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IMAGE ENCODING

BACKGROUND

[0001] With the development of camera arrays, head-mounted displays and sensors to
track head positions, the applications of omnidirectional video have emerged, aiming to
provide users with visually immersive experiences. The omnidirectional video is
generally composed of a plurality of spherical images. As the traditional image and/or
video encoding system usually takes rectangular images as input, it is difficult for the
omnidirectional video composed of a plurality of spherical images to be compressed.
Therefore, to compress the omnidirectional video, it is usually necessary to map the
spherical images into rectangular images. However, such mapping may introduce
considerable distortion to the image. In addition, different parts of a moving object may
have different geometric distortions, which may reduce the encoding performance
significantly.

SUMMARY

[0002] According to the implementations of the subject matter described herein, there is
provided an encoding method, an encoding device and a computer program product. Once
a source image is mapped into a target image and a source pixel in the source image is
mapped into a target pixel of the target image, the method determines an impact of the target
pixel on the mapping based on the source and target pixels. The method also determines
a distortion caused by encoding of the target image at least based on the determined impact.
Furthermore, based on the determined distortion, the method determines at least part of
encoding parameters for the encoding of the target image.

[0003] This Summary is provided to introduce a selection of concepts in a simplified
form that are further described below in the Detailed Description. This Summary is not
intended to identify key features or essential features of the claimed subject matter, nor is it
intended to be used to limit the scope of the claimed subject matter.

BRIEF DESCRIPTION OF THE DRAWINGS

[0004] FIG. 1 shows a block diagram of a system 100 in which implementations of the
subject matter as described herein can be implemented,

[000S5] FIG. 2 shows a flowchart of an encoding method 200 according to
implementations of the subject matter as described herein;

[0006] FIG. 3 shows a schematic diagram of mapping the spherical image into the

rectangular image by equirectangular projection; and
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[0007] FIG. 4 shows a block diagram of an example computing system/server 400 in
which one or more implementations of the subject matter described herein can be
implemented.

[0008] Throughout the drawings, the same or similar reference symbols are used to
indicate the same or similar elements.

DETAILED DESCRIPTION

[0009] The subject matter described herein will now be discussed with reference to
several example implementations. It should be understood these implementations are
discussed only for the purpose of enabling those skilled persons in the art to better
understand and thus implement the subject matter described herein, rather than suggesting
any limitations on the scope of the subject matter.

[0010] As used herein, the term “includes” and its variants are to be read as open terms
that mean “includes, but is not limited to.” The term “based on” is to be read as “based at
least in part on.” The term “one implementation” and “an implementation” are to be read
as “at least one implementation.” The term “another implementation” is to be read as “at
least one other implementation.” The terms “first,” “second,” and the like may refer to
different or same objects. Other definitions, explicit and implicit, may be included below.
A definition of a term is consistent throughout the description unless the context clearly
indicates otherwise.

[0011] FIG. 1 shows a block diagram of a system 100 in which implementations of the
subject matter as described herein can be implemented. The system 100 may be used for
processing an image and/or a video. Particularly, the system 100 may be used for
processing an omnidirectional video. As shown in FIG.1, the system 100 in general may
be divided into an encoding sub-system 110 and a decoding sub-system 120. It is to be
understood that the structure and functionality of the system 100 are described only for the
purpose of illustration without suggesting any limitations to the scope of the subject matter
described herein. The subject matter described herein can be embodied with a different
structure and/or functionality. Furthermore, some or all of the modules included in the
system 100 can be implemented by software, hardware, firmware, and/or any suitable
combination of the foregoing.

[0012] As shown in FIG. 1, the encoding sub-system 110 may include a capturing
module 111, a stitching module 112, a mapping module 113 and an encoding module 114.
In some implementations, these modules can be distributed on different devices.

Alternatively, in some other implementations, these modules can be implemented on the
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same device. In addition, some of these modules can be incorporated into other modules.
For example, in some implementations, the mapping module 113 can be incorporated into
the encoding module 114.

[0013] For example, the capturing module 111 may be implemented by a camera array
which can cover all the directions of the light illuminating the camera array.  The capturing
module 111 may be used to capture video signals from different directions.

[0014] The stitching module 112 may receive image signals captured by the capturing
module 111 from different directions and apply a stitching process to derive a source image.
For example, the stitching module 112 may generate the source image from the image
signals captured by the capturing module 111 from different directions. The source image
may be a non-planar image. Particularly, the source image, for instance, may include a
spherical image which records visual signals from all the directions observed from the center
of the sphere. The stitching module 112 can also combine a plurality of spherical images
as a spherical image sequence. The combined spherical image sequence is exactly an
omnidirectional video signal.

[0015] The omnidirectional video signal represented by the spherical image sequence
may treat video signals from every direction equally, which is beneficial to the subsequent
video rendering. However, since the traditional image and/or video encoding system
generally takes rectangular images as input, such omnidirectional video signal is difficult to
be compressed. To compress and transmit the omnidirectional video signal, for example,
a mapping module 113 may be utilized to map the source image in the omnidirectional video.
For example, the mapping module 113 may map the source image into a target image.
Particularly, the mapping module 113, for example, may map the spherical image in the
spherical image sequence into a rectangular image.

[0016] The mapping module 113 may perform the above mapping in many ways. For
example, in some implementations, to map the spherical image into a rectangular image, the
mapping module 113 may perform the above mapping by means of equirectangular
projection, which is widely adopted in head-mounted displays. As used herein, the term
“equirectangular projection” may refer to a process by which longitudes of the sphere with
a constant gap are mapped into vertical lines with a constant gap and latitude lines of the
sphere with a constant gap are mapped into horizontal lines with a constant gap. For ease
of description, implementations of the subject matter are described herein with
equirectangular projection as an example. However, it should be understood that the

subject matter described herein can also be embodied with other mapping methods. The
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scope of the subject matter described herein is not limited in this aspect.

[0017]  After the source image (such as the spherical image in the spherical image
sequence) 1s mapped into the target image (such as the rectangular image), the encoding
module 114 can be employed to compress the image and/or video signal into image and/or
video bitstream. The compressed image and/or video bitstream, for example, can be
utilized for transmission to different devices.

[0018] The decoding sub-system 120 may perform an inverse process of the above
process perfromed by the encoding sub-system 110 to reconstruct the image and/or video
signal from the received image and/or video bitstream. Particularly, when the received
bitstream is a compressed omnidirectional video signal, the decoding sub-system 120 can
reconstruct the omnidirectional video signal from the received video bitstream. As shown
in FIG. 1, the decoding sub-system 120 may include a decoding module 121, an unmapping
module 122 and a rendering module 123. In some implementations, these modules can be
distributed on different devices. Alternatively, in some implementations, these modules
can be implemented on the same device. Moreover, some of these modules can be
incorporated into other modules. For example, in some implementations, the unmapping
module 122 can be incorporated into the decoding module 121.

[0019] The decoding module 121 may decode the received image and/or video bitstream
into the image and/or video. Then, the unmapping module 122 may perform an inverse
process of the above process performed by the mapping module 113, and map the target
image (such as the rectangular image) in the image and/or video back into the source image
(such as the spherical image), thereby reconstructing the image and/or video signal. The
rendering module 123 may display the reconstructed image and/or video signal to the
corresponding display device (such as a head-mounted display).

[0020] As described above, during the processing of the image and/or video, the process
for mapping the source image (such as the spherical image), which is probably non-planar,
to the target image (such as the rectangular image) may introduce a considerable distortion
totheimage. Taking equirectangular projection as an example, a point at the north pole of
the sphere may be mapped into the topest line of the rectangular image, while a point at the
equator of the sphere may remain the same before and after mapping. Such a geometric
distortion may become greater as a point becomes farther from the equator. Furthermore,
the distortion may also impact the motion. For example, an object with a rigid motion may
have a much more complicated motion after the mapping because different parts of the

object may have different geometric distortions. As used herein, the term “rigid motion”
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refers to a movement of an object in which the distance between any two points of the object
remains constant before and after the movement. However, the traditional video encoding
system is usually designed to be adapted for a linear motion (namely, the trajectory of the
motion is linear) and/or a rigid motion.  Therefore, such a geometric distortion can reduce
the video encoding performance significantly.

[0021] In order to solve the problems above and one or more of other potential problems,
according to the example implementations of the subject matter described herein, there is
provided an encoding scheme, which can determine different impact of different points on
the mapping process from the source image to the target image and can be adapted to any
mapping methods (including but not limited to Equirectangular Projection) currently known
or to be developed in the future. The scheme can adjust measurement for the distortion
caused by encoding based on the determined impact, and determine at least part of encoding
parameters for the encoding of the image based on the adjusted measurement for the
distortion so as to improve the encoding performance. It is to be understood that the
encoding scheme according to the implementations of the subject matter described herein
can be used to encode an image and/or a video. Particularly, the encoding scheme can be
used to encode an omnidirectional video to improve the encoding performance for the
omnidirectional video.

[0022] FIG. 2 shows a flowchart of an encoding method 200 according to the
implementations of the subject matter described herein.  For example, in some
implementations, method 200 can be implemented by the encoding sub-system 110 as
shown in FIG. 1. It is to be understood that method 200 may further include additional
actions not shown and/or omit the shown actions. The scope of the subject matter
described herein is not limited in this aspect.

[0023] At block 210, the encoding sub-system 110 determines, in response to a source
image being mapped into a target image and at least based on at least one source pixel in
the source image and at least one target pixel in the target image, an impact of the at least
one target pixel on the mapping. The at least one source pixel in the source image is
mapped into the at least one target pixel in the target image.

[0024]  Asused herein, the term “source image” may include for example a planar image
or a non-planar image of any type. Furthermore, the source image may be an image in a
video. For example, the source image can be any of a plurality of spherical images
composing of an omnidirectional video. As used herein, the term “target image”, for

instance, may be an image of any type that the source image is mapped into. For instance,
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when the source image is a spherical image, the target image may be a rectangular image.
As used herein, the term “source pixel” may refer to a pixel in the source image while the
term “target pixel” may refer to a pixel corresponding to the source pixel in the target image
that the source image is mapped into. For the sake of illustration, in the following
descriptions, a spherical image is taken as an example for the source image and a rectangular
image is taken as an example for the target image. However, it is to be understood that this
is only for the purpose of illustration, without suggesting any limitations to the scope of
subject matter as described herein in any manner.

[0025] Forexample, FIG. 3 shows a schematic diagram of mapping the spherical image
into the rectangular image by equirectangular projection. As shown in FIG. 3, a
spherical image 310 may be mapped into a rectangular image 320. Particularly, a source
pixel 311 in the spherical image 310 is mapped into a target pixel 321 in the rectangular
image 320. Furthermore, it can be seen that a point at the north pole of the spherical image
310 may be mapped into the toppest line of the rectangular image 320 by equirectangular
projection, while a relative distance between two points at the equator in the spherical image
310 remains the same before and after mapping. Actions of the method 200 will be
described in further detail with reference to FIG. 3. For example, only for the purpose of
illustration, the spherical image 310 is taken as an example for the source image and the
rectangular image 320 is taken as an example for the target image in the following
descriptions. However, itis to be understood that this is only for the purpose of illustration,
without suggesting any limitations to the scope of subject matter as described herein in any
manner.

[0026] As described above, although mapping the spherical image 310 into the
rectangular image 320 may facilitate the encoding, such mapping may introduce a geometric
distortion that significantly impacts the encoding performance, and result in different impact
of different parts in the image on the geometric distortion.

[0027]  Suppose that each of source pixels in the spherical image 310 is equally important,
the respective target pixel in the rectangular image 320 may be of different significance.
In other words, different target pixels in the rectangular image 320 may have different
impact on the mapping.

[0028] Insomeimplementations, the encoding sub-system 110 may determine the impact
of the target pixel 321 on the mapping based on the number of pixels included in the source
pixel 311 in the spherical image 310 (also referred as “first number”) and the number of

pixels included in the target pixel 321 in the rectangular image 320 (also referred as “second
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number”). For example, the impact may be represented as a weight associated with the
target pixel 321. In some implementations, the weight may be quantified as, for example,
a ratio between the first number and the second number. It is to be understood that this is
only for the purpose of illustration, without suggesting any limitations to the scope of subject
matter as described herein in any manner. In alternative implementations, any suitable
calculation can be applied to the first and second numbers, and the calculated result can be
used as a quantitative representation of the above impact.

[0029] For example, suppose the width of the rectangular image 320 derived from the
spherical image 310 is of W pixels and the height thereof'is of H pixels, a pixel (for example,
target pixel 321) which is the j™ pixel of the rectangular image 320 in the horizontal direction
and the i™ pixel in the vertical direction may be represented as I [i,j], where i[0, H-1] and
je[0, W—1]. The weight associated with the target pixel I[i, j] may be represented as
Al1,j)]. For example, a smaller A[i,j] may indicate that the target pixel I[i,j]
corresponds to a smaller area of the spherical image (namely, less source pixels), and
thus the target pixel I[i,j] may have smaller impact on the distortion. Accordingly, a
larger A[i,j] may indicate that the target pixel I[i,j] corresponds to a larger area of the
spherical image (namely, more source pixels), and thus the target pixel I[i, j] may have
larger impact on the distortion.

[0030] In some implementations, for example, in the case of equirectangular projection,

Ali,j] may be determined based on the value of 7 as follows:

(i+05)t =«

AlLjl = cos[E02E ) (1)
[0031] Furthermore, each of source pixels in the spherical image 310 may have
different importance. For instance, each of the source pixels in the spherical image
310 may have a degree of importance associated with the encoding. In some
implementations, the degree of importance, for instance, may be represented as a
weight reflecting the importance of the source pixel per se. For example, a higher
weight may indicate that the source pixel has greater impact on the encoding, while a
lower weight may indicate that the source pixel has smaller impact on the encoding.
In this case, the encoding sub-system 110 may also determine the impact of the target
pixel on the mapping based on the source pixel, the target pixel corresponding to the
source pixel and the degree of importance associated with the source pixel (such as the
weight reflecting the importance of the source pixel per se).

[0032] For example, the target pixel I[i, j] (such as the target pixel 321) in the
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rectangular image 320 may correspond to at least one source pixel (such as the source pixel
311) in the spherical image 310, and each of the at least one source pixel may have a
respective weight reflecting its importance. In this case, in some implementations, the
encoding sub-system 110 may determine the weight associated with the at least one source
pixel based on a respective weight of each of the at least one source pixels (for example, by
averaging or by other proper means). Suppose that the weight associated with the at least
one source pixel is represented as w[i,j] and the weight determined based on the number
of pixels in the at least one source pixels and the number of pixels in the target pixel
I[i,j] is represented as a[i,j] (for instance, according to equation (1)). In some
implementations, the weight A[i,j] associated with the target pixel I[1,j)] may be
determined as, for instance, a product of w[i,j] and a[i,j].

[0033] In some implementations, for the purpose of encoding, the target image may
be divided into a plurality of image blocks. If an image block is relatively small, it
may be considered approximately that different target pixels in the image block have
the same impact on the mapping. In other words, different target pixels in the image
block may have the same weight. In this case, for example, the weight associated
with one target pixel in the image block can be assigned to other pixels in the same
image block to simplify some of the following-up processing.

[0034] In this manner, the implementations of the subject matter described herein can
determine different impact of different pixels on the mapping during the mapping process
from the source image to the target image in a quantitative manner. In addition, it can be
seen that while determining the impact, the implementations of the subject matter described
herein are not limited to a particular mapping method but can be adapted to any of mapping
methods currently known or to be developed in the future.

[0035] Continuing to refer to FIG. 2, at block 220, the encoding sub-system 110
determines a distortion caused by encoding of the target image based on the impact of the
at least one target pixel (such as the target pixel 321) on the mapping. In some
implementations, the encoding sub-system 110 may determine the distortion by generating
an error measuring the distortion and then estimate corresponding image and/or video
encoding parameters based on the generated error in the subsequent actions.

[0036] In some implementations, the error for measuring the distortion caused by the
encoding of the target image may include, for example, Sum of Squares for Error (SSE)
between the rectangular image and the reconstructed image. As used herein, the term

“reconstructed image” may refer to an image derived from at least in part applying an
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inverse process of the encoding to the encoded target image. For instance, in image and/or
video encoding, to provide a part of reference data (for example, to provide reference images
for predicting encoding in the video encoding), the encoding module 114 may usually
perform a reconstruction to the encoded image. The encoding sub-system 110 may, for
example, obtain a reconstructed image of the target image from the encoding module 114 to
calculate SSE between the target image and the reconstructed image.

[0037] In some implementations, the error for measuring the distortion caused by the
encoding of the target image may further include Sum of Absolute Difference (SAD) or
Sum of Absolute Transformation Difference (SATD) between the target image and the
reconstructed image. For example, the encoding sub-system 110 may obtain the
reconstructed image of the target image (such as from the encoding module 114) to calculate
SAD or SATD.

[0038] Different errors for measuring the distortion caused by the encoding of the target
image can be applied to different modules (such as movement estimation module, filtering
module and/or so on) of the image and/or video encoder, for example, so as to estimate
respective encoding parameters for different modules.

[0039] Suppose that the reconstructed pixel in the reconstructed image of the target
image corresponding to the target pixel I[i,j] is represented as I'[i,j]. In traditional

solutions, SSE, SAD and SATD may be determined as follows, respectively:

SSE = Yt W UL 1 = I D2 (2)
SAD = Y ST 1 = I 3)
SATD = Y3 NG H o 1[i,j1 = H o I'[i, j]] (4)

where H o represents Hadamard transformation.

[0040] In the implementations of the subject matter described herein, taking into account
different impact of different pixels in the target image on the mapping, the encoding sub-
system 110 may determine the distortion based on the target image, the reconstructed image
of the target image and different impact of different pixels in the target image on the
mapping. For example, the encoding sub-system 110 may adjust distortion measurement
of the traditional solutions based on different impact of different pixels in the target image
on the mapping.

[0041] Specifically, in some implementations, the encoding sub-system 110 may

generate, based on different impact of different pixels in the target image on the mapping,
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Sum of Squares for Error (hereinafter referred to as “SSE’”) between the target image and
its reconstructed image, Sum of Absolute Difference (hereinafter referred to as “SAD’”)
and/or Sum of Absolute Transformation Difference (hereinafter referred to as “SATD’”) for
use in the estimation of image and/or video encoding parameters in the subsequent actions.

For example, SSE’, SAD’ and SATD’ may be determined as follows, respectively:

H-1W-1
SSE'= )" " AL AL - ' 1Y
i=0 j=0
= YU S (AT ] — AT T 1) (5)
SAD' = B TS VAL L T — AL T L] (©)

SATD' =TI TY5 M H o (AL JILID — He (JARII'[L D) (7)
where H o represents Hadamard transformation.
[0042] More generally, suppose that D(I[, j], I'[i, j]) measures the distortion between
the pixel I[i,j] and its reconstructed pixel [I'[i,j] in traditional solution, the
corresponding distortion D’(I[i,j], I'[i,j]) according to the implementations of the

subject matter described herein may be represented as follows:

D'(I[i,j1,1'[i,j1) = DAL I i, AL 1T [ 1) (8)
In this way, the implementations of the subject matter described herein can adjust the
measurement of the distortion for the image and/or video encoding based on different impact
of different pixels on the mapping.
[0043] At block 230, the encoding sub-system 110 determines at least part of encoding
parameters for the encoding of the target image based on the distortion determined at block
220.
[0044] In image and/or video encoding, for example, for an image block in the target
image to be encoded, there may exist a plurality of encoding parameters for the encoding of
the image block. Examples of encoding parameters may include one or more of the
following: a quantitation parameter (QP) corresponding to a respective quantitative step size
and deciding the quantitative degree of the image and/or video encoding; an encoding mode
for the image block (for example, intra-frame prediction or inter-frame prediction, as well
as the prediction direction of intra-frame prediction and/or inter-frame prediction in video
encoding); a manner for further dividing the image block into sub-image blocks; a type of

transformation applied to the image block, such as discrete cosine transformation or
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direction linear transformation; and the like.

[0045] In some implementations, a rate distortion optimization process may be applied
by the encoding sub-system 110 to compare different values of encoding parameters, so as
to determine at least part of encoding parameters with the optimal encoding performance.
In some implementations, the encoding sub-system 110 may compare different values of all
of the encoding parameters to determine values of all of the encoding parameters with the
optimal encoding performance. In some other implementations, the encoding sub-system
110 may also compare different values of part of the encoding parameters to determine
values of part of encoding parameters with the optimal encoding performance. For
example, in some cases, one or more encoding parameters might have been determined.
Therefore, the encoding sub-system may apply an optimization process to other encoding
parameters other than the one or more encoding parameters.

[0046] Asused herein, the term “rate distortion optimization process” refers to a process
of determining encoding parameters with the optimal encoding performance based on the
rate distortion theory. The main targets of the rate distortion optimization process are: 1)
to reduce distortion of the image and/or video at certain coding rate limits; and 2) to reduce
encoding rate as much as possible with a certain degree of distortion being allowed.

[0047] In some implementations, the rate distortion optimization process may be
transformed into a Lagrangian optimization process.  Specifically, the Lagrangian

optimization process can be described as follows:

minimize Zzzl(Dk + ARy) 9)
where N represents the number of image blocks in the target image to be encoded, Dy
represents the encoding distortion corresponding to the k' image block, A represents
a Lagrangian operator, and R, represents the total number of bits for encoding the k'
image block. Suppose that D is utilized to represent Y.¥_, D, and R is utilized to
represent Y.o_, Ry, the above equation (9) can be simplified as:

minimize (D + AR) (10)
according to equation (10), the Lagrangian optimization process can be interpreted as to
determine encoding parameters such that the value of (D + AR) is minimum (namely, to
determine encoding parameters with the optimal encoding performance).

[0048] In some implementations, the encoding sub-system 110 may determine any of
SSE’, SAD’ and SATD’ according to equations (5)-(7) and use it as D in equation (10), so

as to determine the encoding parameters with the optimal encoding performance.
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More generally, in some implementations, the encoding sub-system 110 may also
determine other distortion measurement based on equation (8) and use it as D) in
equation (10), thereby, so as to the encoding parameters with the optimal encoding
performance.

[0049] Insome implementations, as described above, if an image block is small, different
pixels in the image block may be considered as having the same weight approximately. In
this case, when SSE’ is used as an error to measure the encoding distortion, the Lagrangian
optimization process can be further simplified.

[0050] For example, suppose that the weight of the k™ image block is wy, the distortion
corresponding to the k™ image block determined based on the traditional solutions (for
example, equation (2)) is SSE,, and the distortion corresponding to k' image block
determined according to implementations of the subject matter described herein (for
example, equation (5)) is SSE;’. According to equations (2) and (5), it can be
determined that SSE, and SSE,’ may have a relationship as follows: SSE;'=wSSE|.

Thus, the above equation (9) can be transformed into:
N
minimize z(SSEk’ + ARy)
k=1

= minimize Zzzl(WkSSEk + ARy)

N
= minimize E (SSEy + iRk)
k=1 Wk

N
— minimize (SSE + 2 (XR) (11)
k=1 Wk
It can be seen from equation (11) that in some implementations of the subject matter
described herein, the calculation of SSE may not need to be changed during the Lagrangian

optimization process (namely, SSE may be calculated according to equation (2)), while only

the Lagrangian operator may need to be changed from A to 7, so as to determine the

encoding parameters with the optimal encoding performance. In this way, the
implementations of the subject matter described herein can determine, based on the adjusted
distortion measurement, the optimal encoding parameters for the encoding of the image
and/or video (such as the omnidirectional video) without making a big change to the current
image and/or video encoder to improve the encoding performance.

[0051] In some implementations, the encoding parameter to be determined may include

QP which corresponds to a respective quantitative step size and decides the quantitative
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degree of the image and/or video encoding. In the image and/or video encoding, the

Lagrangian operator A and QP usually have the following relationship:

A = 0.57 x 2(@P-12)/3 (12)

namely,

QP = 3log, A + 14.43 (13)
[0052] According to equation (11), for the k" image block, its quantitation parameter

QP’ can be determined as follows:

QP’ = 3log, Wik +14.43 = QP — 3log, w;, (14)
It can be seen from equation (14) that in the implementations of the subject matter described
herein, for the k™ image block, an offset amount of —3 log, w; can be applied to QP to
obtain the quantitation parameter QP with the optimal encoding performance. In
other words, the encoding sub-system 110 may determine, only based on the weight
associated with the image block and the Lagrangian operator, the optimal quantitation
parameter as the at least part of encoding parameters for the encoding of the target image,
thereby further improving the encoding performance for the omnidirectional video.
[0053] Furthermore, in some implementations, the method 200 may further include
actions not shown in FIG. 2. For example, before block 210, the encoding sub-system 110
(such as the mapping module 113) may map the source image into the target image. For
example, the encoding sub-system 110 may map the spherical image 310 into the
rectangular image 320 by means of equirectangular projection. After block 230, the
encoding sub-system (such as the encoding module 114) may use the encoding parameters
determined at block 230 to encode the target image. It is to be understood that this is
merely for the purpose of simplification, without suggesting any limitations to the scope of
subject matter as described herein in any manner.
[0054] It can be known from the above description that implementations of the subject
matter described herein can determine different impact of different points on the mapping
process from the source image to the target image and can be adapted to any mapping
methods (including but not limited to equirectangular projection) currently known or to be
developed in the future. The implementations of the subject matter described herein can
adjust measurement for the distortion caused by the encoding based on the determined
impact, and determine at least part of encoding parameters for the encoding of the image
based on the adjusted measurement for the distortion so as to improve the encoding

performance.
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[0055] FIG. 4 shows a block diagram of an example computing system/server 400 in
which one or more implementations of the subject matter described herein can be
implemented. For example, in some implementations, the encoding sub-system 110 as
shown in FIG. 1 can be implemented by the computing system/server 400. The computing
system/server 400 as shown in FIG. 4 is only an example, which should not be construed as
any limitation to the function and scope of use of the implementations of the subject matter
described herein.

[0056] As shown in FIG. 4, the computing system/server 400 is in a form of a general-
purpose computing device. Components of the computing system/server 400 may include,
but are not limited to, one or more processors or processing units 400, a memory 420, one
or more input devices 430, one or more output devices 440, storage 450, and one or more
communication units 460. The processing unit 400 may be a real or a virtual processor
and is capable of performing various processes in accordance with a program stored in the
memory 420. In a multi-processing system, multiple processing units execute computer-
executable instructions to increase processing power.

[0057] The computing system/server 400 typically includes a variety of machine
readable medium. Such medium may be any available medium that is accessible by the
computing system/ server 400, including volatile and non-volatile medium, removable and
non-removable medium. The memory 420 may be volatile memory (e.g., registers, cache,
a random-access memory (RAM)), non-volatile memory (e.g., a read only memory (ROM),
an electrically erasable programmable read only memory (EEPROM), a flash memory), or
some combination thereof. The storage 450 may be removable or non-removable, and may
include machine readable medium such as flash drives, magnetic disks or any other medium
which can be used to store information and which can be accessed within the computing
system/server 400.

[0058] The computing system/server 400 may further include other removable/non-
removable, volatile/non-volatile computing system storage medium. Although not shown in
FIG. 4, a disk driver for reading from or writing to a removable, non-volatile disk (e.g., a
“floppy disk™), and an optical disk driver for reading from or writing to a removable, non-
volatile optical disk can be provided. In these cases, each driver can be connected to the
bus by one or more data medium interfaces.

[0059] The memory 420 may include at least one program product having a set (e.g., at
least one) of program modules that are configured to carry out the functions of various

implementations described herein.  For instance, when one or more modules in system 100
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are implemented as software modules, they can be stored in the storage 420 and when
accessed and operated by the processing unit 400, they can implement the function and/or
method described herein, such as method 200.

[0060] The input unit(s) 430 may be one or more of various different input devices. For
example, the input unit(s) 439 may include a user device such as a mouse, keyboard,
trackball, etc. The communication unit(s) 460 enables communication over
communication medium to another computing entity. Additionally, functionality of the
components of the computing system/server 400 may be implemented in a single computing
machine or in multiple computing machines that are able to communicate over
communication connections. Thus, the computing system/server 400 may operate in a
networked environment using logical connections to one or more other servers, network
personal computers (PCs), or another common network node. By way of example, and not
limitation, communication media include wired or wireless networking techniques.

[0061] The computing system/server 400 may also communicate, as required, with one
or more external devices (not shown) such as a storage device, a display device, and the like,
one or more devices that enable a user to interact with the computing system/server 400,
and/or any device (e.g., network card, a modem, etc.) that enables the computing
system/server 400 to communicate with one or more other computing devices. Such
communication may be performed via an input/ output (I/O) interface(s) (not shown).
[0062] Through the above depiction, it will be appreciated that implementations of the
subject matter described herein can determine different impact of different points on the
mapping process from the source image to the target image and can be adapted to any
mapping methods (including but not limited to equirectangular projection) currently known
or to be developed in the future. The implementations of the subject matter described
herein can adjust measurement for the distortion caused by the encoding based on the
determined impact, and determine at least part of encoding parameters for the encoding of
the image based on the adjusted measurement for the distortion so as to improve the
encoding performance.

[0063] The functionally described herein can be performed, at least in part, by one or
more hardware logic components. For example, and without limitation, illustrative types
of hardware logic components that can be used include Field-Programmable Gate Arrays
(FPGAs), Application-specific Integrated Circuits (ASICs), Application-specific Standard
Products (ASSPs), System-on-a-chip systems (SOCs), Complex Programmable Logic
Devices (CPLDs), and the like.
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[0064] Program code for carrying out methods of the subject matter described herein
may be written in any combination of one or more programming languages. These
program codes may be provided to a processor or controller of a general purpose computer,
special purpose computer, or other programmable data processing apparatus, such that the
program codes, when executed by the processor or controller, cause the functions/operations
specified in the flowcharts and/or block diagrams to be implemented. The program code
may execute entirely on a machine, partly on the machine, as a stand-alone software package,
partly on the machine and partly on a remote machine or entirely on the remote machine or
server.

[0065] In the context of this disclosure, a machine readable medium may be any tangible
medium that may contain, or store a program for use by or in connection with an instruction
execution system, apparatus, or device. The machine readable medium may be a machine
readable signal medium or a machine readable storage medium. A machine readable
medium may include but not limited to an electronic, magnetic, optical, electromagnetic,
infrared, or semiconductor system, apparatus, or device, or any suitable combination of the
foregoing. More specific examples of the machine readable storage medium would
include an electrical connection having one or more wires, a portable computer diskette, a
hard disk, a random access memory (RAM), a read-only memory (ROM), an erasable
programmable read-only memory (EPROM or Flash memory), an optical fiber, a portable
compact disc read-only memory (CD-ROM), an optical storage device, a magnetic storage
device, or any suitable combination of the foregoing.

[0066] Further, while operations are described in a particular order, this should not be
understood as requiring that such operations be performed in the particular order shown or
in sequential order, or that all illustrated operations be performed, to achieve desirable
results.  In certain circumstances, multitasking and parallel processing may be
advantageous. Likewise, while several specific implementation details are contained in
the above discussions, these should not be construed as limitations on the scope of the
subject matter described herein, but rather as descriptions of features that may be specific
to particular implementations. Certain features that are described in the context of separate
implementations may also be implemented in combination in a single implementation.
Conversely, various features that are described in the context of a single implementation
may also be implemented in multiple implementations separately or in any suitable sub-
combination.

[0067] Some implementations of the subject matter described herein are listed below.
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[0068] In the first aspect, there is provided an encoding device. The device comprises
a processing unit and a memory. The memory is coupled to the processing unit and stores
instructions for execution by the processing unit. The instructions, when executed by the
processing unit, cause the device to perform actions comprising: determining, in response
to a source image being mapped to a target image and at least based on at least one source
pixel in the source image and at least one target pixel in the target image, an impact of the
at least one target pixel on the mapping, the at least one source pixel being mapped to the at
least one target pixel; determining, at least based on the impact of the at least one target
pixel on the mapping, a distortion caused by encoding of the target image; and determining,
based on the distortion, at least part of encoding parameters for the encoding of the target
image.

[0069] In some implementations, determining the impact comprises: determining the
impact based on a first number of pixels in the at least one source pixel and a second number
of pixels in the at least one target pixel.

[0070] In some implementations, the at least one source pixel is associated with at least
one degree of importance on the encoding, and determining the impact comprises:
determining the impact based on the at least one source pixel, the at least one target pixel
and the at least one degree of importance.

[0071] In some implementations, the target image is associated with a plurality of image
blocks. The actions further comprise: assigning the determined impact associated with the
at least one target pixel to a pixel located in a same image block of the plurality of image
blocks as the at least one target pixel.

[0072] In some implementations, determining the distortion comprises: obtaining a
reconstructed image of the target image, the reconstructed image being derived from at least
in part applying an inverse process of the encoding to the encoded target image; and
determining the distortion based on the target image, the reconstructed image and the impact.
[0073] In some implementations, determining the distortion comprises: generating an
error measuring the distortion.

[0074] In some implementations, generating the error comprises: generating, based on
the impact, at least one of Sum of Squares for Error (SSE), Sum of Absolute Difference
(SAD) and Sum of Absolute Transformation Difference (SATD) between the target image
and the reconstructed image.

[0075] Insomeimplementations, determining the at least part of the encoding parameters

comprises: determining, based on the distortion, the at least part of the encoding parameters
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through a Lagrangian optimization process.

[0076] In some implementations, determining the at least part of the encoding
parameters further comprises: determining, based on the impact and a Lagrangian
operator employed in the Lagrangian optimization process, a quantitation parameter as
the at least part of the encoding parameters.

[0077] In some implementations, the source image is included in a video to be
encoded by the device, the source image comprises a spherical image, the target image
comprises a rectangular image and the actions further comprise: mapping the spherical
image to the rectangular image by equirectangular projection before determining the
impact associated with the at least one target pixel.

[0078] In the second aspect, there is provided an encoding method. The method
includes: determining, in response to a source image being mapped to a target image and at
least based on at least one source pixel in the source image and at least one target pixel in
the target image, an impact of the at least one target pixel on the mapping, the at least one
source pixel being mapped to the at least one target pixel; determining, at least based on the
impact of the at least one target pixel on the mapping, a distortion caused by encoding of
the target image; and determining, based on the distortion, at least part of encoding
parameters for the encoding of the target image.

[0079] In some implementations, determining the impact comprises: determining the
impact based on a first number of pixels in the at least one source pixel and a second number
of pixels in the at least one target pixel.

[0080] In some implementations, the at least one source pixel is associated with at least
one degree of importance on the encoding, and determining the impact comprises:
determining the impact based on the at least one source pixel, the at least one target pixel
and the at least one degree of importance.

[0081] In some implementations, the target image is associated with a plurality of image
blocks. The method further comprises: assigning the determined impact associated with
the at least one target pixel to a pixel located in a same image block of the plurality of image
blocks as the at least one target pixel.

[0082] In some implementations, determining the distortion comprises: obtaining a
reconstructed image of the target image, the reconstructed image being derived from at least
in part applying an inverse process of the encoding to the encoded target image; and
determining the distortion based on the target image, the reconstructed image and the impact.

[0083] In some implementations, determining the distortion comprises: generating an
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error measuring the distortion.

[0084] In some implementations, generating the error comprises: generating, based on
the impact, at least one of Sum of Squares for Error (SSE), Sum of Absolute Difference
(SAD) and Sum of Absolute Transformation Difference (SATD) between the target image
and the reconstructed image.

[0085] Insomeimplementations, determining the at least part of the encoding parameters
comprises: determining, based on the distortion, the at least part of the encoding parameters
through a Lagrangian optimization process.

[0086] In some implementations, determining the at least part of the encoding
parameters further comprises: determining, based on the impact and a Lagrangian
operator employed in the Lagrangian optimization process, a quantitation parameter as
the at least part of the encoding parameters.

[0087] In some implementations, the source image is included in a video to be
encoded by the device, the source image comprises a spherical image, the target image
comprises a rectangular image and the method further comprises: mapping the spherical
image to the rectangular image by equirectangular projection before determining the
impact associated with the at least one target pixel.

[0088] In the third aspect, there is provided a computer program product which is
tangibly stored on a non-transient machine-readable medium and comprising machine-
executable instructions. The machine-executable instructions, when executed by a device,
causing the device to perform actions of the method according to the second aspect.

[0089]  Although the subject matter has been described in language specific to structural
features and/or methodological acts, it is to be understood that the subject matter specified
in the appended claims is not necessarily limited to the specific features or acts described
above. Rather, the specific features and acts described above are disclosed as example

forms of implementing the claims.
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CLAIMS

1. Anencoding device, comprising:

a processing unit;

a memory coupled to the processing unit and storing instructions for execution by
the processing unit, the instructions, when executed by the processing unit, causing the
device to perform actions comprising:

determining, in response to a source image being mapped into a target image
and at least based on at least one source pixel in the source image and at least one target
pixel in the target image, an impact of the at least one target pixel on the mapping, the at
least one source pixel being mapped into the at least one target pixel,

determining, at least based on the impact of the at least one target pixel on the
mapping, a distortion caused by encoding of the target image; and

determining, based on the distortion, at least part of encoding parameters for
the encoding of the target image.

2. The device according to Claim 1, wherein determining the impact comprises:
determining the impact based on a first number of pixels in the at least one source

pixel and a second number of pixels in the at least one target pixel.

3. The device according to Claim 1, wherein the at least one source pixel is
associated with at least one degree of importance on the encoding, and determining the
impact comprises:

determining the impact based on the at least one source pixel, the at least one target
pixel and the at least one degree of importance.

4. The device according to Claim 1, wherein the target image is associated with a
plurality of image blocks, and the actions further comprise:

assigning the determined impact associated with the at least one target pixel to a
pixel in a same image block of the plurality of image blocks as the at least one target pixel.

5. The device according to Claim 1, wherein determining the distortion comprises:

obtaining a reconstructed image of the target image, the reconstructed image being

derived from at least in part applying an inverse process of the encoding to the encoded
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target image; and

determining the distortion based on the target image, the reconstructed image and
the impact.

6. The device according to Claim 5, wherein determining the distortion comprises:

generating an error measuring the distortion.

7. The device according to Claim 6, wherein generating the error comprises:

generating, based on the impact, at least one of Sum of Squares for Error (SSE),
Sum of Absolute Difference (SAD) and Sum of Absolute Transformation Difference
(SATD) between the target image and the reconstructed image.

8. The device according to Claim 1, wherein determining the at least part of the
encoding parameters comprises:

determining, based on the distortion, the at least part of the encoding parameters
through a Lagrangian optimization process.

9. The device according to Claim 8, wherein determining the at least part of the
encoding parameters further comprises:

determining, based on the impact and a Lagrangian operator employed in the
Lagrangian optimization process, a quantitation parameter as the at least part of the
encoding parameters.

10. The device according to Claim 1, wherein the source image is included in
a video to be encoded by the device, the source image includes a spherical image, the
target image includes a rectangular image, and the actions further comprise:

mapping the spherical image into the rectangular image via equirectangular
projection before determining the impact associated with the at least one target pixel.

11. An encoding method, comprising:

determining, in response to a source image being mapped into a target image and
at least based on at least one source pixel in the source image and at least one target pixel in
the target image, an impact of the at least one target pixel on the mapping, the at least one

source pixel being mapped into the at least one target pixel;
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determining, at least based on the impact of the at least one target pixel on the
mapping, a distortion caused by encoding of the target image; and

determining, based on the distortion, at least part of encoding parameters for the
encoding of the target image.

12. The method according to Claim 11, wherein determining the impact comprises:
determining the impact based on a first number of pixels in the at least one source

pixel and a second number of pixels in the at least one target pixel.

13. The method according to Claim 11, wherein the at least one source pixel is
associated with at least one degree of importance on the encoding, and determining the
impact comprises:

determining the impact based on the at least one source pixel, the at least one target
pixel and the at least one degree of importance.

14. The method according to Claim 11, wherein the target image is associated with
a plurality of image blocks, and the actions further comprise:

assigning the determined impact associated with the at least one target pixel to a
pixel in a same image block of the plurality of image blocks as the at least one target pixel.

15. The method according to Claim 11, wherein determining the distortion
comprises:

obtaining a reconstructed image of the target image, the reconstructed image being
derived from at least in part applying an inverse process of the encoding to the encoded
target image; and

determining the distortion based on the target image, the reconstructed image and

the impact.
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