is projected effectively, as shown in Fig. 6,
object surface parts corresponding to these regions are present at observation
viewpoint corresponding to the virtual omnidirectional video, but the same object
surface parts are not present at observation viewpoint corresponding to the second om-
nidirectional video due to the occlusion of foreground objects. To generate a complete
virtual omnidirectional video, image filling needs to be performed on these black hole
regions to obtain a filled image, as shown in Fig. 7.

Optionally, after the step 2022, the method can further comprise: performing hole
filling on the determined third omnidirectional video to obtain a hole-filled third omni-
directional video.

In this embodiment of the present invention, since the determined third omnidi-
rectional video may have some black hole regions in which no pixel is projected ef-
fectively, hole filling needs to be performed on the third omnidirectional video.

Wherein, the step of performing hole filling on the determined third omnidirectional
video to obtain a hole-filled third omnidirectional video comprises steps S9 to S13 (not
shown).

Step S9: A first omnidirectional image and a second omnidirectional image corre-
sponding to the first omnidirectional image are determined.

Wherein, the first omnidirectional image belongs to the first omnidirectional video



15

WO 2020/085541 PCT/KR2018/012748

[109]

[110]

[111]

[112]

[113]

[114]

[115]

[116]

[117]
[118]

[119]

and the second omnidirectional image belongs to the second omnidirectional video.

Step S10: Image windows of a same size are truncated from the first omnidirectional
image and the second omnidirectional image to obtain a first window image and a
second window image, respectively.

Step S11: Based on a generative-adversarial net, the first window image and the
second window image, a third image corresponding to the second window image is
generated.

Wherein, the generative-adversarial net comprises an encoding network that
transforms input in a layer by layer manner to become high-level semantic features at
low resolution and a decoding network that transforms input in a layer-by-layer
manner to become low-level image features with high resolution.

Step S12: Frame images corresponding to the generated third image are determined
in the third omnidirectional video, and hole filling is performed on the determined
frame images.

Step S13: The steps S9 to S12 are circulated until the hole filling for each frame
image in the third omnidirectional video is completed.

Wherein, the step of performing hole filling on the determined third omnidirectional
video to obtain a hole-filled third omnidirectional video comprises: determining a
filling strategy respectively corresponding to each frame image to be hole-filled in the
determined third omnidirectional video; and, performing hole filling according to the
filling strategy to obtain the hole-filled third omnidirectional video.

Further, the step of determining a filling strategy respectively corresponding to each
frame image to be hole-filled in the determined third omnidirectional video can
specifically comprise: inputting a preset number of images before each frame image to
be hole-filled in the determined third omnidirectional video into the generative-ad-
versarial net to obtain a filling strategy respectively corresponding to each frame image
to be hole-filled in the determined third omnidirectional video.

In this embodiment of the present invention, a simplified image filling way is as
follows: selecting a nearest pixel from pixels around a hole, and directly copying the
color of this pixel to the hole.

For example, a specifically method can comprise the following steps.

(1) A row of pixels within a hole region are selected, and a left boundary pixel and a
right boundary pixel in this row of pixels are found. Among the left and right boundary
pixels, a pixel farthest away from the video acquisition equipment is determined
according the depth information, and a brightness value of this pixel is assigned to all
pixel values in this row of pixels.

(2) The operation in the step (1) is performed on all rows in all hole regions of the

image.
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This embodiment of the present invention further provides a filling method which is
a method based on a deep neural network model. In this method, a network structure
similar to the Generative-Adversarial Net (GAN) is used.

Wherein, this GAN model contains a multiple of neural networks, and there is an
edge link with a weight between the multiple layers of networks. Among the networks,
the first half of networks close to the input layer have a structure in which the number
of neural networks in each layer decreases gradually, and are called encoding networks
which can learn features (e.g., object category, nature or more) having high-level
semantic attributes in the image. Among the networks, the remaining half of networks
close to the output layer have a structure in which the number of neural networks in
each layer increases gradually, and are called decoding networks which can learn
features (e.g., image color, texture or more) having low-level image attributes in the
image.

Wherein, the input layer of this model is two images which correspond to two image
windows of a same size truncated from the upper-viewpoint omnidirectional image and
the lower-viewpoint omnidirectional image, respectively. The output layer of this
model is an image having the same size as the input image, and this image is a right-
viewpoint omnidirectional image corresponding to the image window in the lower-
viewpoint omnidirectional image. When in use, an image region in the generated right-
viewpoint omnidirectional image corresponding to a hole region is filled into the hole
region, wherein the upper-viewpoint omnidirectional image belongs to the upper-
viewpoint omnidirectional video and the lower-viewpoint image belongs to the lower-
viewpoint omnidirectional video.

Wherein, during the training of this model, the input of each set of training samples
is the upper-viewpoint omnidirectional image and the lower-viewpoint omnidirectional
image, while the output thereof is the right-viewpoint omnidirectional image. The
training samples are generated by two methods.

Method 1: Training images are taken by three video acquisition equipments.
Specifically, the three video acquisition equipments are located in a same vertical
direction, and are arranged at an upper position, a lower position and a right position
and fixed by a mechanical device, as shown in Fig. 8. Wherein, the video acquisition
equipments at the upper position and the lower position generate a pair of upper and
lower stereoscopic images, the video acquisition equipments at the lower position and
the right position generate a pair of left and right stereoscopic images. The equipments
are placed in various actual environments to take training images.

Method 2: Training images are generated by technical simulation in the computer
graphics. Specifically, in a computer's three dimensional model world, three virtual

video acquisition equipments are arranged. The three virtual video acquisition
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equipments are located in a same vertical direction, and arranged at an upper position,
a lower position and a right position. Wherein, the video acquisition equipments at the
upper position and the lower position generate a pair of upper and lower stereoscopic
images, and the video acquisition equipments at the lower position and the right
position generate a pair of left and right stereoscopic images, as shown in Fig. 9.

In this embodiment of the present invention, during the training of the generative-ad-
versarial net, video training data is generated by using an equipment similar to the
foregoing "image hole filling unit" or computer graphics environment. Each set of
video training data comprises: an upper-viewpoint omnidirectional video, a lower-
viewpoint omnidirectional video and a right-viewpoint omnidirectional video.

Wherein, this method comprises a set of image filling methods, and this set contains
various image filling methods, for example, a filling method based on image
neighborhood and a filling method based on GAN.

Wherein, the filling method based on image neighborhood may have various
variants, for example, filling row by row and/or filling column by column, filling by
copying color and/or filling by copying texture.

Wherein, the filling method based on GAN may have various variants. For example,
training data for different scenarios and depth distributions is used during training, and
the trained GAN models have different filling ways.

In this embodiment of the present invention, a method for filling video holes is
provided. Like an enhanced learning method, a strategy for filling video image holes is
learned. When holes in each image among a series of videos are filled, an optimal
filling method is selected from the set of image filling methods according to the
features of hole region images in a number of frames before this frame, so that the
visual continuity of the filled video in the time domain is ensured.

Specifically, S denotes the features of hole region images in a number of frames
before this frame, a denotes a filling method in the set of image filling methods, Q(S.a)
denotes an estimated value of the continuity of the video obtained by performing the
filling method a on the feature S, and r(S,a) denotes an instant reward after this action.
For example, r(S,a) can be calculated as an image similarity score obtained by
comparing the image at a moment t with the image at a moment t-1, after the image at
a moment t is filled by the method a. This similarity score can be obtained by cal-
culating a color similarity of each pixel within the filled region portion after image reg-
istration is performed on the two images.

Wherein, the learning process comprises the following steps:

(1) each combination of S and a is initialized, that is, Q(S,a)=0;

(2) the feature S at the current moment is obtained; and

(3) the following steps a) to €) are repeated until the training of the video ends:
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a) a method a0 for maximizing Q(S,a) is selected;

b) image hole regions are filled by the method a0, and r(S,a0) is calculated;

c) the feature S' at the next moment at the end of filling is acquired;

d) Q(S,a) =r(Sa,0) + v*max,{ Q(S',a) } is updated; and

e) it is assumed that S=S'.

Wherein, v is used to denote a discount factor, where O<v<]I.

In this embodiment of the present invention, the holes in the video are filled by using
the learned strategy Q(S,a).

In this embodiment of the present invention, in some application scenarios, for
example, when a user takes a video during the movement, to ensure to output smooth
omnidirectional videos, the taken first omnidirectional video and second omnidi-
rectional video need to be processed, wherein the specific processing way is shown in
a step 301 (not shown).

Step 301: The second omnidirectional video and/or the determined third omnidi-
rectional video are/is stabilized.

In this embodiment of the present invention, the step 301 can comprise two
situations:

situation 1: if only one third omnidirectional video is generated, the second omnidi-
rectional video and the third omnidirectional video are stabilized; and

situation 2: if two third omnidirectional videos are generated, the generated third om-
nidirectional videos are stabilized.

Wherein, the step 301 can specifically comprise a step 3011 (not shown).

Step 3011: The second omnidirectional video and/or the determined third omnidi-
rectional video are/is rendered onto a stabilized target trajectory to obtain a stabilized
second omnidirectional video and/or a stabilized third omnidirectional video.

Wherein, the way of determining the target video stabilization trajectory comprises:
determining, according to the omnidirectional depth video, position information of a
three dimensional environment model corresponding to each video acquisition
equipment at each moment during its movement; determining, according to the
position information of the three dimensional environment model corresponding to
each video acquisition equipment at each moment during its movement, a three di-
mensional movement trajectory of the video acquisition equipment in a world co-
ordinate system; and, filtering the three dimensional movement trajectory to obtain the
target video stabilization trajectory.

In this embodiment of the present invention, the third omnidirectional video can be
hole-filled before or after the step 3011. This will not be limited in this embodiment of
the present invention.

Wherein, the hole filling way is the same as the hole filling way in the foregoing em-
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bodiment, and will not be repeated here.

This embodiment of the present invention provides a method for processing a video.
Compared with the prior art, in this embodiment of the present invention, two omnidi-
rectional videos (i.e., a first omnidirectional video and a second omnidirectional video,
respectively) having a stereoscopic parallax in a first direction are acquired, and a third
omnidirectional video is then determined according to the first omnidirectional video
and the second omnidirectional video, wherein the second omnidirectional video and
the third omnidirectional video have a stereoscopic parallax in a second direction. In
other words, in this embodiment of the present invention, it is only required to acquire
two omnidirectional videos having a stereoscopic parallax in a first direction. Sub-
sequently, through omnidirectional video conversion from the stereoscopic parallax in
the first direction to the stereoscopic parallax in the second direction, a third omnidi-
rectional video in a same row direction of the second omnidirectional video can be
obtained, or two third omnidirectional videos with stereoscopic parallax in a same row
direction can be obtained. Thus, this provides for a possibility and premise guarantee
for the combination of the second omnidirectional video and the third omnidirectional
video to present a 3D omnidirectional video effect to a user or the combination of two
third omnidirectional videos to present a 3D omnidirectional video effect to the user.
Meanwhile, video acquisition can be completed by only two omnidirectional video ac-
quisition equipments. This equipment structure can greatly decrease the size of the om-
nidirectional video acquisition equipments and reduce the cost. Thanks to the features
of portability, small size and low cost of the omnidirectional video acquisition
equipments, the application scenarios of the omnidirectional video acquisition
equipments can be increased, and the user experience is thus improved.

Embodiment 2

This embodiment of the present invention provides a device for processing a video,
as shown in Fig. 10, comprising an acquisition module 1001 and a determination
module 1002, wherein:

the acquisition module 1001 is configured to acquire a first omnidirectional video
and a second omnidirectional video;

wherein the first omnidirectional video and the second omnidirectional video have a
stereoscopic parallax in a first direction, and the first direction is a corresponding
column direction when the first omnidirectional video and the second omnidirectional
video are unfolded by longitude and latitude; and

the determination module 1002 is configured to determine one or two third omnidi-
rectional videos according to the first omnidirectional video and the second omnidi-
rectional video;

wherein, if one third omnidirectional video is determined, the second omnidirectional
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video and the third omnidirectional video have a stereoscopic parallax in a second
direction; if two third omnidirectional videos are determined, the two third omnidi-
rectional videos have a stereoscopic parallax in the second direction; and, the second
direction is a corresponding row direction when the first omnidirectional video and the
second omnidirectional video are unfolded by longitude and latitude.

This embodiment of the present invention provides a device for processing a video.
Compared with the prior art, in this embodiment of the present invention, two omnidi-
rectional videos (i.e., a first omnidirectional video and a second omnidirectional video,
respectively) having a stereoscopic parallax in a first direction are acquired, and a third
omnidirectional video is then determined according to the first omnidirectional video
and the second omnidirectional video, wherein the second omnidirectional video and
the third omnidirectional video have a stereoscopic parallax in a second direction. In
other words, in this embodiment of the present invention, it is only required to acquire
two omnidirectional videos having a stereoscopic parallax in a first direction. Sub-
sequently, through omnidirectional video conversion from the stereoscopic parallax in
the first direction to the stereoscopic parallax in the second direction, a third omnidi-
rectional video in a same row direction of the second omnidirectional video can be
obtained, or two third omnidirectional videos with stereoscopic parallax in a same row
direction can be obtained. Thus, this provides for a possibility and premise guarantee
for the combination of the second omnidirectional video and the third omnidirectional
video to present a 3D omnidirectional video effect to a user or the combination of two
third omnidirectional videos to present a 3D omnidirectional video effect to the user.
Meanwhile, video acquisition can be completed by only two omnidirectional video ac-
quisition equipments. This equipment structure can greatly decrease the size of the om-
nidirectional video acquisition equipments and reduce the cost. Thanks to the features
of portability, small size and low cost of the omnidirectional video acquisition
equipments, the application scenarios of the omnidirectional video acquisition
equipments can be increased, and the user experience is thus improved.

The device for processing a video provided in this embodiment of the present
invention can implement the method embodiments described above, and the specific
function implementations refer to the descriptions in the method embodiments and will
not be repeated here.

It should be understood by those skilled in the art that the present invention involves
devices for carrying out one or more of operations as described in the present ap-
plication. Those devices can be specially designed and manufactured as intended, or
can comprise well known devices in a general-purpose computer. Those devices have
computer programs stored therein, which are selectively activated or reconstructed.

Such computer programs can be stored in device (such as computer) readable media or
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in any type of media suitable for storing electronic instructions and respectively
coupled to a bus, the computer readable media include but are not limited to any type
of disks (including floppy disks, hard disks, optical disks, CD-ROM and magneto
optical disks), ROM (Read-Only Memory), RAM (Random Access Memory), EPROM
(Erasable Programmable Read-Only Memory), EEPROM (Electrically Erasable Pro-
grammable Read-Only Memory), flash memories, magnetic cards or optical line cards.
In other words, the readable media comprise any media storing or transmitting in-
formation in a device (for example, computer) readable form.

It should be understood by those skilled in the art that computer program instructions
can be used to realize each block in structure diagrams and/or block diagrams and/or
flowcharts as well as a combination of blocks in the structure diagrams and/or block
diagrams and/or flowcharts. It should be understood by those skilled in the art that
these computer program instructions can be provided to general purpose computers,
special purpose computers or other processors of programmable data processing means
to be implemented, so that solutions designated in a block or blocks of the structure
diagrams and/or block diagrams and/or flow diagrams are executed by computers or
other processors of programmable data processing means.

It should be understood by those skilled in the art that the steps, measures and
solutions in the operations, methods and flows already discussed in the present
invention may be alternated, changed, combined or deleted. Further, other steps,
measures and solutions in the operations, methods and flows already discussed in the
present invention can also be alternated, changed, rearranged, decomposed, combined
or deleted. Further, the steps, measures and solutions of the prior art in the operations,
methods and operations disclosed in the present invention can also be alternated,
changed, rearranged, decomposed, combined or deleted.

The foregoing descriptions are merely some implementations of the present
invention. It should be noted that, to a person of ordinary skill in the art, various im-
provements and modifications can be made without departing from the principle of the
present invention, and these improvements and modifications shall be regarded as

falling into the protection scope of the present invention.
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Claims

A method for processing a video, comprising the steps of:

acquiring a first omnidirectional video and a second omnidirectional
video, the first omnidirectional video and the second omnidirectional
video having a stereoscopic parallax in a first direction, the first
direction being a corresponding column direction when the first omni-
directional video and the second omnidirectional video are unfolded by
longitude and latitude; and

determining one or two third omnidirectional videos according to the
first omnidirectional video and the second omnidirectional video,
wherein, if one third omnidirectional video is determined, the second
omnidirectional video and the third omnidirectional video have a
stereoscopic parallax in a second direction; if two third omnidirectional
videos are determined, the two third omnidirectional videos have a
stereoscopic parallax in the second direction; and, the second direction
is a corresponding row direction when the first omnidirectional video
and the second omnidirectional video are unfolded by longitude and
latitude.

The method according to claim 1, the step of determining one or two
third omnidirectional videos according to the first omnidirectional
video and the second omnidirectional video comprises:

determining an omnidirectional depth video according to the first omni-
directional video and the second omnidirectional video; and
determining the one or two third omnidirectional videos according to
the second omnidirectional video and the omnidirectional depth video.
The method according to claim 1, after the step of determining one or
two third omnidirectional videos according to the first omnidirectional
video and the second omnidirectional video, further comprising:
performing hole filling on the determined third omnidirectional video
to obtain a hole-filled third omnidirectional video.

The method according to any one of claims 1 to 3, after the step of
acquiring a first omnidirectional video and a second omnidirectional
video, further comprising:

calibrating the first omnidirectional video and the second omnidi-
rectional video.

The method according to claim 4, the step of calibrating the first omni-

directional video and the second omnidirectional video comprises:
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determining, according to the first omnidirectional video and the
second omnidirectional video, position and pose error parameters of
video acquisition equipments corresponding to the first omnidirectional
video and the second omnidirectional video;

determining calibration parameters according to the position and pose
error parameters; and

calibrating the first omnidirectional video and the second omnidi-
rectional video according to the calibration parameters.

The method according to claim 5, further comprising:

synchronizing timestamps respectively corresponding to the first omni-
directional video and the second omnidirectional video.

The method according to claim 1, after the step of determining one or
two third omnidirectional videos according to the first omnidirectional
video and the second omnidirectional video, further comprising:
increasing the resolution corresponding to the second omnidirectional
video and/or the determined third omnidirectional video.

The method according to claim 2, the step of determining an omnidi-
rectional depth video according to the first omnidirectional video and
the second omnidirectional video comprises:

determining the omnidirectional depth video according to the first om-
nidirectional video and the second omnidirectional video and by using
a trained deep neural network.

The method according to claim 8, the step of determining the omnidi-
rectional depth video according to the first omnidirectional video and
the second omnidirectional video and by using a trained deep neural
network comprises:

determining pixel points in the second omnidirectional video that is
matched with pixel points in the first omnidirectional video, based on
the deep neural network,;

determining depth information corresponding to each pair of matched
pixel points;

performing, based on the deep neural network, semantic annotation on
each pixel point in the second omnidirectional video; and

determining the omnidirectional depth video according to the depth in-
formation corresponding to each pair of matched pixel points and the
semantic annotation information corresponding to each pixel point in
the second omnidirectional video.

The method according to claim 2, the step of determining third omnidi-
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rectional videos according to the second omnidirectional video and the
omnidirectional depth video comprises:

step S1: determining depth information of a first pixel point, which is in
the second omnidirectional video, in the determined omnidirectional
depth video, and determining a horizontal epipolar line according to the
first pixel point;

step S2: determining a second pixel point according to the depth in-
formation of the first pixel point in the determined omnidirectional
depth video and the horizontal epipolar line; and

step S3: circulating the steps S1 to S2 until a third omnidirectional
video is obtained, wherein the third omnidirectional video consists of
all the determined second pixel points.

The method according to claim 2, the step of determining a third omni-
directional video according to the second omnidirectional video and the
omnidirectional depth video comprises:

step S4: determining a third pixel point and depth information corre-
sponding to the third pixel point, which is in the second omnidi-
rectional video, in the omnidirectional depth video;

step S5: determining a vertical stereoscopic parallax according to the
third pixel point and the depth information corresponding to the third
pixel point in the omnidirectional depth video;

step S6: determining, according to the vertical stereoscopic parallax, a
horizontal stereoscopic parallax corresponding to the vertical
stereoscopic parallax;

step S7: obtaining a fourth pixel point according to the horizontal
stereoscopic parallax and the third pixel point; and

step S8: circulating the steps S4 to S7 until the third omnidirectional
video is obtained, wherein the third omnidirectional video consists of
all the determined fourth pixel points.

The method according to claim 3, the step of performing hole filling on
the determined third omnidirectional video to obtain a hole-filled third
omnidirectional video comprises:

step S9: determining a first omnidirectional image and a second omni-
directional image corresponding to the first omnidirectional image,
wherein the first omnidirectional image belongs to the first omnidi-
rectional video and the second omnidirectional image belongs to the
second omnidirectional video;

step S10: truncating image windows of a same size from the first omni-
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directional image and the second omnidirectional image to obtain a first
window image and a second window image, respectively;

step S11: based on a generative-adversarial net, the first window image
and the second window image, generating a third image corresponding
to the second window image, the generative-adversarial net comprising
an encoding network having a high-level semantic attribute and a
decoding network having a low-level image attribute;

step S12: determining, in the determined third omnidirectional video,
frame images corresponding to the generated third image, and
performing hole filling on the determined frame images; and

step S13: circulating the steps S9 to S12 until the hole filling of each
frame image in the determined third omnidirectional video is
completed.

The method according to claim 3, the step of performing hole filling on
the determined third omnidirectional video to obtain a hole-filled third
omnidirectional video comprises:

determining a filling strategy for each frame image to be hole-filled in
the determined third omnidirectional video; and

performing hole filling according to the filling strategy to obtain a hole-
filled third omnidirectional video.

The method according to claim 13, the step of determining a filling
strategy for each frame image to be hole-filled in the determined third
omnidirectional video comprises:

inputting a preset number of images before each frame image to be
hole-filled in the determined third omnidirectional video into the
generative-adversarial net to obtain a filling strategy corresponding to
each frame image to be hole-filled in the third omnidirectional video.
The method according to any one of claims 1 to 3 and claims 5 to 14,
further comprising:

stabilizing the second omnidirectional video and/or the determined
third omnidirectional video.

The method according to claim 15, the step of stabilizing the second
omnidirectional video and/or the determined third omnidirectional
video comprises:

rendering the second omnidirectional video and/or the determined third
omnidirectional video onto a stabilized target trajectory to obtain a
stabilized second omnidirectional video and/or a stabilized third omni-

directional video.



WO 2020/085541

[Claim 17]

[Claim 18]

26
PCT/KR2018/012748

The method according to claim 16, the way of determining the target
video stabilization trajectory comprises:

determining, according to the omnidirectional depth video, position in-
formation of a three dimensional environment model corresponding to
each video acquisition equipment at each moment during its movement;
determining, according to the position information of the three di-
mensional environment model corresponding to each video acquisition
equipment at each moment during its movement, a three dimensional
movement trajectory of the video acquisition equipment in a world co-
ordinate system; and

filtering the three dimensional movement trajectory to obtain the target
video stabilization trajectory.

A device for processing a video, comprising:

an acquisition module configured to acquire a first omnidirectional
video and a second omnidirectional video, the first omnidirectional
video and the second omnidirectional video having a stereoscopic
parallax in a first direction, the first direction being a corresponding
column direction when the first omnidirectional video and the second
omnidirectional video are unfolded by longitude and latitude; and

a determination module configured to determine one or two third omni-
directional videos according to the first omnidirectional video and the
second omnidirectional video, wherein, if one third omnidirectional
video is determined, the second omnidirectional video and the third
omnidirectional video have a stereoscopic parallax in a second
direction; if two third omnidirectional videos are determined, the two
third omnidirectional videos have a stereoscopic parallax in the second
direction; and, the second direction is a corresponding row direction
when the first omnidirectional video and the second omnidirectional

video are unfolded by longitude and latitude.
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