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PICTURE PREDICTION METHOD AND RELATED DEVICE

TECHNICAL FIELD

[0001] The present invention relates to the field of video encoding and video decoding,

and specifically, to a picture prediction method and arelated device.

BACKGROUND

[0002] With development of an optoelectronic collection technology and an increasing
requirement for a high-definition digital video, a video data volume becomes increasingly
large. Limited heterogeneous transmission bandwidth and diversified video applications
impose a higher requirement on video coding efficiency. In this case, the High Efficiency
Video Coding (English: high efficient video coding, HEVC for short) standard starts to be
formulated as required.

[0003] A basic principle of video coding compression is using correlation between a
space domain, a time domain, and a codeword to eliminate redundancy as much as possible.
At present, a common manner is using a block-based hybrid video coding framework to
implement video coding compression by means of steps such as prediction (including
intra-frame prediction and inter-frame prediction), transformation, quantization, and entropy
coding. This coding framework is powerful, and the block-based hybrid video coding
framework is aso used for HEVC.

[0004] In various video encoding/decoding schemes, motion estimation/motion
compensation is a key technology affecting encoding/decoding performance. In many existing
video encoding/decoding schemes, it is generally assumed that a motion of an object meets a
requirement of a trandational motion model, and various parts of the entire object are in a
same motion. An existing motion estimation/motion compensation algorithm is basically a
block-based motion compensation agorithm based on a transational motion model (English:

translational motion model). Existing inter-frame prediction is mainly block-based motion
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compensation (English: motion compensation) prediction based on a translational motion
model. Some non-trandlational motion models (for example, an affine motion model)
designed for non-translational motions gradually emerge.

[0005] In a prediction mechanism based on an affine motion model, |ow-precision motion
vectors of two control points in a current picture block and the affine motion model may be
used to perform pixel value prediction in the prior art, so as to obtain a low-precision
predicted pixel value of the current picture block. During a process of the pixel value
prediction, an interpolation filter needs to be used to perform an interpolation filtering
operation. Precision of the obtained predicted pixel value of the current picture block is the
same as precision of the motion vectors of the two control points. If a higher-precision
predicted pixel value of the current picture block needs to be obtained, a bilinear interpolation
filter is further required to perform secondary interpolation filtering on the obtained
lower-precision predicted pixel value of the current picture block.

[0006] In the prior art, if the lower-precision motion vectors of the two control points and
the affine motion model are used to obtain the higher-precision predicted pixel value of the
current picture block, at least two interpolation filtering operations need to be performed (a
relatively large quantity of intermediate caches and memory operations are required for each
interpolation filtering operation). As aresult, arelatively large quantity of intermediate caches
and memory operations may be required during an entire picture prediction process, and

calculation complexity becomes relatively high.

SUMMARY

[0007] Embodiments of the present invention provide a picture prediction method and a
related device, so as to reduce a quantity of intermediate caches and memory operations that
are required for interpolation filtering during a picture prediction process, and reduce
calculation complexity during the picture prediction process.

[0008] A first aspect of the embodiments of the present invention provides a picture
prediction method, including:

determining motion vectors of W control pointsin a current picture block;
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obtaining, by means of calculation, motion vectors of P pixel units of the current
picture block by using a motion model and the motion vectors of the W control points, where
precision of the determined motion vectors of the W control points is 1/n of pixel precision,
precision of the motion vector that is obtained by means of calculation and that is of each of
the P pixel unitsis 1/N of the pixel precision, the P pixel units are some or all of pixel units of
the current picture block, the motion vector of each of the P pixel unitsis used to determine a
corresponding reference pixel unit, in a reference picture, of a corresponding pixel unit, W, n,
and N are integers greater than 1, N is greater than n, and Pis a positive integer; and

performing interpolation filtering on a pixel of the corresponding reference pixel
unit, in the reference picture, of each of the P pixel units by using an interpolation filter with a
phase of Q, to obtain a predicted pixel value of each of the P pixel units, where Q is an integer
greater than n.
[0009] With reference to the first aspect, in a first possible implementation of the first
aspect, avaue of N isapreset fixed value, and Q isless than or equal to N.
[0010] With reference to the first aspect or the first possible implementation of the first
aspect, in a second possible implementation of the first aspect, a horizontal component or a
vertical component of one of the motion vectors of the W control points is amplified N times
in the motion model by using N, or a component difference between motion vectors of any
two of the W control pointsisamplified N times in the motion model by using N.
[0011] With reference to the first aspect, the first possible implementation of the first
aspect, or the second possible implementation of the first aspect, in a third possible
implementation of the first aspect, the performing interpolation filtering on a pixel of the
corresponding reference pixel unit, in the reference picture, of each of the P pixel units by
using an interpolation filter with a phase of Q includes:

obtaining, by means of calculation, a phase of each of the P pixel units by using
the motion vector of each of the P pixel units; determining, based on the phase of each pixel
unit, the interpolation filter with the phase of Q that is corresponding to the corresponding
pixel unit, where a filter coefficient used by the interpolation filter is corresponding to the
phase; and performing interpolation filtering on the pixel of the corresponding reference pixel

unit, in the reference picture, of each pixel unit by using the determined interpolation filter
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with the phase of Q that is corresponding to the corresponding pixel unit.
[0012] With reference to the third possible implementation of the first aspect, in a fourth
possible implementation of the first aspect, the obtaining, by means of calculation, a phase of
each of the P pixel units by using the motion vector of each of the P pixel units includes:
obtaining, by means of calculation, the phase of each of the P pixel units according to the
following formula by using the motion vector of each of the P pixel units:

X'=abs (v, )%N, or X'=v,, & (1 < M) -1);

h
Y' = s (v, )N, OrY' = vy & (L < M) —1); o0

M is equa to logoN when N is an integral power of 2, X' represents a horizontal
phase of a pixel unit with coordinates of (X, y) in the current picture block, Y' represents a

vertical phase of the pixel unit with the coordinates of (X, y) in the current picture block,
Vx represents a horizontal component of a motion vector, whose precision is N of the
pixel precision, of the pixel unit with the coordinates of (X, y) in the current picture block, and
Vyy represents a vertica component of the motion vector, whose precision is /N of the

pixel precision, of the pixel unit with the coordinates of (x, y) in the current picture block.
[0013] With reference to the third possible implementation of the first aspect or the fourth
possible implementation of the first aspect, in a fifth possible implementation of the first
aspect, the phase includes a horizontal phase and a vertical phase; and the determining, based
on the phase of each pixel unit, the interpolation filter with the phase of Q that is
corresponding to the corresponding pixel unit includes: determining, based on the horizonta
phase of each pixel unit, a horizontal interpolation filter with a phase of Q that is
corresponding to the corresponding pixel unit; and determining, based on the vertical phase of
each pixel unit, a vertical interpolation filter with a phase of Q that is corresponding to the
corresponding pixel unit, where afilter coefficient used by the horizontal interpolation filter is
corresponding to the horizontal phase, and a filter coefficient used by the vertica
interpolation filter is corresponding to the vertical phase.

[0014] With reference to the fifth possible implementation of the first aspect, in a sixth
possible implementation of the first aspect, the performing interpolation filtering on the pixel

of the corresponding reference pixel unit, in the reference picture, of each pixel unit by using
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the determined interpolation filter with the phase of Q that is corresponding to the
corresponding pixel unit includes:

performing horizontal interpolation filtering on a pixel of a corresponding
reference pixel unit, in the reference picture, of a pixel unit i by using a determined horizontal
interpolation filter with a phase of Q that is corresponding to the pixel unit i, to obtain a
horizontal interpolation filtering result; and performing vertical interpolation filtering on the
horizontal interpolation filtering result by using a determined vertical interpolation filter with
a phase of Q that is corresponding to the pixel unit i, to obtain a predicted pixel value of the
pixel unit i, where the pixel unit i isany one of the P pixel units; or

performing vertical interpolation filtering on a pixel of a corresponding reference
pixel unit, in the reference picture, of a pixel unit j by using a determined vertical
interpolation filter with a phase of Q that is corresponding to the pixel unit j, to obtain a
vertical interpolation filtering result; and performing horizontal interpolation filtering on the
horizontal interpolation filtering result by using a determined horizontal interpolation filter
with a phase of Q that is corresponding to the pixel unit j, to obtain a predicted pixel value of
the pixel unit j, where the pixel unit j isany one of the P pixel units.
[0015] With reference to any one of the first aspect, or the first to the sixth possible
implementations of the first aspect, in a seventh possible implementation of the first aspect,
the motion model is a trand ational motion model, an affine motion model, a rotational motion
model, a parabolic motion model, a shearing motion model, a zooming motion model, a
perspective motion model, or a bilinear motion model.
[0016] With reference to any one of the first aspect, or the first to the seventh possible
implementations of the first aspect, in an eighth possible implementation of the first aspect,
the motion model is represented as follows when W is equal to 2:

(le _V0x) X N X — (Vly _VOy) X N

Vi = ( 3 3 y+Nv,)/n
V,, —V,, ) x N _
Vi :(( Ly Ey) X+ (v VLox)X N y+Nv,)/n
, or



10

15

_ (M Vo) x(N/n) ¥ (Vly_VOy)X(N/n)

" = L L y+(N/n)V0x
V,, —V, N/n -
\ = ( 1y Oyl)_X( )X+ (Vi VOx)LX(N/n) y+(N/h)Voy
, Where

L represents a width or a height of the current picture block, (V,,V%,) and
(le,vly) represent motion vectors, whose precision is 1/n of the pixel precision, of two

control points, Vy represents a horizontal component of a motion vector, whose precision
is /N of the pixel precision, of a pixel unit with coordinates of (x, y) in the current picture
block, and V\, represents a vertical component of the motion vector, whose precision is

1/N of the pixel precision, of the pixel unit with the coordinates of (X, y) in the current picture
block.

[0017] With reference to any one of the first aspect, or the first to the seventh possible
implementations of the first aspect, in a ninth possible implementation of the first aspect, the

motion model is represented as follows when W is equal to 3:

-

VNX :((le _VOX)X N X 4 (V2X _\I{;)X)X N y-l- NVOX)/n
w
<
Viy —Vo ) XN (V,, = Vo, ) x N
L w h ; or
Vi = 0y =V ) <(NT) (¥, _VOXgX(N/n) y+(N/n)vy,
W
(Vyy =V )X (N/N) (v, =V, )x(N/n)
=Y OyW X4 —2 Oyh y+(N/n)v,,

, Where
Vux represents a horizontal component of a motion vector, whose precision is
1/N of the pixel precision, of apixel unit with coordinates of (x, y) in the current picture block,
Vyy represents a vertical component of the motion vector, whose precision is 1/N of the
pixel precision, of the pixel unit with the coordinates of (X, y) in the current picture block,
(VoxsVoy), (Vo) , and (V,, V) represent motion vectors, whose precision is 1/n of the

pixel precision, of three control points, w represents a width of the current picture block, and
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h represents a height of the current picture block.
[0018] With reference to any one of the first aspect, or the first to the ninth possible
implementations of the first aspect, in a tenth possible implementation of the first aspect, the
motion vectors of the W control points are predicted based on a motion vector, whose
precision is 1/n of the pixel precision, of an encoded picture block or a decoded picture block
that surrounds the current picture block.
[0019] With reference to any one of the first aspect, or the first to the tenth possible
implementations of the first aspect, in an eleventh possible implementation of the first aspect,
the picture prediction method is applied to a video encoding process or applied to a video
decoding process.
[0020] A second aspect of the embodiments of the present invention provides a picture
prediction apparatus, including:

a first determining unit, configured to determine motion vectors of W control
points in a current picture block;

acalculation unit, configured to obtain, by means of calculation, motion vectors of
P pixel units of the current picture block by using a motion model and the motion vectors of
the W control points, where precision of the determined motion vectors of the W control
points is 1/n of pixel precision, precision of the motion vector that is obtained by means of
calculation and that is of each of the P pixel unitsis 1/N of the pixel precision, the P pixel
units are some or al of pixel units of the current picture block, the motion vector of each of
the P pixel units is used to determine a corresponding reference pixel unit, in a reference
picture, of a corresponding pixel unit, W, n, and N are integers greater than 1, N is greater
than n, and Pis a positive integer; and

an interpolation filtering unit, configured to perform interpolation filtering on a
pixel of the corresponding reference pixel unit, in the reference picture, of each of the P pixel
units by using an interpolation filter with a phase of Q, to obtain a predicted pixel value of
each of the P pixel units, where Q is an integer greater than n.
[0021] With reference to the second aspect, in a first possible implementation of the
second aspect, avalue of N isapreset fixed value, and Q isless than or equal to N.
[0022] With reference to the second aspect or the first possible implementation of the
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second aspect, in a second possible implementation of the second aspect, a horizontal
component or a vertical component of one of the motion vectors of the W control points is
amplified N times in the motion model by using N, or a component difference between
motion vectors of any two of the W control pointsis amplified N times in the motion model
by using N.
[0023] With reference to the second aspect, the first possible implementation of the
second aspect, or the second possible implementation of the second aspect, in a third possible
implementation of the second aspect, the interpolation filtering unit is specifically configured
to: obtain, by means of calculation, a phase of each of the P pixel units by using the motion
vector of each of the P pixel units; determine, based on the phase of each pixel unit, the
interpolation filter with the phase of Q that is corresponding to the corresponding pixel unit,
where a filter coefficient used by the interpolation filter is corresponding to the phase; and
perform interpolation filtering on the pixel of the corresponding reference pixel unit, in the
reference picture, of each pixel unit by using the determined interpolation filter with the phase
of Q that is corresponding to the corresponding pixel unit.
[0024] With reference to the third possible implementation of the second aspect, in a
fourth possible implementation of the second aspect, in an aspect of obtaining, by means of
calculation, a phase of each of the P pixel units by using the motion vector of each of the P
pixel units, the interpolation filtering unit is specifically configured to obtain, by means of
calculation, the phase of each of the P pixel units according to the following formula by using
the motion vector of each of the P pixel units:

X' = abs (v, )%N, or X'=v,, & (1 < M) —1);

Y'=abs (v, )%N, or Y'=v, & (L < M) -1

M is equa to logo:N when N is an integral power of 2, X' represents a horizontal
phase of a pixel unit with coordinates of (X, y) in the current picture block, Y' represents a

vertica phase of the pixel unit with the coordinates of (X, y) in the current picture block,
Vux represents a horizontal component of a motion vector, whose precision is /N of the
pixel precision, of the pixel unit with the coordinates of (x, y) in the current picture block, and

Vyy represents a vertical component of the motion vector, whose precision is 1/N of the
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pixel precision, of the pixel unit with the coordinates of (x, y) in the current picture block.
[0025] With reference to the third possible implementation of the second aspect or the
fourth possible implementation of the second aspect, in a fifth possible implementation of the
second aspect, the phase includes a horizontal phase and a vertical phase; and in an aspect of
determining, based on the phase of each pixel unit, the interpolation filter with the phase of Q
that is corresponding to the corresponding pixel unit, the interpolation filtering unit is
specifically configured to: determine, based on the horizontal phase of each pixel unit, a
horizontal interpolation filter with a phase of Q that is corresponding to the corresponding
pixel unit; and determine, based on the vertical phase of each pixel unit, a vertica
interpolation filter with a phase of Q that is corresponding to the corresponding pixel unit,
where a filter coefficient used by the horizontal interpolation filter is corresponding to the
horizontal phase, and a filter coefficient used by the vertica interpolation filter is
corresponding to the vertical phase.

[0026] With reference to the fifth possible implementation of the second aspect, in asixth
possible implementation of the second aspect, in an aspect of performing interpolation
filtering on the pixel of the corresponding reference pixel unit, in the reference picture, of
each pixel unit by using the determined interpolation filter with the phase of Q that is
corresponding to the corresponding pixel unit, the interpolation filtering unit is specificaly
configured to: perform horizontal interpolation filtering on a pixel of a corresponding
reference pixel unit, in the reference picture, of a pixel unit i by using a determined horizontal
interpolation filter with a phase of Q that is corresponding to the pixel unit i, to obtain a
horizontal interpolation filtering result; and perform vertical interpolation filtering on the
horizontal interpolation filtering result by using a determined vertical interpolation filter with
a phase of Q that is corresponding to the pixel unit i, to obtain a predicted pixel value of the
pixel unit i, where the pixel unit i isany one of the P pixel units; or the interpolation filtering
unit is specifically configured to: perform vertical interpolation filtering on a pixel of a
corresponding reference pixel unit, in the reference picture, of a pixel unit j by using a
determined vertical interpolation filter with a phase of Q that is corresponding to the pixel
unit j, to obtain a vertical interpolation filtering result; and perform horizontal interpolation

filtering on the horizonta interpolation filtering result by using a determined horizontal
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interpolation filter with a phase of Q that is corresponding to the pixel unit j, to obtain a

predicted pixel value of the pixel unit j, where the pixel unit j isany one of the P pixel units.

[0027] With reference to any one of the second aspect, or the first to the sixth possible

implementations of the second aspect, in a seventh possible implementation of the second

aspect, the motion model is a translational motion model, an affine motion model, a rotational

motion model, a zooming motion model, a parabolic motion model, a shearing motion model,

a perspective motion model, or a bilinear motion model.

[0028] With reference to any one of the second aspect, or the first to the seventh possible

implementations of the second aspect, in an eighth possible implementation of the second

aspect, the motion model! is represented as follows when W is equal to 2:

(Vy, =V, ) x N “ (Vi —Vo,)x N
L L

(Vi —Vo,)xN i (Vi — Vo, ) xN
L L

(le _VOX)X(N / n) (Vly _VOy)X(N / n)
VNx = L X— L
_ 0y =V ) x(NT) (v, =V ) < (N /1)

VNx:( y+NVOx)/n

Vy = ( y+Nv,,)/n

, or

y+(N / n)VOX

+(N/n)v
Ny |_ |_ y ( )Oy,Where

L represents a width or a height of the current picture block, (VOX,VOy) and
(le,vly) represent motion vectors, whose precision is 1/n of the pixel precision, of two

control points, Vy represents a horizontal component of a motion vector, whose precision
is /N of the pixel precision, of a pixel unit with coordinates of (x, y) in the current picture
block, and V, represents a vertical component of the motion vector, whose precision is

1/N of the pixel precision, of the pixel unit with the coordinates of (X, y) in the current picture
block.

[0029] With reference to any one of the second aspect, or the first to the seventh possible
implementations of the second aspect, in a ninth possible implementation of the second

aspect, the motion model is represented as follows when W is equal to 3:

10
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VNX :((le _VOX)X N X 4 (V2X _\I{?X)X N y-l- NVOX)/n
w
<
(Vy, —Voy ) XN (V,, —Vp, ) x N
y = (2 sz X+~ r:)y y+Nv,)/n
L , or
Vi = 0y =V ) <(NT) (¥, _VOXgX(N/n) y+(N/n)vy,
W
v, —V N/n V,, —V, N/n
VNy:(ly oy) % ( )X+(2y Oyr)]X( )y+(N/n)Voy
W , Where

Vux represents a horizontal component of a motion vector, whose precision is
1/N of the pixel precision, of apixel unit with coordinates of (x, y) in the current picture block,

Vyy represents a vertical component of the motion vector, whose precision is 1/N of the

pixel precision, of the pixel unit with the coordinates of (X, y) in the current picture block,
(VoxsVoy), (Vi \y), and Vi, Vo) represent motion vectors, whose precision is 1/n of the

pixel precision, of three control points, w represents a width of the current picture block, and
h represents a height of the current picture block.

[0030] With reference to any one of the second aspect, or the first to the ninth possible
implementations of the second aspect, in a tenth possible implementation of the second
aspect, the motion vectors of the W control points are predicted based on a motion vector,
whose precision is 1/n of the pixel precision, of an encoded picture block or a decoded picture
block that surrounds the current picture block.

[0031] With reference to any one of the second aspect, or the first to the tenth possible
implementations of the second aspect, in an eleventh possible implementation of the second
aspect, the picture prediction apparatus is applied to a video encoding apparatus or the picture
prediction apparatus is applied to a video decoding apparatus.

[0032] An embodiment of the present invention further provides a picture prediction
apparatus, including a processor and a memory. The picture prediction apparatus may further
include, for example, a network interface. The memory is configured to store an instruction,
the processor is configured to execute the instruction, and the network interface is configured

to communicate, under control of the processor, with another device.
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[0033] For example, the processor is configured to: determine motion vectors of W
control points in a current picture block; obtain, by means of calculation, motion vectors of P
pixel units of the current picture block by using a motion model and the motion vectors of the
W control points, where precision of the determined motion vectors of the W control pointsis
1/n of pixel precision, precision of the motion vector that is obtained by means of calculation
and that is of each of the P pixel unitsis 1/N of the pixel precision, the P pixel units are some
or all of pixel units of the current picture block, the motion vector of each of the P pixel units
is used to determine a corresponding reference pixel unit, in a reference picture, of a
corresponding pixel unit, W, n, and N are integers greater than 1, N is greater thann, and P is
a positive integer; and perform interpolation filtering on a pixel of the corresponding
reference pixel unit, in the reference picture, of each of the P pixel units by using an
interpolation filter with a phase of Q, to obtain a predicted pixel value of each of the P pixe
units, where Q is an integer greater than n.

[0034] In addition, an embodiment of the present invention further provides a computer
readable storage medium. The computer readable storage medium stores program code for
picture prediction. The program code includes an instruction for executing a picture
prediction method.

[0035] It can be learnt that, in the picture prediction method provided in the embodiments
of the present invention, the motion vector, whose precision is /N of the pixel precision, of
each pixe unit of the current picture block is obtained by means of calculation by using the
motion model and the motion vectors, whose precision is 1/n of the pixel precision, of the W
control points, where N is greater than n. In other words, the precision of the motion vector
that is obtained by means of calculation and that is of each pixel unit of the current picture
block is higher than the precision of the determined motion vectors of the W control points.
The higher-precision motion vector is obtained first. Therefore, the higher-precision motion
vector of each pixel unit of the current picture block is used to determine the corresponding
reference pixel unit, in the reference picture, of each pixel unit of the current picture block,
and interpolation filtering is performed on the pixel of the corresponding reference pixel unit,
in the reference picture, of each pixel unit of the current picture block by using the

interpolation filter with the phase of Q (Q is greater than n), to obtain the predicted pixel
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value of each pixel unit of the current picture block. It can be learnt that, the foregoing
manner helps reduce a quantity of times of interpolation filtering required for obtaining, by
means of prediction, the higher-precision predicted pixel value of the current picture block
(for example, an intermediate process for obtaining alower-precision predicted pixel value by
performing lower-precision interpolation filtering may not be required), so as to reduce a
quantity of intermediate caches and memory operations that are required for interpolation
filtering during a picture prediction process, and reduce calculation complexity during the

picture prediction process.

BRIEF DESCRIPTION OF DRAWINGS

[0036] To describe the technical solutions in the embodiments of the present invention
more clearly, the following briefly describes the accompanying drawings required for
describing the embodiments. Apparently, the accompanying drawings in the following
description show merely some embodiments of the present invention, and persons of ordinary
skill in the art may still obtain other drawings from these accompanying drawings without
cregtive efforts.

[0037] FIG. 1-a and FIG. 1-b are schematic diagrams of several types of division of a
picture block according to an embodiment of the present invention;

[0038] FIG. 2-ais a schematic flowchart of a picture prediction method according to an
embodiment of the present invention;

[0039] FIG. 2-b is a schematic diagram of prediction of motion vectors of control points
according to an embodiment of the present invention;

[0040] FIG. 3-ais a schematic flowchart of another picture prediction method according
to an embodiment of the present invention;

[0041] FIG. 3-b is a schematic diagram of an integer-pixel location and a sub-pixel
location according to an embodiment of the present invention;

[0042] FIG. 4 is a schematic flowchart of another picture prediction method according to
an embodiment of the present invention;

[0043] FIG. 5 is a schematic diagram of a picture prediction apparatus according to an

13
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embodiment of the present invention; and
[0044] FIG. 6 is aschematic diagram of another picture prediction apparatus according to

an embodiment of the present invention.

DESCRIPTION OF EMBODIMENTS

[0045] Embodiments of the present invention provide a picture prediction method and a
related device, so as to reduce a quantity of intermediate caches and memory operations that
are required for interpolation filtering during a picture prediction process, and reduce
calculation complexity during the picture prediction process.

[0046] In the specification, claims, and accompanying drawings of the present invention,
the terms "first”, "second”, "third", and so on are intended to distinguish between different
objects but do not indicate a particular order. In addition, the terms "including”, "comprising”,
and any other variant thereof are intended to cover a non-exclusive inclusion. For example, a
process, a method, a system, a product, or a device that includes a series of steps or unitsis
not limited to the listed steps or units, but optionally further includes an unlisted step or unit,
or optionaly further includes another inherent step or unit of the process, the method, the
product, or the device.

[0047] The following first briefly describes some concepts that may be related to the
embodiments of the present invention.

[0048] In most coding frameworks, a video sequence includes a series of pictures
(English: picture), a picture is further divided into slices (English: slice), and a slice is further
divided into blocks (English: block). Video coding is based on a unit of a block, and coding
processing may start to be performed at alocation of an upper left corner of a picture and then
performed line by line from left to right and from top to bottom. In some new video coding
standards, a concept of the block is further extended. In the H.264 standard, a macroblock
(English: macroblock, MB for short) is described, and the MB may be further divided into
multiple prediction partitions (English: partition) that may be used for predictive coding. In
the HEVC standard, basic concepts of a coding unit (English: coding unit, CU for short), a

prediction unit (English: prediction unit, PU for short), a transform unit (English: transform
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unit, TU for short), and the like are used. Multiple types of units are obtained by means of
function division, and are described by using a new tree-based structure. For example, the CU
may be divided into smaller CUs according to a quad tree, and a smaller CU may further
continue to be divided to form a quad tree structure. Tree structures of the PU and the TU are
similar to that of the CU. The CU, the PU, and the TU all belong to the concept of the block
in essence. Similar to a macroblock MB or a coding block, the CU is abasic unit for dividing
and encoding a coding picture. The PU is a basic unit for predictive coding, and may be
corresponding to a prediction partition. According to a division manner, the CU is further
divided into multiple PUs. The TU is a basic unit for transforming a predicted residual, and
may be corresponding to a transform block. In the High Efficiency Video Coding (English:
high efficiency video coding, HEV C for short) standard, the CU, the PU, and the TU may be
collectively referred to as a coding tree block (English: coding tree block, CTB for short), and
the like.

[0049] In the HEV C standard, the coding unit may include four levelsin size: 64 x 64, 32
x 32, 16 x 16, and 8 x 8. Each level of coding unit may be divided into prediction units of
different sizes according to intra-frame prediction and inter-frame prediction. For example, as
shown in FIG. 1-a and FIG. 1-b, FIG. 1-a shows a prediction unit divison manner
corresponding to intra-frame prediction, and FIG. 1-b shows severa prediction unit division
manners corresponding to inter-frame prediction.

[0050] During a development and evolution process of a video coding technology, experts
in video coding figure out various methods to utilize spatial-temporal correlation between
adjacent encoded/decoded blocks to improve coding efficiency. In the H.264/Advanced Video
Coding (English: advanced video coding, AVC for short) standard, a skip mode (skip mode)
and a direct mode (direct mode) become effective means to improve coding efficiency. In a
case of alow bit rate, a quantity of blocks using the two coding modes accounts for more than
a half of blocks in an entire coding sequence. When the skip mode is used, a motion vector of
a current picture block may be obtained by means of derivation by using a surrounding
motion vector provided that a skip mode tag is transferred in a bitstream, and a value of a
reference block is directly used as a reconstruction value of the current picture block

according to the motion vector. In addition, when the direct mode is used, an encoder may
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obtain, by means of derivation, a motion vector of a current picture block by using a
surrounding motion vector, directly use a value of a reference block as a predicted value of
the current picture block according to the motion vector, and perform predictive coding on the
current picture block on an encoder side by using the predicted value. At present, some new
coding means are used in the latest High Efficiency Video Coding (English: high efficiency
video coding, HEVC for short) standard, to further improve video coding performance. A
merge coding (merge) mode and an advanced motion vector prediction (English: advanced
motion vector prediction, AMVP for short) mode are two important inter-frame prediction
means. In the merge coding (merge) mode, motion information (including a motion vector
(English: motion vector, MV for short), a prediction direction, a reference-frame index, and
the like) of a coded block that surrounds a current coding block is used to form a set of
candidate motion information. Candidate motion information with highest coding efficiency
may be selected, by means of comparison, as motion information of the current coding block.
Predictive coding is performed on the current coding block by using a predicted value, found
in a reference frame, of the current coding block. In addition, an index value indexing a
specific surrounding coded block from which motion information is selected may be written
into a bitstream. When the advanced motion vector prediction mode is used, a motion vector
of a surrounding coded block is used as a predicted value of a motion vector of a current
coding block, a motion vector with highest coding efficiency may be selected to predict the
motion vector of the current coding block, and an index value indicating selection of a
specific surrounding motion vector may be written into a video bitstream.

[0051] The following continues to describe the technical solutions of the embodiments of
the present invention.

[0052] The following first describes the picture prediction method provided in the
embodiments of the present invention. The picture prediction method provided in the
embodiments of the present invention is executed by a video encoding apparatus or a video
decoding apparatus. The video encoding apparatus or the video decoding apparatus may be
any apparatus that needs to output or store a video, for example, a notebook computer, atablet
computer, a personal computer, amobile phone, avideo server, or another device.

[0053] In an embodiment of the picture prediction method provided in the present
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invention, the picture prediction method may include: determining motion vectors of W
control pointsin acurrent picture block; obtaining, by means of calculation, motion vectors of
P pixel units of the current picture block by using a motion model and the motion vectors of
the W control points, where precision of the determined motion vectors of the W control
points is 1/n of pixel precision, precision of the motion vector that is obtained by means of
calculation and that is of each of the P pixel unitsis 1/N of the pixel precision, the P pixel
units are some or al of pixel units of the current picture block, the motion vector of each of
the P pixel units is used to determine a corresponding reference pixel unit, in a reference
picture, of a corresponding pixel unit, W, n, and N are integers greater than 1, N is greater
than n, and P is a positive integer; and performing interpolation filtering on a pixel of the
corresponding reference pixel unit, in the reference picture, of each of the P pixel units by
using an interpolation filter with a phase of Q, to obtain a predicted pixel value of each of the
P pixel units, where Q is an integer greater than n.

[0054] Referring to FIG. 2-a, FIG. 2-ais a schematic flowchart of a picture prediction
method according to an embodiment of the present invention. In an example shown in FIG.
2-a, the picture prediction method provided in this embodiment of the present invention may
include the following steps.

[0055] 201. Determine motion vectors of W control pointsin acurrent picture block.
[0056] 202. Obtain, by means of calculation, motion vectors of P pixel units of the current
picture block by using a motion model and the motion vectors of the W control points.

[0057] The P pixel units are some or al of pixel units of the current picture block.

[0058] A motion vector of each of the P pixel unitsis used to determine a corresponding
reference pixel unit, in a reference picture, of a corresponding pixel unit. Therefore, the
motion vector of each of the P pixel units may be used to determine the corresponding
reference pixel unit, in the reference picture, of the corresponding pixel unit.

[0059] Precision of the determined motion vectors of the W control points is 1/n of pixel
precision.

[0060] Precision of the motion vector that is obtained by means of calculation and that is
of each of the P pixel unitsis 1/N of the pixel precision.

[0061] W, n, and N are integers greater than 1.
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[0062] N is greater than n. P isapositive integer.

[0063] Because N is greater than n, the precision of the motion vector that is obtained by
means of calculation and that is of each of the P pixel unitsis higher than the precision of the
determined motion vectors of the W control points. That is, the higher-precision motion
vectors of the P pixel units of the current picture block are obtained.

[0064] In some possible implementations of the present invention, the motion vectors of
the W control points are predicted based on a motion vector, whose precision is 1/n of the
pixel precision, of an encoded picture block or a decoded picture block that surrounds the
current picture block.

[0065] In an example shown in FIG. 2-b, the W control points include a control point LT,
a control point RT, and a control point LB. A motion vector of the control point LT may be
predicted based on motion vectors, whose precision is 1/n of the pixel precision, of picture
blocks A, B, and C. A moation vector of the control point RT may be predicted based on
motion vectors, whose precision is 1/n of the pixel precision, of picture blocks D and E. A
motion vector of the control point LB may be predicted based on motion vectors, whose
precision is 1/n of the pixel precision, of picture blocks F and G.

[0066] In some possible implementations of the present invention, when the motion
vectors of the W control points are based on predicted values, precision of the predicted
values is also 1/n of the pixel precision, and differences between the motion vectors, whose
precision is 1/n of the pixel precision, of the control points and the corresponding predicted
values may be written into a bitstream.

[0067] In some possible implementations of the present invention, the motion model may
be, for example, a trandational motion model, an affine motion model, a rotational motion
model, a parabolic motion model, a shearing motion model, a zooming motion model, a
perspective motion model, or a bilinear motion model.

[0068] 203. Perform interpolation filtering on a pixel of a reference pixe unit, in a
reference picture, of each of the P pixel units by using an interpolation filter with a phase of
Q, to obtain a predicted pixel value of each of the P pixel units.

[0069] Qisaninteger greater than n.

[0070] In some possible implementations of the present invention, a value of N may be a
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preset fixed value, and Q may be greater than or equal to N. When the value of N may be a
preset fixed value, it indicates that the precision of the motion vectors, obtained by means of
calculation by using the motion model and the motion vectors of the W control points, of the
P pixel units of the current picture block is unnecessarily related to a size of the current
picture block. In other words, for example, based on the solution of this embodiment, the
predicted pixel value with preset fixed precision can be obtained without an intermediate
process for obtaining a lower-precision predicted pixel value by performing lower-precision
interpolation filtering.

[0071] For example, W may be equal to 2, 3, 4, 5, 6, 8, or another value.

[0072] For example, P may beequa to 1, 2, 3, 4, 5, 6, 8, 10, 15, 16, 21, 32, 64, or another
value.

[0073] For example, Q may be equal to 128, 9, 18, 24, 256, 8, 10, 15, 16, 21, 32, 64, or
another value.

[0074] For example, N may be equal to 128, 9, 18, 24, 256, 8, 10, 15, 16, 21, 32, 64, or
another value.

[0075] For example, n may be equal to 8, 2, 4, or another value.

[0076] In some possible implementations of the present invention, N may be an integra
power of 2, or certainly, N may be another positive integer.

[0077] A pixel unit in the embodiments of the present invention may include one or more
pixels. For example, the pixel unit may be a2 x 2 pixel block, a2 x 1 pixel block, a2 x 1
pixel block, a4 x 4 pixel block, or a4 x 2 pixel block.

[0078] A control point in the embodiments of the present invention may include one or
more pixels. For example, the control point may bea2 x 2 pixel block, a2 x 1 pixel block, a2
x 1 pixel block, a4 x 4 pixel block, or a4 x 2 pixel block.

[0079] It can be learnt from the foregoing that, in the picture prediction method provided
in this embodiment, the motion vector, whose precision is 1/N of the pixel precision, of each
pixel unit of the current picture block is obtained by means of calculation by using the motion
model and the motion vectors, whose precision is 1/n of the pixel precision, of the W control
points, where N is greater than n. In other words, the precision of the motion vector that is

obtained by means of calculation and that is of each pixel unit of the current picture block is
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higher than the precision of the determined motion vectors of the W control points. The
higher-precision motion vector is obtained first. Therefore, the higher-precision motion vector
of each pixel unit of the current picture block is used to determine the corresponding reference
pixel unit, in the reference picture, of each pixel unit of the current picture block, and
interpolation filtering is performed on the pixel of the corresponding reference pixel unit, in
the reference picture, of each pixel unit of the current picture block by using the interpolation
filter with the phase of Q (Q is greater than n), to obtain the predicted pixel value of each
pixel unit of the current picture block. It can be learnt that, the foregoing manner helps reduce
a quantity of interpolation filtering required for obtaining, by means of prediction, the
higher-precision predicted pixel value of the current picture block (for example, an
intermediate process for obtaining the lower-precision predicted pixel value by performing
lower-precision interpolation filtering may not be required), so as to reduce a quantity of
intermediate caches and memory operations that are required for interpolation filtering during
a picture prediction process, and reduce calculation complexity during the picture prediction
process.

[0080] In some possible implementations of the present invention, a horizontal component
or a vertica component of one of the motion vectors of the W control points is amplified N
times in the motion model by using N, or a component difference between motion vectors of
any two of the W control pointsisamplified N timesin the motion model by using N.

[0081] For example, in some possible implementations of the present invention, the

motion model may be represented as follows when W is equal to 2:

B vV, —V..)xN
Vi = ((le Vo) XN x—( by ~Voy) y+Nv,)/n
L L
V.. —V, )x N -
v, :(( 1y ~Voy) X+ (Vi = Vo) x N y+Nv, )/n
y L L g ;or
B - N/
- (V,, VOX)LX (N /n) " (Vly V0y|)_X( n) y+(N/n)v,,
_ N / -
Y- (Vly Voy)X( n) X+ (Vi = Vo) x (N/ ) y+(N/ ﬂ)VOy
L L , Where

L represents a width or a height of the current picture block, (VOX,VOy) and
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(le,vly) represent motion vectors, whose precision is 1/n of the pixel precision, of two

control points, Vy represents a horizontal component of a motion vector, whose precision
is /N of the pixel precision, of a pixel unit with coordinates of (x, y) in the current picture
block, and V, represents a vertical component of the motion vector, whose precision is

1/N of the pixel precision, of the pixel unit with the coordinates of (X, y) in the current picture
block.
[0082] For another example, in some possible implementations of the present invention,

the motion model may be represented as follows when W is equal to 3:

-

vy, = ((le _\\f\)/X)X N X+ (Vyy _\I{:)X)X N y+Nv,,)/n
] "y (v —\\jfly)x N s (Voy — Vo, )% N y+ Ny, )/

- , Or
Vi, = (Vi —VOXV)vx(N/n) .t (Vs —VOng(N/n) Y+ (N/n)v,,
. (vly—voyv)vx(N/n)X+(v2y—v0yr)‘><(N/n) Y+ (NG,

, Where

Vux represents a horizontal component of a motion vector, whose precision is
1/N of the pixel precision, of a pixel unit with coordinates of (X, y) in the current picture block,

Vyy represents a vertica component of the motion vector, whose precision is /N of the

pixel precision, of the pixel unit with the coordinates of (X, y) in the current picture block,
(VoxsVoy) . (Vo) , and (V,, V) represent motion vectors, whose precision is 1/n of the

pixel precision, of three control points, w represents a width of the current picture block, and
h represents a height of the current picture block.

[0083] The foregoing examples are described by using the affine motion model. When a
trandlational motion model, a rotational motion model, a shearing motion model, a zooming
motion model, a perspective motion model, a parabolic motion model, a bilinear motion
model, or the like is used, reference may be made to the foregoing examples based on a

corresponding motion model. Details are not described herein again.
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[0084] For example, a general representation form of a motion model may be as follows:
(Vi Vi) = TV V) [1=0,1,.., M}, N, (X, y)) ,

_ Pty Pex—Tox

i ¥+ Vg

Wy =Ty Typ—Ty ’
Iy + =y 4y,

(Vix iy )

precision of a motion vector of a control point is 1/n of pixel precision,

and to balance an effect and bit overheads, a value of n may be set to 4, N may represent a

preset phase of afilter: and (X'Y)  represents coordinate values of any pixel unit in a picture

block; and

Vx represents a horizontal component of a motion vector, whose precision is
1/N of the pixel precision, of a pixel unit with coordinates of (X, y) in the current picture block,
and Vy, represents a vertica component of the motion vector, whose precision is 1/N of

the pixel precision, of the pixel unit with the coordinates of (X, y) in the current picture block.
[0085] Optionally, in some possible implementations of the present invention, the
determining the corresponding reference pixel unit, in the reference picture, of each of the P
pixel units by using the motion vector of each of the P pixel units may include: obtaining, by
means of calculation, an integer-pixel location of each of the P pixel units by using the motion
vector of each of the P pixel units; and searching, by using the motion vector of each of the P
pixel units, the reference picture for a reference pixel unit corresponding to the integer-pixel
location of each of the P pixel units, where the reference pixel unit that is corresponding to the
integer-pixel location of each of the P pixel units and that is found in the reference picture is
the reference pixel unit, in the reference picture, of each of the P pixel units.

[0086] Specifically, for example, an integer-pixel location of a pixel unit i may be
obtained by means of calculation by using a motion vector of the pixel unit i of the P pixel
units, and the reference picture may be searched, by using the motion vector of the pixel unit
I, for a reference pixel unit corresponding to the integer-pixel location of the pixel unit i,
where the reference pixel unit that is corresponding to the integer-pixel location of the pixel

unit i and that is found in the reference picture is a reference pixel unit, in the reference
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picture, of the pixel unit i. The pixel unit i may be any one of the P pixel units. For example,
the corresponding reference pixel unit, in the reference picture, of each of the P pixel units
may be determined according to a manner similar to that of determining the reference pixel
unit, in the reference picture, of the pixel uniti.
[0087] In some possible implementations of the present invention, the obtaining, by
means of calculation, an integer-pixel location of each of the P pixel units by using the motion
vector of each of the P pixel unitsincludes:

obtaining, by means of calculation, the integer-pixel location of each of the P pixel
units according to the following formula by using the motion vector of each of the P pixel

units:

\%

xInt = [v,, /N], or xint=v,, > M;

yint =[v,, /' N], oryint =v,,

\%

" where
M is equal to log,N when N is an integral power of 2, (xInt, yInt) represents

integer-pixel location coordinates of a pixel unit with coordinates of (x, y) in the current
picture block, Vyy represents a horizontal component of a motion vector, whose precision
is /N of the pixel precision, of the pixel unit with the coordinates of (x, y) in the current
picture block, and V, represents a vertica component of the motion vector, whose

precision is /N of the pixel precision, of the pixel unit with the coordinates of (X, y) in the
current picture block.
[0088] In some possible implementations of the present invention, the performing
interpolation filtering on a pixel of the corresponding reference pixel unit, in the reference
picture, of each of the P pixel units by using an interpolation filter with a phase of Q includes:
obtaining, by means of calculation, a phase of each of the P pixel units by using
the motion vector of each of the P pixel units; determining, based on the phase of each pixel
unit, the interpolation filter with the phase of Q that is corresponding to the corresponding
pixel unit, where a filter coefficient used by the interpolation filter is corresponding to the
phase; and performing interpolation filtering on the pixel of the corresponding reference pixel
unit, in the reference picture, of each pixel unit by using the determined interpolation filter

with the phase of Q that is corresponding to the corresponding pixel unit.
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[0089] Specifically, for example, a phase of the pixel unit i may be obtained by means of
calculation by using the motion vector of the pixel unit i of the P pixel units; an interpolation
filter with a phase of Q that is corresponding to the pixel unit i may be determined based on
the phase of the pixel unit i, where a filter coefficient used by the interpolation filter is
corresponding to the phase; and interpolation filtering may be performed on a pixel of the
corresponding reference pixel unit, in the reference picture, of the pixel unit i by using the
determined interpolation filter with the phase of Q that is corresponding to the pixel unit i.
The pixel unit i may be any one of the P pixel units. For example, interpolation filtering may
be performed on each of the P pixel units according to a manner similar to that of performing
interpolation filtering on the pixel unit i.

[0090] In some possible implementations of the present invention, the obtaining, by
means of calculation, a phase of each of the P pixel units by using the motion vector of each
of the P pixel units includes: obtaining, by means of calculation, the phase of each of the P
pixel units according to the following formula by using the motion vector of each of the P
pixel units:

X' = abs (v, )%N, or X'=v,, & (1 < M) -1).

Y= abs (v )N, or Y'=vy & (L < M) -D).

M is equa to logo:N when N is an integral power of 2, X' represents a horizontal
phase of a pixel unit with coordinates of (X, y) in the current picture block, Y' represents a

vertical phase of the pixel unit with the coordinates of (X, y) in the current picture block,
Vux represents a horizontal component of a motion vector, whose precision is /N of the
pixel precision, of the pixel unit with the coordinates of (x, y) in the current picture block, and
Vyy represents a vertical component of the motion vector, whose precision is 1/N of the

pixel precision, of the pixel unit with the coordinates of (x, y) in the current picture block.

[0091] Optionally, in some possible implementations of the present invention, the phase
includes a horizontal phase and a vertical phase; and the determining, based on the phase of
each pixel unit, the interpolation filter with the phase of Q that is corresponding to the
corresponding pixel unit includes: determining, based on the horizontal phase of each pixel

unit, a horizontal interpolation filter with a phase of Q that is corresponding to the
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corresponding pixel unit; and determining, based on the vertical phase of each pixel unit, a
vertical interpolation filter with a phase of Q that is corresponding to the corresponding pixel
unit, where a filter coefficient used by the horizontal interpolation filter is corresponding to
the horizontal phase, and a filter coefficient used by the vertica interpolation filter is
corresponding to the vertical phase.
[0092] Specificaly, for example, a horizontal interpolation filter with a phase of Q that is
corresponding to the pixel unit i may be determined based on a horizontal phase of the pixel
unit i, and a vertical interpolation filter with a phase of Q that is corresponding to the pixel
unit i may be determined based on avertical phase of the pixel unit i, where afilter coefficient
used by the horizontal interpolation filter is corresponding to the horizontal phase of the pixel
unit i, and a filter coefficient used by the vertical interpolation filter is corresponding to the
vertical phase of the pixel unit i. The pixel unit i may be any one of the P pixel units. For
example, the interpolation filter with the phase of Q that is corresponding to each of the P
pixel units may be determined according to a manner similar to that of determining the
interpolation filter with the phase of Q that is corresponding to the pixel unit i.
[0093] Optionally, in some possible implementations of the present invention, the
performing interpolation filtering on the pixel of the corresponding reference pixel unit, in the
reference picture, of each pixel unit by using the determined interpolation filter with the phase
of Q that is corresponding to the corresponding pixel unit includes:

performing horizontal interpolation filtering on the pixel of the corresponding
reference pixel unit, in the reference picture, of the pixel unit i by using the determined
horizontal interpolation filter with the phase of Q that is corresponding to the pixel unit i, to
obtain a horizontal interpolation filtering result; and performing vertical interpolation filtering
on the horizontal interpolation filtering result by using the determined vertical interpolation
filter with the phase of Q that is corresponding to the pixel unit i, to obtain a predicted pixel
value of the pixel unit i, where the pixel unit i isany one of the P pixel units; or

performing vertical interpolation filtering on a pixel of a corresponding reference
pixel unit, in the reference picture, of a pixel unit j by using a determined vertical
interpolation filter with a phase of Q that is corresponding to the pixel unit j, to obtain a

vertical interpolation filtering result; and performing horizontal interpolation filtering on the
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horizontal interpolation filtering result by using a determined horizontal interpolation filter
with a phase of Q that is corresponding to the pixel unit j, to obtain a predicted pixel value of
the pixel unit j, where the pixel unit j isany one of the P pixel units.
[0094] In addition, if a pixel unit has only one phase (that is, has only a horizontal phase
or a vertical phase), interpolation filtering needs to be performed on a pixel of a reference
pixel unit of the pixel unit only once, to obtain a predicted pixel value of the pixel unit.
[0095] Optionally, in some possible implementations of the present invention, the
determining motion vectors of W control pointsin a current picture block includes:
determining the W control points in the current picture block, and determining a
candidate motion information unit set corresponding to each of the W control points, where
the candidate motion information unit corresponding to each control point includes at least
one candidate motion information unit;
determining a combined motion information unit set e including W motion
information units, where each motion information unit in the combined motion information
unit set e is selected from at least some motion information units in the candidate motion
information unit set corresponding to each of the W control points, and each combined motion
information unit in the combined motion information unit set e includes a motion vector; and
performing prediction or motion estimation on W motion vectors in the combined
motion information unit set e to obtain the motion vectors of the W control points, or using W
motion vectors included in the combined motion information unit set e as the motion vectors
of the W control points.
[0096] In some possible implementations of the present invention, precision of each
motion vector in the candidate motion information unit set may be 1/n of the pixel precision.
[0097] The picture prediction method may be applied to a video encoding process, or the
picture prediction method may be applied to avideo decoding process.
[0098] To better understand the technical solutions of the embodiments of the present
invention, the following provides descriptions from perspectives of an encoder side and a
decoder side by using examples.
[0099] The following first describes a solution from a perspective of an encoder side.

[0100] Referring to FIG 3-a, FIG 3-a is a schematic flowchart of another picture
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prediction method according to another embodiment of the present invention. In an example
shown in FIG. 3-a, the another picture prediction method provided in the another embodiment
of the present invention may include the following steps.

[0101] 301. A video encoding apparatus determines W control pointsin a current picture
block.

[0102] 302. The video encoding apparatus determines motion vectors of the W control
points.

[0103] The determining, by the video encoding apparatus, motion vectors of the W
control points may include determining a candidate motion information unit set
corresponding to each of the W control points, where the candidate motion information unit
corresponding to each control point includes at least one candidate motion information unit;
determining a combined motion information unit set e including W motion information units,
where each motion information unit in the combined motion information unit set e is selected
from at least some motion information units in the candidate motion information unit set
corresponding to each of the W control points, and each combined motion information unit in
the combined motion information unit set e includes a motion vector; and performing
prediction or motion estimation on W motion vectors in the combined motion information
unit set e to obtain the motion vectors of the W control points, or using W motion vectors
included in the combined motion information unit set e as the motion vectors of the W control
points.

[0104] In some possible implementations of the present invention, precision of each
motion vector in the candidate motion information unit set may be 1/n of pixel precision.
[0105] 303. The video encoding apparatus obtains, by means of calculation, motion
vectors of P pixel units of the current picture block by using a motion model and the motion
vectors of the W control points.

[0106] Pisapositive integer, and W and N are integers greater than 1.

[0107] The P pixe units are some or all of pixel units of the current picture block.

[0108] A motion vector of each of the P pixel units is used to determine a corresponding
reference pixel unit, in a reference picture, of a corresponding pixel unit. Therefore, the

motion vector of each of the P pixel units may be used to determine the corresponding
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reference pixel unit, in the reference picture, of the corresponding pixel unit.

[0109] Precision of the determined motion vectors of the W control points is 1/n of the
pixel precision.

[0110] Precision of the motion vector that is obtained by means of calculation and that is
of each of the P pixel unitsis /N of the pixel precision.

[0111] W, n, and N are integers greater than 1.

[0112] N is greater than n. Pis a positive integer.

[0113] Because N is greater than n, the precision of the motion vector that is obtained by
means of calculation and that is of each of the P pixel unitsis higher than the precision of the
determined motion vectors of the W control points. That is, the higher-precison motion
vectors of the P pixel units of the current picture block are obtained.

[0114] In some possible implementations of the present invention, the motion vectors of
the W control points are predicted based on a motion vector, whose precision is 1/n of the
pixel precision, of an encoded picture block or a decoded picture block that surrounds the
current picture block.

[0115] In some possible implementations of the present invention, when the motion
vectors of the W control points are based on predicted values, precision of the predicted
values is adso 1/n of the pixel precision, and differences between the motion vectors, whose
precision is 1/n of the pixel precision, of the control points and the corresponding predicted
values may be written into a bitstream. Correspondingly, the motion vectors, whose precision
is 1/n of the pixel precision, of the W control points may be obtained, by means of prediction,
on a decoder side by using the predicted difference between the W motion vectors and by
using the motion vector, whose precision is 1/n of the pixel precision, of the decoded picture
block that surrounds the current picture block, where the predicted difference is obtained from
the bitstream.

[0116] In some possible implementations of the present invention, the motion model may
be, for example, a trandational motion model, an affine motion model, a rotational motion
model, a parabolic motion model, a shearing motion model, a zooming motion model, a
perspective motion model, or a bilinear motion model.

[0117] For example, in some possible implementations of the present invention, the
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motion model may be represented as follows when W is equal to 2:

(le _V0x) X N X — (Vly _VOy) x N
L L

(Vly _VOY)X N X+ (le _VOX)X N
L L

(le _VOX)X(N / n) X— (Vly _VOy)X(N / n)
L L
(M =V )x(N/N) (v, =V, )x (N /)
Ny — X+
L L

Vi = ( y+Nv,)/n

Vyy = (

y+Nvy, ) /n
, or

Nx

y+(N/n)vg,

y+(N/n)v,
, Where

L represents a width or a height of the current picture block, (VOX,VOy) and
5 (VlX,Vly) represent motion vectors, whose precision is 1/n of the pixel precision, of two

control points, Vy, represents a horizontal component of a motion vector, whose precision
is /N of the pixel precision, of a pixel unit with coordinates of (X, y) in the current picture
block, and V, represents a vertical component of the motion vector, whose precision is

1/N of the pixel precision, of the pixel unit with the coordinates of (x, y) in the current picture
10  block.
[0118] For another example, in some possible implementations of the present invention,

the motion model may be represented as follows when W is equal to 3:

-

V,, — V5, )% N V, —V,,.)xN
VNx — (( 1x Vi)/x) X + ( 2X hOx) y+ NVOX)/n
<
V,, —V,, ) XN V,, —V,,)xN
Ny = ( ly Oy) X+ ( 2y Oy) y+ NVOy)/n
- W h ; or
v,, = (Vy, — Vo, ) x(N/n) ot (V,y —vOszx(N/n) Y+ (N/n)v,,
W
V,, —V,, ) x(N/n V,, —V,, )x(N/n
VNy _ ( ly Oy) ( ) X+( 2y Oy) ( ) y+(N/n)Voy
W h , Where
15 Vux represents a horizontal component of a motion vector, whose precision is

1/N of the pixel precision, of apixel unit with coordinates of (x, y) in the current picture block,

Vyy represents a vertical component of the motion vector, whose precision is 1/N of the
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pixel precision, of the pixel unit with the coordinates of (X, y) in the current picture block,
(VoxsVoy) . (Vo) , and (V,, V) represent motion vectors, whose precision is 1/n of the

pixel precision, of three control points, w represents a width of the current picture block, and
h represents a height of the current picture block.

[0119] The foregoing examples are described by using the affine motion model. When a
trandlational motion model, a rotational motion model, a shearing motion model, a zooming
motion model, a perspective motion model, a parabolic motion model, a bilinear motion
model, or the like is used, reference may be made to the foregoing examples based on a
corresponding motion model. Details are not described herein again.

[0120] 304. The video encoding apparatus determines a corresponding reference pixel
unit, in areference picture, of each of the P pixel units by using a motion vector of each of the
P pixel units.

[0121] Optionally, in some possible implementations of the present invention, the
determining a corresponding reference pixel unit, in areference picture, of each of the P pixel
units by using a motion vector of each of the P pixel units may include: obtaining, by means
of calculation, an integer-pixel location of each of the P pixel units by using the motion vector
of each of the P pixel units; and searching, by using the motion vector of each of the P pixel
units, the reference picture for a reference pixel unit corresponding to the integer-pixel
location of each of the P pixel units, where the reference pixel unit that is corresponding to the
integer-pixel location of each of the P pixel units and that is found in the reference picture is
the reference pixel unit, in the reference picture, of each of the P pixel units.

[0122] Specificaly, for example, an integer-pixel location of a pixel unit i may be
obtained by means of calculation by using a motion vector of the pixel unit i of the P pixel
units, and the reference picture may be searched, by using the motion vector of the pixel unit i,
for a reference pixel unit corresponding to the integer-pixel location of the pixel unit i, where
the reference pixel unit that is corresponding to the integer-pixel location of the pixel unit i
and that is found in the reference picture is a reference pixel unit, in the reference picture, of
the pixel unit i. The pixel unit i may be any one of the P pixel units. For example, the

corresponding reference pixel unit, in the reference picture, of each of the P pixel units may
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be determined according to a manner similar to that of determining the reference pixel unit, in
the reference picture, of the pixel uniti.
[0123] In some possible implementations of the present invention, the obtaining, by
means of calculation, an integer-pixel location of each of the P pixel units by using the motion
vector of each of the P pixel unitsincludes:

obtaining, by means of calculation, the integer-pixel location of each of the P pixel
units according to the following formula by using the motion vector of each of the P pixel
units:

xInt = [v,, / NJ, or xInt = v,

(\VARN\V
==

yint =[v, /N], oryint = v © Where

M is equal to log,N when N is an integral power of 2, (xInt, yInt) represents

integer-pixel location coordinates of a pixel unit with coordinates of (x, y) in the current
picture block, Vyy represents a horizontal component of a motion vector, whose precision
is /N of the pixel precision, of the pixel unit with the coordinates of (x, y) in the current
picture block, and V, represents a vertica component of the motion vector, whose

precision is 1/N of the pixel precision, of the pixel unit with the coordinates of (X, y) in the
current picture block.

[0124] For example, referring to FIG. 3-b, square boxes in FIG. 3-b represent pixels at
integer-pixel locations adjacent to a current location, and triangles represent sub-pixels.

[0125] 305. The video encoding apparatus performs interpolation filtering on a pixel of
the corresponding reference pixel unit, in the reference picture, of each of the P pixel units by
using an interpolation filter with a phase of Q, to obtain a predicted pixel value of each of the
P pixel units.

[0126] Qisaninteger greater than n.

[0127] In some possible implementations of the present invention, a value of N may be a
preset fixed value, and Q may be greater than or equal to N. When the value of N may be a
preset fixed value, it indicates that the precision of the motion vectors, obtained by means of
calculation by using the motion model and the motion vectors of the W control points, of the

P pixel units of the current picture block is unnecessarily related to a size of the current

31



10

15

20

25

30

picture block. In other words, for example, based on the solution of this embodiment, the

predicted pixel value with preset fixed precision can be obtained without an intermediate

process for obtaining a lower-precision predicted pixel value by performing lower-precision

interpolation filtering.

[0128] For example, W may be equal to 2, 3, 4, 5, 6, 8, or another value.

[0129] For example, Pmay be equal to 1, 2, 3, 4, 5, 6, 8, 10, 15, 16, 21, 32, 64, or another

value.

[0130] For example, Q may be equal to 128, 9, 18, 24, 256, 8, 10, 15, 16, 21, 32, 64, or

another value.

[0131] For example, N may be equal to 128, 9, 18, 24, 256, 8, 10, 15, 16, 21, 32, 64, or

another value.

[0132] For example, n may be equal to 8, 2, 4, or another value.

[0133] In some possible implementations of the present invention, N may be an integra

power of 2, or certainly, N may be another positive integer.

[0134] In some possible implementations of the present invention, the performing

interpolation filtering on a pixel of the corresponding reference pixel unit, in the reference

picture, of each of the P pixel units by using an interpolation filter with a phase of Q includes:
obtaining, by means of calculation, a phase of each of the P pixel units by using

the motion vector of each of the P pixe units; determining, based on the phase of each pixel

unit, the interpolation filter with the phase of Q that is corresponding to the corresponding

pixel unit, where a filter coefficient used by the interpolation filter is corresponding to the

phase; and performing interpolation filtering on the pixel of the corresponding reference pixel

unit, in the reference picture, of each pixel unit by using the determined interpolation filter

with the phase of Q that is corresponding to the corresponding pixel unit.

[0135] Specifically, for example, a phase of the pixel unit i may be obtained by means of

calculation by using the motion vector of the pixel unit i of the P pixel units; an interpolation

filter with a phase of Q that is corresponding to the pixel unit i may be determined based on

the phase of the pixel unit i, where a filter coefficient used by the interpolation filter is

corresponding to the phase; and interpolation filtering may be performed on a pixel of the

corresponding reference pixel unit, in the reference picture, of the pixel unit i by using the
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determined interpolation filter with the phase of Q that is corresponding to the pixel unit i.
The pixel unit i may be any one of the P pixel units. For example, interpolation filtering may
be performed on each of the P pixel units according to a manner similar to that of performing
interpolation filtering on the pixel unit i.

[0136] In some possible implementations of the present invention, the obtaining, by
means of calculation, a phase of each of the P pixel units by using the motion vector of each
of the P pixel units includes: obtaining, by means of calculation, the phase of each of the P
pixel units according to the following formula by using the motion vector of each of the P
pixel units:

X' = abs (v, )%N, or X'= v, & (1 < M) —1);

Y'=abs (v, )%N, or Y'=v, & (L < M) -1

M is equa to logo:N when N is an integral power of 2, X' represents a horizontal
phase of a pixel unit with coordinates of (X, y) in the current picture block, Y' represents a

vertica phase of the pixel unit with the coordinates of (X, y) in the current picture block,
Vux represents a horizontal component of a motion vector, whose precision is /N of the
pixel precision, of the pixel unit with the coordinates of (x, y) in the current picture block, and
Vyy represents a vertical component of the motion vector, whose precision is 1/N of the

pixel precision, of the pixel unit with the coordinates of (x, y) in the current picture block.
[0137] Optionally, in some possible implementations of the present invention, the phase
includes a horizontal phase and a vertical phase; and the determining, based on the phase of
each pixel unit, the interpolation filter with the phase of Q that is corresponding to the
corresponding pixel unit includes: determining, based on the horizontal phase of each pixel
unit, a horizontal interpolation filter with a phase of Q that is corresponding to the
corresponding pixel unit; and determining, based on the vertical phase of each pixel unit, a
vertical interpolation filter with a phase of Q that is corresponding to the corresponding pixel
unit, where a filter coefficient used by the horizontal interpolation filter is corresponding to
the horizontal phase, and a filter coefficient used by the vertical interpolation filter is
corresponding to the vertical phase.

[0138] Specifically, for example, a horizontal interpolation filter with a phase of Q that is
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corresponding to the pixel unit i may be determined based on a horizontal phase of the pixel
unit i, and a vertical interpolation filter with a phase of Q that is corresponding to the pixel
unit i may be determined based on a vertical phase of the pixel unit i, where afilter coefficient
used by the horizontal interpolation filter is corresponding to the horizontal phase of the pixel
unit i, and a filter coefficient used by the vertical interpolation filter is corresponding to the
vertical phase of the pixel unit i. The pixel unit i may be any one of the P pixel units. For
example, the interpolation filter with the phase of Q that is corresponding to each of the P
pixel units may be determined according to a manner similar to that of determining the
interpolation filter with the phase of Q that is corresponding to the pixel unit .
[0139] Optionally, in some possible implementations of the present invention, the
performing interpolation filtering on the pixel of the corresponding reference pixel unit, in the
reference picture, of each pixel unit by using the determined interpolation filter with the phase
of Q that is corresponding to the corresponding pixel unit includes:

performing horizontal interpolation filtering on the pixel of the corresponding
reference pixel unit, in the reference picture, of the pixel unit i by using the determined
horizontal interpolation filter with the phase of Q that is corresponding to the pixel unit i, to
obtain a horizontal interpolation filtering result; and performing vertical interpolation filtering
on the horizontal interpolation filtering result by using the determined vertical interpolation
filter with the phase of Q that is corresponding to the pixel unit i, to obtain a predicted pixel
value of the pixel unit i, where the pixel unit i isany one of the P pixel units; or

performing vertical interpolation filtering on a pixel of a corresponding reference
pixel unit, in the reference picture, of a pixel unit j by using a determined vertical
interpolation filter with a phase of Q that is corresponding to the pixel unit j, to obtain a
vertical interpolation filtering result; and performing horizontal interpolation filtering on the
horizontal interpolation filtering result by using a determined horizontal interpolation filter
with a phase of Q that is corresponding to the pixel unit j, to obtain a predicted pixel value of
the pixel unit j, where the pixel unit j isany one of the P pixel units.
[0140] In addition, if a pixel unit has only one phase (that is, has only a horizontal phase
or a vertical phase), interpolation filtering needs to be performed on a pixel of a reference

pixel unit of the pixel unit only once, to obtain a predicted pixel value of the pixel unit.
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[0141] 306. The video encoding apparatus may obtain a predicted residual of the current
picture block by using original pixel values of the P pixel units and predicted pixel values of
the P pixel units of the current picture block, and the video encoding apparatus may write the
predicted residual of the current picture block into avideo bitstream.

[0142] It can be learnt from the foregoing that, in the solution of this embodiment, the
video encoding apparatus obtains, by means of calculation, the motion vector, whose
precision is 1/N of the pixel precision, of each pixel unit of the current picture block by using
the motion model and the motion vectors, whose precision is 1/n of the pixel precision, of the
W control points, where N is greater than n. In other words, the precision of the motion vector
that is obtained by means of calculation and that is of each pixel unit of the current picture
block is higher than the precision of the determined motion vectors of the W control points.
The higher-precision motion vector is obtained first. Therefore, the higher-precision motion
vector of each pixel unit of the current picture block is used to determine the corresponding
reference pixel unit, in the reference picture, of each pixel unit of the current picture block,
and interpolation filtering is performed on the pixel of the corresponding reference pixel unit,
in the reference picture, of each pixel unit of the current picture block by using the
interpolation filter with the phase of Q (Q is greater than n), to obtain the predicted pixel
value of each pixel unit of the current picture block. It can be learnt that, the foregoing
manner helps reduce a quantity of times of interpolation filtering required for obtaining, by
means of prediction, the higher-precision predicted pixel value of the current picture block
(for example, an intermediate process for obtaining the lower-precision predicted pixel value
by performing lower-precision interpolation filtering may not be required), so as to reduce a
quantity of times of intermediate caches and memory operations that are required for
interpolation filtering during a picture prediction process, and reduce calculation complexity
during the picture prediction process.

[0143] The following describes a solution from a perspective of adecoder side.

[0144] Referring to FIG. 4, FIG 4 is a schematic flowchart of another picture prediction
method according to another embodiment of the present invention. In an example shown in
FIG 4, the another picture prediction method provided in the another embodiment of the

present invention may include the following steps.
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[0145] 401. A video decoding apparatus determines W control points in a current picture
block.

[0146] 402. The video decoding apparatus determines motion vectors of the W control
points.

[0147] The determining, by the video decoding apparatus, motion vectors of the W
control points may include: determining a candidate motion information unit set
corresponding to each of the W control points, where the candidate motion information unit
corresponding to each control point includes at least one candidate motion information unit;
determining a combined motion information unit set e including W motion information units,
where each motion information unit in the combined motion information unit set e is selected
from at least some motion information units in the candidate motion information unit set
corresponding to each of the W control points, and each combined motion information unit in
the combined motion information unit set e includes a motion vector; and performing
prediction or motion estimation on W motion vectors in the combined motion information
unit set e to obtain the motion vectors of the W control points, or using W motion vectors
included in the combined motion information unit set e as the motion vectors of the W control
points.

[0148] In some possible implementations of the present invention, precision of each
motion vector in the candidate motion information unit set may be 1/n of pixel precision.
[0149] 403. The video decoding apparatus obtains, by means of calculation, motion
vectors of P pixel units of the current picture block by using a motion model and the motion
vectors of the W control points.

[0150] Pisapositiveinteger, and W and N are integers greater than 1.

[0151] The P pixel units are some or al of pixel units of the current picture block.

[0152] A motion vector of each of the P pixel units is used to determine a corresponding
reference pixel unit, in a reference picture, of a corresponding pixel unit. Therefore, the
motion vector of each of the P pixel units may be used to determine the corresponding
reference pixel unit, in the reference picture, of the corresponding pixel unit.

[0153] Precision of the determined motion vectors of the W control points is 1/n of the

pixel precision.
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[0154] Precision of the motion vector that is obtained by means of calculation and that is
of each of the P pixel unitsis /N of the pixel precision.
[0155] W, n, and N are integers greater than 1.
[0156] N is greater than n. Pis a positive integer.
[0157] Because N is greater than n, the precision of the motion vector that is obtained by
means of calculation and that is of each of the P pixel unitsis higher than the precision of the
determined motion vectors of the W control points. That is, the higher-precison motion
vectors of the P pixel units of the current picture block are obtained.
[0158] In some possible implementations of the present invention, the motion vectors of
the W control points are predicted based on a motion vector, whose precision is 1/n of the
pixel precision, of an encoded picture block or a decoded picture block that surrounds the
current picture block, where n is apositive integer, and n isless than N.
[0159] In some possible implementations of the present invention, when the motion
vectors of the W control points are based on predicted values, precision of the predicted
values is also 1/n of the pixel precision, and differences between the motion vectors, whose
precision is 1/n of the pixel precision, of the control points and the corresponding predicted
values may be written into a bitstream.
[0160] In some possible implementations of the present invention, the motion model may
be, for example, a trandational motion model, an affine motion model, a rotational motion
model, a parabolic motion model, a shearing motion model, a zooming motion model, a
perspective motion model, or a bilinear motion model.
[0161] For example, in some possible implementations of the present invention, the
motion model may be represented as follows when W is equal to 2:
(Vy, — V) X N « (Vyy = Vo, ) x N
L L
(y ~Voy) >N X+ (Ve =V, ) N y+Nv,)/n
L L Y - or
_ (v =V, ) x(N /1) x— (Vyy = Vo, )x (N /)
M L L
.- (Vyy = Vo, ) x (N /1) s (Vy, =V )X (N /) v+ (N/ g,
L L , Where

Vi = ( y+Nv,)/n

Vyy = (

y+(N/n)vg,
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L represents a width or a height of the current picture block, (VOX,VOy) and
(le,vly) represent motion vectors, whose precision is 1/n of the pixel precision, of two

control points, Vy represents a horizontal component of a motion vector, whose precision
is /N of the pixel precision, of a pixel unit with coordinates of (x, y) in the current picture
block, and V\, represents a vertical component of the motion vector, whose precision is

1/N of the pixel precision, of the pixel unit with the coordinates of (X, y) in the current picture
block.
[0162] For another example, in some possible implementations of the present invention,

the motion model may be represented as follows when W is equal to 3:

(le _VOX)X N X+ (V2x _VOX)X N

Vi, = ( - . y+Nv,,)/n
(Vyy =V, ) XN (v, —Vp, )x N
" :( ly Vsy X+ 2y r:y y+ NVOy)/n
; or

Nx = (Vi = Vo) x (N /1) X+ v _VOX;X(N/n) y+(N/n)v,

w

_ N/ - N/

\ = (Viy = Vo, ) x (N /) X+ (Vay VOY;X( ) y+(N/n)y,

w , Where

Vx represents a horizontal component of a motion vector, whose precision is
1/N of the pixel precision, of a pixel unit with coordinates of (X, y) in the current picture block,

Vyy represents a vertica component of the motion vector, whose precision is /N of the

pixel precision, of the pixel unit with the coordinates of (X, y) in the current picture block,
(VoxsVoy) . (Vo) , and (V,, V) represent motion vectors, whose precision is 1/n of the

pixel precision, of three control points, w represents a width of the current picture block, and
h represents a height of the current picture block.

[0163] The foregoing examples are described by using the affine motion model. When a
trandlational motion model, a rotational motion model, a shearing motion model, a zooming
motion model, a perspective motion model, a parabolic motion model, a bilinear motion

model, or the like is used, reference may be made to the foregoing examples based on a
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corresponding motion model. Details are not described herein again.
[0164] 404. The video decoding apparatus determines a corresponding reference pixel
unit, in areference picture, of each of the P pixel units by using a motion vector of each of the
P pixel units.
[0165] Optionally, in some possible implementations of the present invention, the
determining the corresponding reference pixel unit, in the reference picture, of each of the P
pixel units by using the motion vector of each of the P pixel units may include: obtaining, by
means of calculation, an integer-pixel location of each of the P pixel units by using the motion
vector of each of the P pixel units; and searching, by using the motion vector of each of the P
pixel units, the reference picture for a reference pixel unit corresponding to the integer-pixel
location of each of the P pixel units, where the reference pixel unit that is corresponding to the
integer-pixel location of each of the P pixel units and that is found in the reference picture is
the reference pixel unit, in the reference picture, of each of the P pixel units.
[0166] Specificaly, for example, an integer-pixel location of a pixel unit i may be
obtained by means of calculation by using a motion vector of the pixel unit i of the P pixel
units, and the reference picture may be searched, by using the motion vector of the pixel unit i,
for a reference pixel unit corresponding to the integer-pixel location of the pixel unit i, where
the reference pixel unit that is corresponding to the integer-pixel location of the pixel unit i
and that is found in the reference picture is a reference pixel unit, in the reference picture, of
the pixel unit i. The pixel unit i may be any one of the P pixel units. For example, the
corresponding reference pixel unit, in the reference picture, of each of the P pixel units may
be determined according to a manner similar to that of determining the reference pixel unit, in
the reference picture, of the pixel unit i.
[0167] In some possible implementations of the present invention, the obtaining, by
means of calculation, an integer-pixel location of each of the P pixel units by using the motion
vector of each of the P pixel unitsincludes:

obtaining, by means of calculation, the integer-pixel location of each of the P pixel
units according to the following formula by using the motion vector of each of the P pixel

units:

39



10

15

20

25

\%

xInt = [v, / N], or xInt = v,
yint =[v,, /' N], oryint =v,,

M;

\%

" where
M is equal to log,N when N is an integral power of 2, (xInt, yInt) represents

integer-pixel location coordinates of a pixel unit with coordinates of (x, y) in the current
picture block, Vyy represents a horizontal component of a motion vector, whose precision
is /N of the pixel precision, of the pixel unit with the coordinates of (x, y) in the current
picture block, and V, represents a vertica component of the motion vector, whose

precision is /N of the pixel precision, of the pixel unit with the coordinates of (X, y) in the
current picture block.

[0168] 405. The video decoding apparatus performs interpolation filtering on a pixel of
the reference pixel unit, in the reference picture, of each of the P pixel units by using an
interpolation filter with a phase of Q, to obtain a predicted pixel vaue of each of the P pixel
units.

[0169] Qisaninteger greater than n.

[0170] In some possible implementations of the present invention, a value of N may be a
preset fixed value, and Q may be greater than or equal to N. When the value of N may be a
preset fixed value, it indicates that the precision of the motion vectors, obtained by means of
calculation by using the motion model and the motion vectors of the W control points, of the
P pixel units of the current picture block is unnecessarily related to a size of the current
picture block. In other words, for example, based on the solution of this embodiment, the
predicted pixel value with preset fixed precision can be obtained without an intermediate
process for obtaining a lower-precision predicted pixel value by performing lower-precision
interpolation filtering.

[0171] For example, W may be equal to 2, 3, 4, 5, 6, 8, or another value.

[0172] For example, Pmay beequa to 1, 2, 3, 4, 5, 6, 8, 10, 15, 16, 21, 32, 64, or another
value.

[0173] For example, Q may be equal to 128, 9, 18, 24, 256, 8, 10, 15, 16, 21, 32, 64, or
another value.

[0174] For example, N may be equal to 128, 9, 18, 24, 256, 8, 10, 15, 16, 21, 32, 64, or

40



10

15

20

25

another value.
[0175] For example, n may be equal to 8, 2, 4, or another value.
[0176] In some possible implementations of the present invention, N may be an integral
power of 2, or certainly, N may be another positive integer.
[0177] In some possible implementations of the present invention, the performing
interpolation filtering on a pixel of the corresponding reference pixel unit, in the reference
picture, of each of the P pixel units by using an interpolation filter with a phase of Q includes:
obtaining, by means of calculation, a phase of each of the P pixel units by using
the motion vector of each of the P pixel units; determining, based on the phase of each pixel
unit, the interpolation filter with the phase of Q that is corresponding to the corresponding
pixel unit, where a filter coefficient used by the interpolation filter is corresponding to the
phase; and performing interpolation filtering on the pixel of the corresponding reference pixel
unit, in the reference picture, of each pixel unit by using the determined interpolation filter
with the phase of Q that is corresponding to the corresponding pixel unit.
[0178] Specificaly, for example, a phase of the pixel unit i may be obtained by means of
calculation by using the motion vector of the pixel unit i of the P pixel units; an interpolation
filter with a phase of Q that is corresponding to the pixel unit i may be determined based on
the phase of the pixel unit i, where a filter coefficient used by the interpolation filter is
corresponding to the phase; and interpolation filtering may be performed on a pixel of the
corresponding reference pixel unit, in the reference picture, of the pixel unit i by using the
determined interpolation filter with the phase of Q that is corresponding to the pixel unit i.
The pixel unit i may be any one of the P pixel units. For example, interpolation filtering may
be performed on each of the P pixel units according to a manner similar to that of performing
interpolation filtering on the pixel unit i.
[0179] In some possible implementations of the present invention, the obtaining, by
means of calculation, a phase of each of the P pixel units by using the motion vector of each
of the P pixel units includes: obtaining, by means of calculation, the phase of each of the P
pixel units according to the following formula by using the motion vector of each of the P

pixel units:
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X'=abs (v,,)%N, or X'=v,, & ((1
Y'=abs (v, )%N, or Y'=v, & ((1

M) —1).

<
< M) —1).

where

M is equa to logoN when N is an integral power of 2, X' represents a horizontal
phase of a pixel unit with coordinates of (X, y) in the current picture block, Y' represents a

vertical phase of the pixel unit with the coordinates of (X, y) in the current picture block,
Vx represents a horizontal component of a motion vector, whose precision is N of the
pixel precision, of the pixel unit with the coordinates of (X, y) in the current picture block, and
Vyy represents a vertica component of the motion vector, whose precision is /N of the

pixel precision, of the pixel unit with the coordinates of (x, y) in the current picture block.
[0180] Optionally, in some possible implementations of the present invention, the phase
includes a horizontal phase and a vertical phase; and the determining, based on the phase of
each pixel unit, the interpolation filter with the phase of Q that is corresponding to the
corresponding pixel unit includes: determining, based on the horizontal phase of each pixel
unit, a horizontal interpolation filter with a phase of Q that is corresponding to the
corresponding pixel unit; and determining, based on the vertical phase of each pixel unit, a
vertical interpolation filter with a phase of Q that is corresponding to the corresponding pixel
unit, where afilter coefficient used by the horizontal interpolation filter is corresponding to
the horizontal phase, and a filter coefficient used by the vertical interpolation filter is
corresponding to the vertical phase.

[0181] Specificaly, for example, a horizontal interpolation filter with a phase of Q that is
corresponding to the pixel unit i may be determined based on a horizontal phase of the pixel
unit i, and a vertical interpolation filter with a phase of Q that is corresponding to the pixel
unit i may be determined based on a vertical phase of the pixel unit i, where afilter coefficient
used by the horizontal interpolation filter is corresponding to the horizontal phase of the pixel
unit i, and a filter coefficient used by the vertical interpolation filter is corresponding to the
vertical phase of the pixel unit i. The pixel unit i may be any one of the P pixel units. For
example, the interpolation filter with the phase of Q that is corresponding to each of the P
pixel units may be determined according to a manner similar to that of determining the

interpolation filter with the phase of Q that is corresponding to the pixel unit .
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[0182] Optionally, in some possible implementations of the present invention, the
performing interpolation filtering on the pixel of the corresponding reference pixel unit, in the
reference picture, of each pixel unit by using the determined interpolation filter with the phase
of Q that is corresponding to the corresponding pixel unit includes:

performing horizontal interpolation filtering on the pixel of the corresponding
reference pixel unit, in the reference picture, of the pixel unit i by using the determined
horizontal interpolation filter with the phase of Q that is corresponding to the pixel unit i, to
obtain a horizontal interpolation filtering result; and performing vertical interpolation filtering
on the horizontal interpolation filtering result by using the determined vertical interpolation
filter with the phase of Q that is corresponding to the pixel unit i, to obtain a predicted pixel
value of the pixel unit i, where the pixel unit i isany one of the P pixel units; or

performing vertical interpolation filtering on a pixel of a corresponding reference
pixel unit, in the reference picture, of a pixel unit j by using a determined vertical
interpolation filter with a phase of Q that is corresponding to the pixel unit j, to obtain a
vertical interpolation filtering result; and performing horizontal interpolation filtering on the
horizontal interpolation filtering result by using a determined horizontal interpolation filter
with a phase of Q that is corresponding to the pixel unit j, to obtain a predicted pixel value of
the pixel unit j, where the pixel unit j isany one of the P pixel units.
[0183] In addition, if a pixel unit has only one phase (that is, has only a horizontal phase
or a vertical phase), interpolation filtering needs to be performed on a pixel of a reference
pixel unit of the pixel unit only once, to obtain a predicted pixel value of the pixel unit.
[0184] 406. The video decoding apparatus reconstructs the current picture block by using
a predicted pixel value of the current picture block and a predicted residual, in a video
bitstream, of the current picture block.
[0185] It can be learnt from the foregoing that, in the solution of this embodiment, the
video decoding apparatus obtains, by means of calculation, the motion vector, whose
precision is 1/N of the pixel precision, of each pixel unit of the current picture block by using
the motion model and the motion vectors, whose precision is 1/n of the pixel precision, of the
W control points, where N is greater than n. In other words, the precision of the motion vector

that is obtained by means of calculation and that is of each pixel unit of the current picture
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block is higher than the precision of the determined motion vectors of the W control points.
The higher-precision motion vector is obtained first. Therefore, the higher-precision motion
vector of each pixel unit of the current picture block is used to determine the corresponding
reference pixel unit, in the reference picture, of each pixel unit of the current picture block,
and interpolation filtering is performed on the pixel of the corresponding reference pixel unit,
in the reference picture, of each pixel unit of the current picture block by using the
interpolation filter with the phase of Q (Q is greater than n), to obtain the predicted pixel
value of each pixel unit of the current picture block. It can be learnt that, the foregoing
manner helps reduce a quantity of times of interpolation filtering required for obtaining, by
means of prediction, the higher-precision predicted pixel value of the current picture block
(for example, an intermediate process for obtaining the lower-precision predicted pixel value
by performing lower-precision interpolation filtering may not be required), so as to reduce a
quantity of times of intermediate caches and memory operations that are required for
interpolation filtering during a picture prediction process, and reduce calculation complexity
during the picture prediction process.

[0186] The following describes, by using examples, some possible specific
implementations of determining a combined motion information unit set e including W
motion information unitsin the foregoing embodi ments.

[0187] The determining a combined motion information unit set e including W motion
information units may include: determining, from A candidate combined motion information
unit sets, the combined motion information unit set e including the W motion information
units, where each motion information unit included in each of the A candidate combined
motion information unit sets is selected from at least some motion information units,
complying with a constraint condition, in a candidate motion information unit set
corresponding to each of the W control points, A is a positive integer, the A candidate
combined motion information unit sets are different from each other, and each of the A
candidate combined motion information unit sets includes W motion information units.

[0188] Optionally, in some possible implementations of the present invention, the A
candidate combined motion information unit sets satisfy at least one of a first condition, a

second condition, athird condition, afourth condition, or afifth condition.
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[0189] The first condition includes: A motion manner, indicated by a motion information
unit in any one of the A candidate combined motion information unit sets, of the current
picture block is a non-tranglational motion.

[0190] The second condition includes. Prediction directions corresponding to two motion
information units in any one of the A candidate combined motion information unit sets are the
same.

[0191] The third condition includes. Reference-frame indexes corresponding to two
motion information unitsin any one of the A candidate combined motion information unit sets
are the same.

[0192] The fourth condition includes. An absolute value of a difference between
horizontal components of motion vectors of two motion information units in any one of the A
candidate combined motion information unit sets is less than or equal to a horizontal
component threshold, or an absolute value of a difference between horizontal components of a
motion vector of a control point Z and a motion vector of one motion information unit in any
one of the A candidate combined motion information unit sets is less than or equal to a
horizontal component threshold, where the control point Z of the current picture block is
different from any one of the W control points.

[0193] The fifth condition includes. An absolute value of a difference between vertical
components of motion vectors of two motion information units in any one of the A candidate
combined motion information unit setsis less than or equal to avertical component threshold,
or an absolute value of a difference between vertical components of a motion vector of a
control point Z and a motion vector of any motion information unit in one of the A candidate
combined motion information unit sets is less than or equal to a horizontal component
threshold, where the control point Z of the current picture block is different from any one of
the W control points.

[0194] Optionally, in some possible implementations of the present invention, the
determining, from A candidate combined motion information unit sets by the video encoding
apparatus, the combined motion information unit set e including the W motion information
units may include: determining, from the A candidate combined motion information unit sets

and based on distortion or a rate-distortion cost, the combined motion information unit set e
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including the W motion vectors.

[0195] Optionally, the rate-distortion cost corresponding to the combined motion
information unit set e is less than or equal to a rate-distortion cost corresponding to any
combined motion information unit set, other than the combined motion information unit set e,
in the A candidate combined motion information unit sets.

[0196] Optionally, the distortion corresponding to the combined motion information unit
set e is less than or equal to distortion corresponding to any combined motion information
unit set, other than the combined motion information unit set e, in the A candidate combined
motion information unit sets.

[0197] A rate-distortion cost corresponding to a candidate combined motion information
unit set of the A candidate combined motion information unit sets (for example, the combined
motion information unit set e of the A candidate combined motion information unit sets) may
be, for example, a rate-distortion cost corresponding to a predicted pixel value that is of a
picture block (for example, the current picture block) and that is obtained by means of pixel
value prediction performed on the picture block by using the candidate combined motion
information unit set (for example, the combined motion information unit set €).

[0198] Distortion corresponding to a candidate combined motion information unit set of
the A candidate combined motion information unit sets (for example, the combined motion
information unit set e of the A candidate combined motion information unit sets) may be, for
example, distortion between an origina pixel value of a picture block (for example, the
current picture block) and a predicted pixel value that is of the picture block and that is
obtained by means of pixel value prediction performed on the picture block by using the
candidate combined motion information unit set (for example, the combined motion
information unit set €) (that is, distortion between an original pixel vaue and a predicted pixel
value that are of the picture block).

[0199] In some possible implementations of the present invention, distortion between an
original pixel value of a picture block (for example, the current picture block) and a predicted
pixel value that is of the picture block and that is obtained by means of pixel value prediction
performed on the picture block by using a candidate combined motion information unit set

(for example, the combined motion information unit set €) may be specifically, for example, a
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sum of squared differences (SSD), a sum of absolute differences (SAD), a sum of differences,
or another distortion parametric value that can measure distortion, between the original pixel
value of the picture block (for example, the current picture block) and the predicted pixel
value that is of the picture block and that is obtained by means of pixel value prediction
performed on the picture block by using the candidate combined motion information unit set
(for example, the combined motion information unit set €).

[0200] The following describes, by using examples, some possible manners of
determining W control pointsin a current picture block.

[0201] Optionally, in some possible implementations of the present invention, the W
control points include W control points of an upper left control point, an upper right control
point, alower left control point, and a central control point al in the current picture block.
[0202] The upper left control point in the current picture block is an upper left vertex of
the current picture block or a pixel block, in the current picture block, including an upper left
vertex of the current picture block. The lower left control point in the current picture block is
a lower left vertex of the current picture block or a pixel block, in the current picture block,
including a lower left vertex of the current picture block. The upper right control point in the
current picture block is an upper right vertex of the current picture block or a pixel block, in
the current picture block, including an upper right vertex of the current picture block. The
central pixel sample al of the current picture block is a central pixel of the current picture
block or a pixel block, in the current picture block, including a central pixel of the current
picture block.

[0203] Optionally, in some possible implementations of the present invention, a candidate
motion information unit set corresponding to the upper left control point in the current picture
block includes a motion information unit of x1 pixel units. The x1 pixel units include at |east
one pixel unit (for example, pattern blocks A, B, and C in FIG. 2-b) spatially adjacent to the
upper left control point in the current picture block and/or at least one pixel unit temporally
adjacent to the upper left control point in the current picture block, where x1 is a positive
integer.

[0204] For example, the x1 pixel units may include at least one of the following: a pixe

unit, in a video frame temporally adjacent to a video frame to which the current picture block
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belongs, whose location is the same as that of the upper left control point in the current
picture block; a pixel unit that is spatially adjacent to and that is on the left of the current
picture block; a pixel unit that is spatially adjacent to and that is on the upper left of the
current picture block; or a pixel unit that is spatially adjacent to and that is on an upper side of
the current picture block.

[0205] Optionally, in some possible implementations of the present invention, a candidate
motion information unit set corresponding to the upper right control point in the current
picture block includes a motion information unit of x2 pixel units. The x2 pixel units include
at least one pixel unit (for example, pattern blocks E and D in FIG. 2-b) spatially adjacent to
the upper right control point in the current picture block and/or at least one pixel unit
temporally adjacent to the upper right control point in the current picture block, where x2 isa
positive integer.

[0206] For example, the x2 pixel units may include at least one of the following: a pixe
unit, in a video frame temporally adjacent to a video frame to which the current picture block
belongs, whose location is the same as that of the upper right control point in the current
picture block; a pixel unit that is spatialy adjacent to and that is on the right of the current
picture block; a pixel unit that is spatially adjacent to and that is on the upper right of the
current picture block; or a pixel unit that is spatially adjacent to and that is on an upper side of
the current picture block.

[0207] Optionally, in some possible implementations of the present invention,

a candidate motion information unit set corresponding to the lower left control
point in the current picture block includes a motion information unit of x3 pixel units. The x3
pixel units include at least one pixel unit spatially adjacent to the lower left control point in
the current picture block and/or at least one pixel unit temporally adjacent to the lower left
control point in the current picture block, where x3 is a positive integer.

[0208] For example, the x3 pixel units may include at least one of the following: a pixel
unit, in avideo frame temporally adjacent to a video frame to which the current picture block
belongs, whose location is the same as that of the lower left control point in the current
picture block; a pixel unit that is spatially adjacent to and that is on the left of the current
picture block; a pixel unit that is spatially adjacent to and that is on the lower left of the
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current picture block; or a pixel unit that is spatially adjacent to and that is on alower side of
the current picture block.

[0209] Optionally, in some possible implementations of the present invention, a candidate
motion information unit set corresponding to the central control point al of the current picture
block includes a motion information unit of x5 pixel units. One of the x5 pixel unitsis a pixel
unit a2.

[0210] A location of the central control point al in a video frame to which the current
picture block belongs is the same as alocation of the pixel unit a2 in avideo frame adjacent to
the video frame to which the current picture block belongs, where x5 is a positive integer.
[0211] The following tables list a correspondence between a phase of a pixel unit and a
filter coefficient.

[0212] Table 1 lists a correspondence between a filter coefficient of a 64-phase
interpolation filter with a gain scale factor of 256 and a phase of apixel unit.

[0213] Table 2 lists a correspondence between a filter coefficient of a 64-phase

interpolation filter with a gain scale factor of 64 and a phase of a pixel unit.

Tablel

Phase Filter coefficient
{0, 0,0, 256, 0, 0, 0, O}
{0, 1, -3, 256, 4, -2, 0, 0}

{0, 2,7, 255, 8, -3, 1, O}

{-1, 3,10, 255, 12, 4, 1, 0}

{-1, 4, -13, 254, 16, -5, 2, -1}

{-1, 5,16, 253, 20, -7, 2, O}

{-1, 6,-18, 251, 25, -9, 3, -1}

{-2,7,-21, 250, 29, -10, 4, -1}

{2, 8,-23, 248, 34, -12, 4, -1}

© | oI Nl bW |DN|F—,|O

{2, 8, -25, 246, 38, -13, 5, -1}

=
o

{-2,9, 27, 244, 43, -15, 5, -1}
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Phase Filter coefficient
11 {-2, 10, 30, 242, 48, 16, 6, -2}
12 {2, 10, -31, 239, 52, -17, 5, O}
13 {-2, 10, =32, 237, 57, -18, 6, -2}
14 {-2, 11, 34, 234, 63, 21, 7, -2}
15 {-2, 11, 35, 231, 68, -21, 6, -2}
16 {3, 13, -38, 228, 74, -24, 9, -3}
17 {2, 12, -38, 224, 78, -24, 7, -1}
18 {=3, 14, 40, 221, 84, -27, 10, -3}
19 {2, 12, -39, 217, 88, 27, 8, -1}
20 {-3, 13, 40, 213, 94, -28, 9, -2}
21 {3, 15, 43, 210, 100, -31, 11, -3}
22 {=3, 13, 41, 205, 104, -30, 9, -1}
23 {=3, 12, 41, 201, 110, -31, 9, -1}
24 {=3, 15, 43, 197, 116, -35, 12, -3}
25 {-3, 14, -43, 192, 121, -35, 12, -2}
26 {-2, 13, -42, 187, 126, —35, 10, -1}
27 {-3, 14, 43, 183, 132, -37, 12, -2}
28 {-2, 13,42, 178, 137, —38, 12, -2}
29 {3, 14, 42, 173, 143, -39, 12, -2}
30 {3, 15, 43, 169, 148, —41, 14, -3}
31 {=3, 13, 41, 163, 153, 40, 13, -2}
32 {=3, 13, 40, 158, 158, 40, 13, -3}
33 {-2, 13, 40, 153, 163, 41, 13, -3}
34 {=3, 14, 41, 148, 169, 43, 15, -3}
35 {=2, 12, -39, 143, 173, —42, 14, -3}
36 {2, 12, -38, 137, 178, 42, 13, -2}
37 {-2, 12, 37, 132, 183, —43, 14, -3}
38 {-1, 10, —35, 126, 187, —42, 13, -2}
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Phase Filter coefficient
39 {=2, 12, -35, 121, 192, —43, 14, -3}
40 {-3, 12, -35, 116, 197, 43, 15, -3}
41 {-1,9,-31, 110, 201, -41, 12, -3}
42 {-1, 9, =30, 104, 205, -41, 13, -3}
43 {=3, 11, -31, 100, 210, 43, 15, -3}
44 {-2,9,-28, 94, 213, —40, 13, -3}
45 {-1, 8,27, 88, 217, -39, 12, -2}
46 {=3, 10, —27, 84, 221, —40, 14, -3}
47 {-1,7,-24, 78, 224, -38, 12, -2}
48 {=3,9,-24, 74, 228, -38, 13, -3}
49 {-2, 6,-21, 68, 231, —35, 11, -2}
50 {-2,7,-21, 63, 234, -34, 11, -2}
ol {-2, 6,18, 57, 237, -32, 10, -2}
52 {0, 5,17, 52, 239, -31, 10, -2}
53 {-2, 6, -16, 48, 242, —30, 10, -2}
54 {-1, 5, —15, 43, 244, 27, 9, 2}
55 {-1,5,-13, 38, 246, -25, 8, -2}
56 {-1, 4, —12, 34, 248, 23, 8, 2}
57 {-1, 4,-10, 29, 250, -21, 7, -2}
58 {-1, 3, -9, 25, 251, -18, 6, -1}
59 {0, 2, -7, 20, 253, -16, 5, -1}
60 {-1, 2,-5, 16, 254, 13, 4, -1}
61 {0, 1,4, 12, 255, -10, 3, -1}
62 {0, 1, -3, 8, 255, -7, 2, 0}
63 {0,0,-2, 4,256, -3, 1, O}
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Table?2

Phase Filter coefficient

0 {0,0,0,64,0,0,0, 0}

1 {0,0,-1,64,1,0,0, 0}

2 {0,0, -2, 64,3,-1, 0, O}
3 {0, 1, -2, 64,3,-2,0, 0}
4 {0,1,-3,63,4,-1,0, 0}
5 {0, 1,4, 63,5,-2, 1, 0}
6 {0, 1,4, 63,6,-2, 1, -1}
7 {0,1,-5,62,7,-2,1, 0}
8 {0, 2,-6,62,8,-3, 1, 0}
9 {0,1,-6, 62,10, -3, 1, -1}
10 {0, 2,7, 61, 11, -3, 1, -1}
11 {-1, 3,7, 60, 12, 4, 1, O}
12 {0, 2,-8, 60, 13, 4, 1, 0}
13 {0,2,-8,59, 14, 4, 1, 0}
14 {0, 3,-8, 58, 16, -5, 1, -1}
15 {0, 3,-9, 58, 17, -5, 1, -1}
16 {-1, 3, 9,57, 18,6, 2, 0}
17 {-1, 3,-9, 56, 19, -6, 2, O}
18 {-1, 3,-10, 55, 21, -6, 2, O}
19 {-1, 3,10, 54, 22, -7, 2, 1}
20 {0, 3,10, 53, 23,7, 2, 0}
21 {-1, 3,-10, 52, 25, -7, 2, O}
22 {-1, 3,-10, 51, 26, -8, 2, 1}
23 {0, 3,10, 50, 27,-8, 2, 0}
24 {-1, 3,-10, 49, 29, -8, 2, O}
25 {-1, 3,-10, 48, 30, -8, 2, 0}
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Filter coefficient

26 {-1, 3,-10, 47, 32, -9, 2, 0}
27 {-1, 3,11, 46, 33,9, 3, O}
28 {~1,3,-10, 44, 34, -9, 3, 0}
29 {-1,3,-10, 43, 36,9, 3, -1}
30 {-1, 3,10, 42, 37, -10, 3, 0}
31 {-1, 4,-10, 41, 38, 10, 3, -1}
32 {~1, 4, -11, 40, 40, 11, 4, -1}
33 {-1, 3,-10, 38, 41, 10, 4, 1}
34 {0, 3,10, 37, 42, -10, 3, -1}
35 {-1,3,-9, 36,43, -10, 3, -1}
36 {0,3,-9, 34, 44, 10, 3, -1}
37 {0, 3,-9, 33, 46, 11, 3, -1}
38 {0, 2,-9, 32, 47, -10, 3, -1}
39 {0, 2, -8, 30, 48, -10, 3, -1}
40 {0,2,-8, 29, 49, 10, 3, -1}
4 {0,2,-8, 27, 50, 10, 3, O}
42 {1,2,-8, 26,51, 10, 3, -1}
43 {0, 2,7, 25, 52, 10, 3, -1}
44 {0, 2,7, 23, 53,10, 3, 0}
45 {1,2,-7, 22, 54, -10, 3, -1}
46 {0, 2, -6, 21, 55, 10, 3, —1}
47 {0, 2,6, 19, 56, -9, 3, -1}
48 {0,2,-6, 18, 57, -9, 3, -1}
49 {-1,1,-5, 17,58, -9, 3, 0}
50 {-1,1,-5, 16, 58,8, 3, 0}
51 {0, 1,4, 14, 59, -8, 2, O}
52 {0, 1,4, 13, 60, -8, 2, 0}
53 {0,1, -4, 12, 60, 7, 3, -1}
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Phase Filter coefficient
54 {-1,1,-3,11, 61, -7, 2, O}
55 {-1,1,-3, 10, 62, -6, 1, O}
56 {0, 1,-3,8,62,-6, 2, 0}
57 {0,1,-2,7,62, -5,1, 0}
58 {-1,1,-2, 6,63, -4, 1,0}
59 {0,1,-2,5,63,4,1, 0}
60 {0,0,-1, 4,63, -3, 1, 0}
61 {0,0,-2,3,64,-2,1, 0}
62 {0,0,-1, 3, 64, -2, 0, O}
63 {0,0,0,1,64,-1,0, O}

[0214] For example, when a horizontal phase of a pixel unit is x = 12, if a 64-phase
interpolation filter with a gain scale factor of 256 is used, a horizontal interpolation filtering
result S may be represented as follows:

S=((—2) x Xy +10x X + (=31 x X, + 239% X, +52x X, + (—17) x X, +5x X, +0x X,) + Offset) / 256

[0215] A predicted pixel value of the pixel unit may be obtained by using the interpolation
filtering result S, where offset may be any integer.

[0216] The following uses some test data to present technical effects of the solutions of
the embodiments of the present invention.

[0217] Table 3 and Table 4 provide contrast of some test performance between a
conventional solution and the solutions of the embodiments of the present invention. Table 3
lists test performance of the conventional solution, and Table 4 lists test performance of

solutions of some embodiments of the present invention.

Table3
Class Sequence Y BD-Rate (U BD-Rate|V BD-Rate [EncTime [DecTime
Dolphin —1.4% 0.0% —0.2% 209.2%  |209.6%
Class Affine
City —4.2% —3.8% —4.5% 218.5%  |169.5%




Class Sequence Y BD-Rate |U BD-Rate|V BD-Rate [EncTime [DecTime

Crew —1.8% —0.9% —2.4% 212.0% 199.1%
Jets —16.5% —17.2% —16.3% 252.0% 184.5%
Tractor —27.8% —22.3% —22.9% 225.5%  |343.1%
Flowervase 4.8% —6.9% —4.7% 248.2% 170.9%
BlueSky —9.5% —6.3% —5.2% 237.3% 287.1%
TableCard  |-6.5% —2.9% —4.7% 217.7% 218.2%

SpinCalendar |-26.0% —28.9% —24. 7% 247.4% 212.1%

Average All —10.9% —9.9% —9.5% 229.8% 221.6%
Table4
Class Sequence Y BD-Rate | U BD-Rate | V BD-Rate | EncTime | DecTime
Dolphin -1.3% —0.8% —0.6% 148.0% | 96.7%
City —4.3% —2.6% —4.0% 160.3% | 102.7%
Crew -1.7% -1.4% —2.8% 154.7% | 109.5%
Jets —21.3% -19.7% —21.2% 1751% | 116.3%
Clajss Tractor —29.1% —25.3% —25.1% 154.4% | 125.3%
Affine Flowervase | —-6.8% —17.2% -3.9% 172.6% | 113.8%
BlueSky -10.1% —8.7% —6.8% 165.4% | 127.5%
TableCard —6.0% —2.7% —4.7% 151.8% | 109.5%
SpinCalendar | —32.8% -33.4% —28.8% 172.6% | 113.1%
Average | All -12.6% -11.3% -10.9% 161.7% | 112.7%

[0218] It can be learnt from contrast between the foregoing two tables that, the technical
solutions of the embodiments of the present invention have a great improvement in encoding
and decoding performance compared with the prior art.

[0219] The following further provides a related apparatus configured to implement the
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foregoing solutions.

[0220] Referring to FIG. 5, an embodiment of the present invention provides a picture
prediction apparatus 500, which may include a first determining unit 510, a calculation unit
520, and an interpolation filtering unit 540.

[0221] The first determining unit 510 is configured to determine motion vectors of W
control pointsin acurrent picture block.

[0222] The calculation unit 520 is configured to obtain, by means of calculation, motion
vectors of P pixel units of the current picture block by using a motion model and the motion
vectors of the W control points, where precision of the determined motion vectors of the W
control points is 1/n of pixel precision, precision of the motion vector that is obtained by
means of calculation and that is of each of the P pixel unitsis 1/N of the pixel precision, and
the P pixel units are some or all of pixel units of the current picture block.

[0223] The motion vector of each of the P pixel unitsis used to determine a corresponding
reference pixel unit, in a reference picture, of a corresponding pixel unit. W, n, and N are
integers greater than 1. N is greater than n. Pis a positive integer.

[0224] The interpolation filtering unit 540 is configured to perform interpolation filtering
on a pixel of the reference pixel unit, in the reference picture, of each of the P pixel units by
using an interpolation filter with a phase of Q, to obtain a predicted pixel value of each of the
P pixel units.

[0225] The picture prediction apparatus 500 may further include a second determining
unit 530, configured to determine the corresponding reference pixel unit, in the reference
picture, of each of the P pixel units by using the motion vector of each of the P pixel units.
[0226] Optionally, in some possible implementations of the present invention, a value of
N isapreset fixed value, and Q isless than or equal to N.

[0227] Optionally, in some possible implementations of the present invention, a horizontal
component or a vertical component of one of the motion vectors of the W control points is
amplified N times in the motion model by using N, or a component difference between
motion vectors of any two of the W control points is amplified N times in the motion model
by using N.

[0228] Optionally, in some possible implementations of the present invention,
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the second determining unit 530 is specifically configured to: obtain, by means of
calculation, an integer-pixel location of each of the P pixel units by using the motion vector of
each of the P pixe units; and search, by using the motion vector of each of the P pixel units,
the reference picture for a reference pixel unit corresponding to the integer-pixel location of
each of the P pixel units, where the reference pixel unit that is corresponding to the
integer-pixel location of each of the P pixel units and that is found in the reference picture is
the reference pixel unit, in the reference picture, of each of the P pixel units.
[0229] Optionally, in some possible implementations of the present invention, in an aspect
of obtaining, by means of calculation, an integer-pixel location of each of the P pixel units by
using the motion vector of each of the P pixel units, the second determining unit 530 is
specifically configured to:

obtain, by means of calculation, the integer-pixel location of each of the P pixel
units according to the following formula by using the motion vector of each of the P pixel

units:

\%

xInt = [v,, /N], orxint=v,, > M;

\%

ylnt:[vNy/ N], or yint = v, X where
M is equal to log,N when N is an integral power of 2, (xInt, yInt) represents

integer-pixel location coordinates of a pixel unit with coordinates of (x, y) in the current
picture block, Vyy represents a horizontal component of a motion vector, whose precision
is /N of the pixel precision, of the pixel unit with the coordinates of (x, y) in the current
picture block, and V, represents a vertica component of the motion vector, whose

precision is /N of the pixel precision, of the pixel unit with the coordinates of (X, y) in the
current picture block.
[0230] Optionally, in some possible implementations of the present invention,

the interpolation filtering unit is specifically configured to: obtain, by means of
calculation, a phase of each of the P pixel units by using the motion vector of each of the P
pixel units; determine, based on the phase of each pixel unit, the interpolation filter with the
phase of Q that is corresponding to the corresponding pixel unit, where a filter coefficient

used by the interpolation filter is corresponding to the phase; and perform interpolation
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filtering on the pixel of the corresponding reference pixel unit, in the reference picture, of
each pixel unit by using the determined interpolation filter with the phase of Q that is
corresponding to the corresponding pixel unit.

[0231] Optionally, in some possible implementations of the present invention, in an aspect
of obtaining, by means of calculation, a phase of each of the P pixel units by using the motion
vector of each of the P pixel units, the interpolation filtering unit is specifically configured to
obtain, by means of calculation, the phase of each of the P pixel units according to the
following formula by using the motion vector of each of the P pixel units:

X'=abs (v, )%N, or X'=v,, & (1 < M) -1);

Y'=abs (v, )%N, or Y'=v, & (1 < M) -1); where

M is equa to logoN when N is an integral power of 2, X' represents a horizontal
phase of a pixel unit with coordinates of (X, y) in the current picture block, Y' represents a

vertical phase of the pixel unit with the coordinates of (X, y) in the current picture block,
Vnx represents a horizontal component of a motion vector, whose precision is N of the
pixel precision, of the pixel unit with the coordinates of (X, y) in the current picture block, and
Vyy represents a vertica component of the motion vector, whose precision is /N of the

pixel precision, of the pixel unit with the coordinates of (x, y) in the current picture block.
[0232] Optionally, in some possible implementations of the present invention, the phase
includes a horizontal phase and a vertical phase; and

in an aspect of determining, based on the phase of each pixel unit, the interpolation
filter with the phase of Q that is corresponding to the corresponding pixel unit, the
interpolation filtering unit is specifically configured to: determine, based on the horizontal
phase of each pixel unit, a horizontal interpolation filter with a phase of Q that is
corresponding to the corresponding pixel unit; and determine, based on the vertical phase of
each pixel unit, a vertical interpolation filter with a phase of Q that is corresponding to the
corresponding pixel unit, where afilter coefficient used by the horizontal interpolation filter is
corresponding to the horizontal phase, and a filter coefficient used by the vertica
interpolation filter is corresponding to the vertical phase.

[0233] Optionally, in some possible implementations of the present invention, in an aspect
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of performing interpolation filtering on the pixel of the corresponding reference pixel unit, in
the reference picture, of each pixel unit by using the determined interpolation filter with the
phase of Q that is corresponding to the corresponding pixel unit, the interpolation filtering
unit is specifically configured to:

perform horizontal interpolation filtering on a pixel of a corresponding reference
pixel unit, in the reference picture, of a pixel unit i by using a determined horizontal
interpolation filter with a phase of Q that is corresponding to the pixel unit i, to obtain a
horizontal interpolation filtering result; and perform vertical interpolation filtering on the
horizontal interpolation filtering result by using a determined vertical interpolation filter with
a phase of Q that is corresponding to the pixel unit i, to obtain a predicted pixel value of the
pixel unit i, where the pixel unit i isany one of the P pixel units; or

perform vertica interpolation filtering on a pixel of a corresponding reference
pixel unit, in the reference picture, of a pixel unit j by using a determined vertical
interpolation filter with a phase of Q that is corresponding to the pixel unit j, to obtain a
vertical interpolation filtering result; and perform horizontal interpolation filtering on the
horizontal interpolation filtering result by using a determined horizontal interpolation filter
with a phase of Q that is corresponding to the pixel unit j, to obtain a predicted pixel value of
the pixel unit j, where the pixel unit j isany one of the P pixel units.
[0234] Optionally, in some possible implementations of the present invention, the motion
model is a tranglational motion model, an affine motion model, a rotational motion model, a
zooming motion model, a parabolic motion model, a shearing motion model, a perspective
motion model, or a bilinear motion model.
[0235] Optionally, in some possible implementations of the present invention,

the motion mode! is represented as follows when W is equal to 2:

(le _V0x) X N X — (Vly _VOy) X N

Vi = ( 3 3 y+Nv,)/n
V,, —V,, ) x N _
Vi :(( Ly Ey) X+ (v VLox)X N y+Nv,)/n
, or
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_ (M Vo) x(N/n) ¥ (Vly_VOy)X(N/n)

" = L L y+(N/n)V0x
V,, —V, N/n -
\ = ( 1y Oyl)_X( )X+ (Vi VOx)LX(N/n) y+(N/h)Voy
, Where

L represents a width or a height of the current picture block, (VOX,VOy) and

(le,vly) represent motion vectors, whose precision is 1/n of the pixel precision, of two

control points, Vy represents a horizontal component of a motion vector, whose precision
5 is 1/N of the pixel precision, of a pixel unit with coordinates of (x, y) in the current picture
block, and V\, represents a vertical component of the motion vector, whose precision is

1/N of the pixel precision, of the pixel unit with the coordinates of (X, y) in the current picture
block.

[0236] Optionally, in some possible implementations of the present invention,

10 the motion model is represented as follows when W is equal to 3:
( Vv, —V, N v, —V N
VNX :(( 1x Ox)>< X+( 2X Ox)>< y+ NVOX)/n
W
<
V,, —V,,)xN V.., —V..)x N
VNy _ ( ly Oy) X+( 2y Oy) y+ NVOy)/n
K W h - or
VNX — (le_VOx)X(N/n) X + (VZX_VOXI?IX(N/n) y+(N/n)VOX
W
V,, —V,,)x(N/n V., —V..)x(N/n
" =( ly Oy) ( )X+( 2y Oy) ( )y+(N/n)VO
W h Y
, Where

Vux represents a horizontal component of a motion vector, whose precision is

1/N of the pixel precision, of a pixel unit with coordinates of (X, y) in the current picture block,

15 V,, represents a vertical component of the motion vector, whose precision is 1/N of the
pixel precision, of the pixel unit with the coordinates of (X, y) in the current picture block,

(Vo Voy) (Vo V), and (V,,,V,,) represent motion vectors, whose precision is 1/n of the

pixel precision, of three control points, w represents a width of the current picture block, and

h represents a height of the current picture block.
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[0237] Optionally, in some possible implementations of the present invention, the motion
vectors of the W control points are predicted based on a motion vector, whose precision is 1/n
of the pixel precision, of an encoded picture block or a decoded picture block that surrounds
the current picture block.

[0238] Optionally, in some possible implementations of the present invention, the picture
prediction apparatus 500 is applied to a video encoding apparatus, or the picture prediction
apparatus 500 is applied to avideo decoding apparatus.

[0239] It can be understood that, functions of the functional modules of the picture
prediction apparatus 600 in this embodiment may be specifically implemented according to
the methods in the foregoing method embodiments. For a specific implementation process of
the picture prediction apparatus 600, reference may be made to related descriptions in the
foregoing method embodiments. Details are not described herein again. The picture prediction
apparatus 600 may be any apparatus that needs to output or play a video, for example, a
notebook computer, a tablet computer, a persona computer, a mobile phone, or another
device.

[0240] It can be learnt that, in the picture prediction method provided in this embodiment,
the picture prediction apparatus 500 obtains, by means of calculation, the motion vector,
whose precision is /N of the pixel precision, of each pixel unit of the current picture block by
using the motion model and the motion vectors, whose precision is 1/n of the pixel precision,
of the W control points, where N is greater than n. In other words, the precision of the motion
vector that is obtained by means of calculation and that is of each pixel unit of the current
picture block is higher than the precision of the determined motion vectors of the W control
points. The higher-precision motion vector is obtained first. Therefore, the higher-precision
motion vector of each pixel unit of the current picture block is used to determine the
corresponding reference pixel unit, in the reference picture, of each pixel unit of the current
picture block, and interpolation filtering is performed on the pixel of the corresponding
reference pixel unit, in the reference picture, of each pixel unit of the current picture block by
using the interpolation filter with the phase of Q (Q is greater than n), to obtain the predicted
pixel value of each pixel unit of the current picture block. It can be learnt that, the foregoing

manner helps reduce a quantity of times of interpolation filtering required for obtaining, by
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means of prediction, the higher-precision predicted pixel value of the current picture block
(for example, an intermediate process for obtaining a lower-precision predicted pixel value by
performing lower-precision interpolation filtering may not be required), so as to reduce a
quantity of times of intermediate caches and memory operations that are required for
interpolation filtering during a picture prediction process, and reduce calculation complexity
during the picture prediction process.
[0241] Referring to FIG 6, FIG. 6 is a structural block diagram of a picture prediction
apparatus 600 according to another embodiment of the present invention. The picture
prediction apparatus 600 may include at least one processor 601, a memory 605, and at |east
one communications bus 602. The communications bus 602 is configured to implement a
connection and communication between the components.
[0242] The picture prediction apparatus 600 may optionally include at least one network
interface 604 and/or a user interface 603. The user interface 603 may include a display (for
example, holographic imaging (Holographic), a cathode-ray tube, or a projector (Projector)), a
pointing device (for example, amouse, atrackball (trackball), atouch panel, or atouchscreen),
a camera and/or a sound pickup apparatus, or the like.
[0243] The memory 605 may include a read-only memory and a random access memory,
and provide an instruction and data for the processor 601. A part of the memory 605 may
further include a non-volatile random access memory.
[0244] In some implementations, the memory 605 stores the following elements. an
executable module or a data structure, their subsets, or their extended sets; and the memory
605 includes:

an operating system 6051, including various system programs, and configured to
implement various basic services and handle hardware-based tasks; and

an application program module 6052, including various application programs, and
configured to implement various application services.
[0245] In this embodiment of the present invention, by invoking the program or the
instruction that is stored in the memory 605, the processor 601 is configured to: determine
motion vectors of W control pointsin a current picture block; obtain, by means of calculation,

motion vectors of P pixel units of the current picture block by using a motion model and the
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motion vectors of the W control points, where precision of the determined motion vectors of
the W control pointsis 1/n of pixel precision, precision of the motion vector that is obtained
by means of calculation and that is of each of the P pixel unitsis 1/N of the pixel precision,
the P pixel units are some or al of pixel units of the current picture block, the motion vector
of each of the P pixel units is used to determine a corresponding reference pixel unit, in a
reference picture, of a corresponding pixel unit, W, n, and N are integers greater than 1, N is
greater than n, and P is a positive integer; and perform interpolation filtering on a pixel of the
corresponding reference pixel unit, in the reference picture, of each of the P pixel units by
using an interpolation filter with a phase of Q, to obtain a predicted pixel vaue of each of the
P pixel units, where Q is an integer greater than n.
[0246] Optionally, in some possible implementations of the present invention, a value of
N isapreset fixed value, and Q isless than or equal to N.
[0247] Optionally, in some possible implementations of the present invention, a horizontal
component or a vertical component of one of the motion vectors of the W control points is
amplified N times in the motion model by using N, or a component difference between
motion vectors of any two of the W control points is amplified N times in the motion model
by using N.
[0248] Optionally, in some possible implementations of the present invention, the
determining, by the processor, a corresponding reference pixel unit, in a reference picture, of
each of the P pixel units by using the motion vector of each of the P pixel unitsincludes:
obtaining, by means of calculation, an integer-pixel location of each of the P pixel
units by using the motion vector of each of the P pixel units; and searching, by using the
motion vector of each of the P pixel units, the reference picture for a reference pixel unit
corresponding to the integer-pixel location of each of the P pixel units, where the reference
pixel unit that is corresponding to the integer-pixel location of each of the P pixel units and
that is found in the reference picture is the reference pixel unit, in the reference picture, of
each of the P pixel units.
[0249] Optionally, in some possible implementations of the present invention, the
obtaining, by means of calculation by the processor, an integer-pixel location of each of the P

pixel units by using the motion vector of each of the P pixel unitsincludes:
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obtaining, by means of calculation, the integer-pixel location of each of the P pixel
units according to the following formula by using the motion vector of each of the P pixel
units:
xInt =[v,, /N], orxint=v,, > M;

yint=[v, /N], oryint=v,, > M; where

M is equal to log:N when N is an integral power of 2, (xInt, yInt) represents

integer-pixel location coordinates of a pixel unit with coordinates of (X, y) in the current
picture block, Vy, represents a horizontal component of a motion vector, whose precision
is /N of the pixel precision, of the pixel unit with the coordinates of (x, y) in the current
picture block, and Vy, represents a vertical component of the motion vector, whose

precision is /N of the pixel precision, of the pixel unit with the coordinates of (X, y) in the
current picture block.
[0250] Optionally, in some possible implementations of the present invention, the
performing, by the processor, interpolation filtering on a pixel of the reference pixel unit, in
the reference picture, of each of the P pixel units by using an interpolation filter with a phase
of Q includes.

obtaining, by means of calculation, a phase of each of the P pixel units by using
the motion vector of each of the P pixel units; determining, based on the phase of each pixel
unit, the interpolation filter with the phase of Q that is corresponding to the corresponding
pixel unit, where a filter coefficient used by the interpolation filter is corresponding to the
phase; and performing interpolation filtering on the pixel of the corresponding reference pixel
unit, in the reference picture, of each pixel unit by using the determined interpolation filter
with the phase of Q that is corresponding to the corresponding pixel unit.
[0251] Optionally, in some possible implementations of the present invention, the
obtaining, by means of calculation by the processor, a phase of each of the P pixel units by
using the motion vector of each of the P pixel units includes: obtaining, by means of
calculation, the phase of each of the P pixel units according to the following formula by using

the motion vector of each of the P pixel units:
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X'=abs (v, )%N, or X'=v,, & (1 < M) -1);

Y'=abs (v, )%N, or Y'=v & (1 < M) -1); where

M is equa to logoN when N is an integral power of 2, X' represents a horizontal
phase of a pixel unit with coordinates of (X, y) in the current picture block, Y' represents a

vertical phase of the pixel unit with the coordinates of (X, y) in the current picture block,
Vx represents a horizontal component of a motion vector, whose precision is N of the
pixel precision, of the pixel unit with the coordinates of (X, y) in the current picture block, and
Vyy represents a vertica component of the motion vector, whose precision is /N of the

pixel precision, of the pixel unit with the coordinates of (x, y) in the current picture block.
[0252] Optionally, in some possible implementations of the present invention, the phase
includes a horizontal phase and a vertical phase; and the determining, by the processor and
based on the phase of each pixel unit, the interpolation filter with the phase of Q that is
corresponding to the corresponding pixel unit includes: determining, based on the horizontal
phase of each pixel unit, a horizontal interpolation filter with a phase of Q that is
corresponding to the corresponding pixel unit; and determining, based on the vertical phase of
each pixel unit, a vertical interpolation filter with a phase of Q that is corresponding to the
corresponding pixel unit, where afilter coefficient used by the horizontal interpolation filter is
corresponding to the horizontal phase, and a filter coefficient used by the vertical
interpolation filter is corresponding to the vertical phase.
[0253] Optionally, in some possible implementations of the present invention, the
performing, by the processor, interpolation filtering on the pixel of the corresponding
reference pixel unit, in the reference picture, of each pixel unit by using the determined
interpolation filter with the phase of Q that is corresponding to the corresponding pixel unit
includes:

performing horizontal interpolation filtering on a pixel of a corresponding
reference pixel unit, in the reference picture, of a pixel unit i by using a determined horizontal
interpolation filter with a phase of Q that is corresponding to the pixel unit i, to obtain a
horizontal interpolation filtering result; and performing vertical interpolation filtering on the

horizontal interpolation filtering result by using a determined vertical interpolation filter with
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a phase of Q that is corresponding to the pixel unit i, to obtain a predicted pixel value of the
pixel unit i, where the pixel unit i isany one of the P pixel units; or

performing vertical interpolation filtering on a pixel of a corresponding reference
pixel unit, in the reference picture, of a pixel unit j by using a determined vertical
interpolation filter with a phase of Q that is corresponding to the pixel unit j, to obtain a
vertical interpolation filtering result; and performing horizontal interpolation filtering on the
horizontal interpolation filtering result by using a determined horizontal interpolation filter
with a phase of Q that is corresponding to the pixel unit j, to obtain a predicted pixel value of
the pixel unit j, where the pixel unit j isany one of the P pixel units.
[0254] Optionally, in some possible implementations of the present invention, the motion
model is a tranglational motion model, an affine motion model, a rotational motion model, a
parabolic motion model, a shearing motion model, a zooming motion model, a perspective
motion model, or a bilinear motion model.
[0255] Optionally, in some possible implementations of the present invention,

the motion model is represented as follows when W is equal to 2:

B Vv, —V..)xN
Vi = ((le VOX)X N X— ( 2l Oy) y+ NVOX)/n
L L
V, —V. )x N -
v, :(( 1y ~Voy) X+ (Vi = Vo) x N y+Nv, )/n
y L L g ;or
) —Vp,)x (N
W VOX)LX(N/n) o My Vovl)_x( " y+(N/n)Vy,
_ N/ -
Y- (Vly Voy)X( n) X+ (Vi = Vo) x (N/ ) y+(N/ ﬂ)VOy
L L , Where

L represents a width or a height of the current picture block, (V,,\,) and
(le,vly) represent motion vectors, whose precision is 1/n of the pixel precision, of two
control points, Vy, represents a horizontal component of a motion vector, whose precision
is /N of the pixel precision, of a pixel unit with coordinates of (X, y) in the current picture

block, and V, represents a vertical component of the motion vector, whose precision is

1/N of the pixel precision, of the pixel unit with the coordinates of (x, y) in the current picture

block.
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[0256] Optionally, in some possible implementations of the present invention,

the motion mode! is represented as follows when W is equal to 3:

-

Vi =((VlX Vo XNy, (Ve _\;?X)X N y+Nv,,)/n
w
<
(Vy, —Voy ) XN (V,, —Vp, ) x N
y = (2 sz X+ — r:)y y+Nvg,)/n
N , or
Vi = 0y =V ) <(NT) (¥, _VOXgX(N/n) y+(N/n)vy,
W
V,, —V N/n V,, —V N/n
vNy:(1 Oyv)vx( )x+(2y Oyr)lx( )Y+(N/n)V0y

, where

Vux represents a horizontal component of a motion vector, whose precision is

1/N of the pixel precision, of apixel unit with coordinates of (x, y) in the current picture block,

\Y . . . .
NY  represents a vertica component of the motion vector, whose precision is 1/N of the

pixel precision, of the pixel unit with the coordinates of (X, y) in the current picture block,

V. ,V. Vv, ,V V,.,V. . L
(Vo Oy), (Vo 1y), and (Voo Vay ) represent motion vectors, whose precision is 1/n of the

pixel precision, of three control points, w represents a width of the current picture block, and
h represents a height of the current picture block.

[0257] Optionally, in some possible implementations of the present invention, the motion
vectors of the W control points are predicted based on a motion vector, whose precision is 1/n
of the pixel precision, of an encoded picture block or a decoded picture block that surrounds
the current picture block.

[0258] Optionally, in some possible implementations of the present invention, a value of
N isapreset fixed value.

[0259] Optionally, in some possible implementations of the present invention, the picture
prediction apparatus 600 is applied to a video encoding apparatus, or the picture prediction
apparatus 600 is applied to avideo decoding apparatus.

[0260] It can be understood that, functions of the functional modules of the picture
prediction apparatus 600 in this embodiment may be specifically implemented according to

the methods in the foregoing method embodiments. For a specific implementation process of
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the picture prediction apparatus 600, reference may be made to related descriptions in the
foregoing method embodiments. Details are not described herein again. The picture prediction
apparatus 600 may be any apparatus that needs to output or play a video, for example, a
notebook computer, a tablet computer, a personal computer, a mobile phone, or another
device.

[0261] It can be learnt that, in the picture prediction method provided in this embodiment,
the picture prediction apparatus 600 obtains, by means of calculation, the motion vector,
whose precision is /N of the pixel precision, of each pixel unit of the current picture block by
using the motion model and the motion vectors, whose precision is 1/n of the pixel precision,
of the W control points, where N is greater than n. In other words, the precision of the motion
vector that is obtained by means of calculation and that is of each pixel unit of the current
picture block is higher than the precision of the determined motion vectors of the W control
points. The higher-precision motion vector is obtained first. Therefore, the higher-precision
motion vector of each pixel unit of the current picture block is used to determine the
corresponding reference pixel unit, in the reference picture, of each pixel unit of the current
picture block, and interpolation filtering is performed on the pixel of the corresponding
reference pixel unit, in the reference picture, of each pixel unit of the current picture block by
using the interpolation filter with the phase of Q (Q is greater than n), to obtain the predicted
pixel value of each pixel unit of the current picture block. It can be learnt that, the foregoing
manner helps reduce a quantity of times of interpolation filtering required for obtaining, by
means of prediction, the higher-precision predicted pixel value of the current picture block
(for example, an intermediate process for obtaining a lower-precision predicted pixel value by
performing lower-precision interpolation filtering may not be required), so as to reduce a
quantity of times of intermediate caches and memory operations that are required for
interpolation filtering during a picture prediction process, and reduce calculation complexity
during the picture prediction process.

[0262] In the foregoing embodiments, the description of each embodiment has respective
focuses. For a part that is not described in detail in an embodiment, reference may be made to
related descriptionsin other embodiments.

[0263] In the severa embodiments provided in this application, it should be understood
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that the disclosed apparatus may be implemented in other manners. For example, the
described apparatus embodiments are merely examples. For example, the unit division is
merely logical function divison and may be other division in actual implementation. For
example, a pluraity of units or components may be combined or integrated into another
system, or some features may be ignored or not performed. In addition, the displayed or
discussed mutual couplings or direct couplings or communication connections may be
implemented by using some interfaces. The indirect couplings or communication connections
between the apparatuses or units may be implemented in electronic or other forms.

[0264] The units described as separate parts may or may not be physically separate, and
parts displayed as units may or may not be physical units, may be located in one position, or
may be distributed on a plurality of network units. Some or al of the units may be selected
according to actual requirements to achieve the objectives of the solutions of the
embodiments.

[0265] In addition, functional units in the embodiments of the present invention may be
integrated into one processing unit, or each of the units may exist alone physically, or at least
two units may be integrated into one unit. The integrated unit may be implemented in a form
of hardware, or may be implemented in aform of a software functional unit.

[0266] When the integrated unit is implemented in the form of a software functional unit
and sold or used as an independent product, the integrated unit may be stored in a computer
readable storage medium. Based on such an understanding, the technical solutions of the
present invention essentialy, or the part contributing to the prior art, or all or some of the
technical solutions may be implemented in a form of a software product. The computer
software product is stored in a storage medium and includes severa instructions for
instructing a computer device (which may be a personal computer, a server, a network device,
or the like) to perform al or some of the steps of the methods described in the embodiments
of the present invention. The foregoing storage medium includes: any medium that can store
program code, such as a USB flash drive, aread-only memory (ROM, Read-Only Memory), a
random access memory (RAM, Random Access Memory), a removable hard disk, a magnetic
disk, or an optical disc.

[0267] The foregoing embodiments are merely intended to describe the technical
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solutions of the present invention, but not to limit the present invention. Although the present
invention is described in detall with reference to the foregoing embodiments, persons of
ordinary skill in the art should understand that they may still make modifications to the
technical solutions described in the foregoing embodiments or make equivaent replacements
to some technical features thereof, without departing from the scope of the technical solutions

of the embodiments of the present invention.
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CLAIMS

What isclaimed is:

1. A picture prediction method, comprising:

determining motion vectors of W control pointsin a current picture block;

obtaining, by means of calculation, motion vectors of P pixel units of the current picture
block by using a motion model and the motion vectors of the W control points, wherein
precision of the determined motion vectors of the W control points is 1/n of pixel precision,
precision of the motion vector that is obtained by means of calculation and that is of each of
the P pixel unitsis 1/N of the pixel precision, the P pixel units are some or all of pixel units of
the current picture block, the motion vector of each of the P pixel unitsis used to determine a
corresponding reference pixel unit, in a reference picture, of a corresponding pixel unit, W, n,
and N are integers greater than 1, N is greater than n, and Pis a positive integer; and

performing interpolation filtering on a pixel of the corresponding reference pixel unit, in
the reference picture, of each of the P pixel units by using an interpolation filter with a phase
of Q, to obtain a predicted pixel value of each of the P pixel units, wherein Q is an integer
greater than n.

2. The method according to claim 1, wherein avalue of N is a preset fixed value, and Q
islessthan or equal to N.

3. The method according to claim 1 or 2, wherein a horizontal component or a vertica
component of one of the motion vectors of the W control points is amplified N times in the
motion model by using N, or a component difference between motion vectors of any two of
the W control pointsisamplified N timesin the motion model by using N.

4. The method according to any one of clams 1 to 3, wherein the performing
interpolation filtering on a pixel of the corresponding reference pixel unit, in the reference
picture, of each of the P pixel units by using an interpolation filter with a phase of Q
comprises:

obtaining, by means of calculation, a phase of each of the P pixel units by using the

motion vector of each of the P pixel units; determining, based on the phase of each pixel unit,
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the interpolation filter with the phase of Q that is corresponding to the corresponding pixel
unit, wherein afilter coefficient used by the interpolation filter is corresponding to the phase;
and performing interpolation filtering on the pixel of the corresponding reference pixel unit,
in the reference picture, of each pixel unit by using the determined interpolation filter with the
phase of Q that is corresponding to the corresponding pixel unit.

5. The method according to clam 4, wherein the obtaining, by means of calculation, a
phase of each of the P pixel units by using the motion vector of each of the P pixel units
comprises: obtaining, by means of calculation, the phase of each of the P pixel units according
to the following formula by using the motion vector of each of the P pixel units:

X' = abs (v, )%N, or X'= v, & (1 < M) —1);

Y'=abs(vy,)%N, orY'=v,, & (1 < M) -1)0 oo

M isequal to logoN when N is an integral power of 2, X' represents a horizontal phase of

a pixel unit with coordinates of (x, y) in the current picture block, Y' represents a vertical
phase of the pixel unit with the coordinates of (x, y) in the current picture block, V

represents a horizontal component of a motion vector, whose precision is /N of the pixel

precision, of the pixel unit with the coordinates of (x, y) in the current picture block, and
Vyy represents a vertical component of the motion vector, whose precision is 1/N of the

pixel precision, of the pixel unit with the coordinates of (x, y) in the current picture block.

6. The method according to claim 4 or 5, wherein the phase comprises a horizontal phase
and a vertical phase; and the determining, based on the phase of each pixel unit, the
interpolation filter with the phase of Q that is corresponding to the corresponding pixel unit
comprises: determining, based on the horizontal phase of each pixel unit, a horizontal
interpolation filter with a phase of Q that is corresponding to the corresponding pixel unit; and
determining, based on the vertical phase of each pixel unit, a vertical interpolation filter with
a phase of Q that is corresponding to the corresponding pixel unit, wherein afilter coefficient
used by the horizontal interpolation filter is corresponding to the horizontal phase, and afilter
coefficient used by the vertical interpolation filter is corresponding to the vertical phase.

7. The method according to claim 6, wherein the performing interpolation filtering on the

pixel of the corresponding reference pixel unit, in the reference picture, of each pixel unit by
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using the determined interpolation filter with the phase of Q that is corresponding to the
corresponding pixel unit comprises:

performing horizontal interpolation filtering on a pixel of a corresponding reference
pixel unit, in the reference picture, of a pixel unit i by using a determined horizontal
interpolation filter with a phase of Q that is corresponding to the pixel unit i, to obtain a
horizontal interpolation filtering result; and performing vertical interpolation filtering on the
horizontal interpolation filtering result by using a determined vertical interpolation filter with
a phase of Q that is corresponding to the pixel unit i, to obtain a predicted pixel value of the
pixel unit i, wherein the pixel unit i isany one of the P pixel units; or

performing vertical interpolation filtering on a pixel of a corresponding reference pixel
unit, in the reference picture, of a pixel unit j by using a determined vertical interpolation
filter with a phase of Q that is corresponding to the pixel unit j, to obtain a vertica
interpolation filtering result; and performing horizontal interpolation filtering on the
horizontal interpolation filtering result by using a determined horizontal interpolation filter
with a phase of Q that is corresponding to the pixel unit j, to obtain a predicted pixel value of
the pixel unit j, wherein the pixel unit j is any one of the P pixel units.

8. The method according to any one of claims 1 to 7, wherein the motion model is a
trandational motion model, an affine motion model, a rotational motion model, a parabolic
motion model, a shearing motion model, a zooming motion model, a perspective motion
model, or abilinear motion mode!.

9. The method according to any one of clams 1 to 8, wherein the motion model is
represented as follows when W is equal to 2:

(Vo) XN (% =¥g,) N
L L
(y Vo) <N ot Lo = Vo) XN y+Nv,,)/n
L L or
v, = (Vo)X (NT) (Vy —Vo,)x(N/n)
L L
. (vly—voyl)_x(N/n) et (le—VOXI)_x(N/n) y+(N /v, e

VNx:( y+NVOx)/n

VNy :(

y+(N / n)VOx

L represents a width or a height of the current picture block, (Vox,Vp,) and (Vi Vi)
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represent motion vectors, whose precision is 1/n of the pixel precision, of two control points,
Vux represents a horizontal component of a motion vector, whose precision is N of the
pixel precision, of a pixel unit with coordinates of (x, y) in the current picture block, and
Vyy represents a vertica component of the motion vector, whose precision is /N of the

pixel precision, of the pixel unit with the coordinates of (x, y) in the current picture block.

10. The method according to any one of claims 1 to 8, wherein the motion model is
represented as follows when W is equal to 3:
(Vi = Vo) XN X+ (Vox =Vox) XN

w h
(Vyy — Vo, ) XN i (Vay = Vo, ) XN

W h

VNx :( y+ NVOX)/n

Vyy = ( y+Nvy,)/n

- or
(le _VOX)X(N/n) X+ (V2x _VOXr:X(N/n) y+(N/n)V0x

w .
V,, —V, N/n V,, —V, N/n , Wherein
(y Vo) )x+( 2y ~Voy) X ( )y+(N/n)voy

NXx

4 W h

Vux represents a horizontal component of a motion vector, whose precision is /N of
the pixel precision, of a pixel unit with coordinates of (x, y) in the current picture block,
Vyy represents a vertica component of the motion vector, whose precision is /N of the
pixel precision, of the pixel unit with the coordinates of (X, y) in the current picture block,
(VoxsVoy) . (Vo V), and (V,, V) represent motion vectors, whose precision is 1/n of the
pixel precision, of three control points, w represents a width of the current picture block, and
h represents a height of the current picture block.

11. The method according to any one of claims 1 to 10, wherein the motion vectors of

the W control points are predicted based on a motion vector, whose precision is 1/n of the
pixel precision, of an encoded picture block or a decoded picture block that surrounds the
current picture block.

12. The method according to any one of claims 1 to 11, wherein the picture prediction
method is applied to a video coding process or applied to avideo decoding process.

13. A picture prediction apparatus, comprising:
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afirst determining unit, configured to determine motion vectors of W control pointsin a
current picture block;

a calculation unit, configured to obtain, by means of calculation, motion vectors of P
pixel units of the current picture block by using a motion model and the motion vectors of the
W control points, wherein precision of the determined motion vectors of the W control points
iIs 1/n of pixel precision, precision of the motion vector that is obtained by means of
calculation and that is of each of the P pixel unitsis 1/N of the pixel precision, the P pixel
units are some or al of pixel units of the current picture block, the motion vector of each of
the P pixel units is used to determine a corresponding reference pixel unit, in a reference
picture, of a corresponding pixel unit, W, n, and N are integers greater than 1, N is greater
than n, and Pis a positive integer; and

an interpolation filtering unit, configured to perform interpolation filtering on a pixel of
the corresponding reference pixel unit, in the reference picture, of each of the P pixel units by
using an interpolation filter with a phase of Q, to obtain a predicted pixel value of each of the
P pixel units, wherein Q is an integer greater than n.

14. The picture prediction apparatus according to clam 13, wherein a value of N is a
preset fixed value, and Q islessthan or equal to N.

15. The picture prediction apparatus according to claim 13 or 14, wherein a horizontal
component or a vertica component of one of the motion vectors of the W control points is
amplified N times in the motion model by using N, or a component difference between
motion vectors of any two of the W control points is amplified N times in the motion model
by using N.

16. The picture prediction apparatus according to any one of claims 13 to 15, wherein

the interpolation filtering unit is specifically configured to: obtain, by means of
calculation, a phase of each of the P pixel units by using the motion vector of each of the P
pixel units; determine, based on the phase of each pixel unit, the interpolation filter with the
phase of Q that is corresponding to the corresponding pixel unit, wherein a filter coefficient
used by the interpolation filter is corresponding to the phase; and perform interpolation
filtering on the pixel of the corresponding reference pixel unit, in the reference picture, of

each pixel unit by using the determined interpolation filter with the phase of Q that is
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corresponding to the corresponding pixel unit.

17. The picture prediction apparatus according to claim 16, wherein

in an aspect of obtaining, by means of calculation, a phase of each of the P pixel units by
using the motion vector of each of the P pixel units, the interpolation filtering unit is
specifically configured to obtain, by means of calculation, the phase of each of the P pixel
units according to the following formula by using the motion vector of each of the P pixel
units:

X' = abs (v, )%N, or X'= v, & (1 < M) —1);

Y'=abs(vy,)%N, orY'=v,, & (1 < M) -1); o

M isequal tologoN when N is an integral power of 2, X' represents a horizontal phase of

a pixel unit with coordinates of (x, y) in the current picture block, Y' represents a vertical
phase of the pixel unit with the coordinates of (x, y) in the current picture block, V

represents a horizontal component of a motion vector, whose precision is /N of the pixel

precision, of the pixel unit with the coordinates of (X, y) in the current picture block, and
Vyy represents a vertical component of the motion vector, whose precision is 1/N of the

pixel precision, of the pixel unit with the coordinates of (x, y) in the current picture block.

18. The picture prediction apparatus according to clam 16 or 17, wherein the phase
comprises a horizontal phase and a vertical phase; and

in an aspect of determining, based on the phase of each pixel unit, the interpolation filter
with the phase of Q that is corresponding to the corresponding pixel unit, the interpolation
filtering unit is specifically configured to: determine, based on the horizontal phase of each
pixel unit, a horizontal interpolation filter with a phase of Q that is corresponding to the
corresponding pixel unit; and determine, based on the vertical phase of each pixel unit, a
vertical interpolation filter with a phase of Q that is corresponding to the corresponding pixel
unit, wherein afilter coefficient used by the horizontal interpolation filter is corresponding to
the horizontal phase, and a filter coefficient used by the vertical interpolation filter is
corresponding to the vertical phase.

19. The picture prediction apparatus according to claim 18, wherein in an aspect of

performing interpolation filtering on the pixel of the corresponding reference pixel unit, in the
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reference picture, of each pixel unit by using the determined interpolation filter with the phase
of Q that is corresponding to the corresponding pixel unit, the interpolation filtering unit is
specifically configured to:

perform horizontal interpolation filtering on a pixel of a corresponding reference pixel
unit, in the reference picture, of a pixel unit i by using a determined horizontal interpolation
filter with a phase of Q that is corresponding to the pixel unit i, to obtain a horizonta
interpolation filtering result; and perform vertical interpolation filtering on the horizontal
interpolation filtering result by using a determined vertical interpolation filter with a phase of
Q that is corresponding to the pixel unit i, to obtain a predicted pixel value of the pixel unit i,
wherein the pixel unit i isany one of the P pixel units; or

perform vertical interpolation filtering on a pixel of a corresponding reference pixel unit,
in the reference picture, of a pixel unit j by using a determined vertical interpolation filter
with a phase of Q that is corresponding to the pixel unit j, to obtain a vertical interpolation
filtering result; and perform horizontal interpolation filtering on the horizontal interpolation
filtering result by using a determined horizontal interpolation filter with a phase of Q that is
corresponding to the pixel unit j, to obtain a predicted pixel value of the pixel unit j, wherein
the pixel unit j isany one of the P pixel units.

20. The picture prediction apparatus according to any one of claims 13 to 19, wherein the
motion model is a translational motion model, an affine motion model, a rotational motion
model, a zooming motion model, a parabolic motion model, a shearing motion model, a
perspective motion model, or a bilinear motion model.

21. The picture prediction apparatus according to any one of claims 13 to 20, wherein the
motion model is represented as follows when W is equal to 2:

(le _V0x) X N X — (Vly _VOy) X N

V,, = +Nv,. )/n
Nx ( L L y Ox)
V,, —V,, ) x N -
Vi :(( by ~ Vo) x4 (o = Vo) <N y+Nv, )/n
Y L L Y or
_ (Vi = Vo) x (N /) X— (Vly _VOV)X(N /n) y+(N/n)v,,

Nx L L
V. —V N/n -
" _ ( 1y Oyl)_x( ) X+ (le VOXI)_X(N/n) y+(N/n)V0y .
, Wherein
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L represents a width or a height of the current picture block, (Vox,Vp,) and (Vi Vi)

represent motion vectors, whose precision is 1/n of the pixel precision, of two control points,

Vx represents a horizontal component of a motion vector, whose precision is N of the
pixel precision, of a pixel unit with coordinates of (X, y) in the current picture block, and

5 Vy, represents a vertica component of the motion vector, whose precision is /N of the

pixel precision, of the pixel unit with the coordinates of (x, y) in the current picture block.
22. The picture prediction apparatus according to any one of claims 13 to 20, wherein the

motion model is represented as follows when W is equal to 3:

-

_ N — N
Vy, = ((le VOx) X X + (V2X \;?X) i y+ NV0x)/n
W
<
V,, —V,,)x N V,, —Vo,) % N
Vy, = (M = Voy) x+( 2y ~Voy) y+Nvp,)/n
K W L or
. (le—VOXV)vx(N/n) ", (vzx—VOXr)IX(N/n) y+ (NI,
\ = (Vly _Voy)X(N/n) X+ (V2y _VOY)X(N/n) y+(N/n)v,
W h ’ '
10 , Wherein

Vux represents a horizontal component of a motion vector, whose precision is /N of

the pixel precision, of a pixel unit with coordinates of (x, y) in the current picture block,

Vyy represents a vertica component of the motion vector, whose precision is /N of the

pixel precision, of the pixel unit with the coordinates of (X, y) in the current picture block,

15 (VouVoy), (VM) , and (V,,Vs,) represent motion vectors, whose precision is 1/n of the

pixel precision, of three control points, w represents a width of the current picture block, and
h represents a height of the current picture block.
23. The picture prediction apparatus according to any one of claims 13 to 22, wherein the
motion vectors of the W control points are predicted based on a motion vector, whose
20 precision is 1/n of the pixel precision, of an encoded picture block or a decoded picture block
that surrounds the current picture block.

24. The picture prediction apparatus according to any one of claims 13 to 23, wherein the
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picture prediction apparatus is applied to a video encoding apparatus, or the picture prediction
apparatus is applied to a video decoding apparatus.

25. A picture prediction apparatus, comprising a memory and a processor, wherein

the processor is configured to: determine motion vectors of W control points in a current
picture block; obtain, by means of calculation, motion vectors of P pixel units of the current
picture block by using a motion model and the motion vectors of the W control points,
wherein precision of the determined motion vectors of the W control points is 1/n of pixel
precision, precision of the motion vector that is obtained by means of calculation and that is
of each of the P pixel unitsis 1/N of the pixel precision, the P pixel units are some or all of
pixel units of the current picture block, the motion vector of each of the P pixel unitsis used
to determine a corresponding reference pixel unit, in a reference picture, of a corresponding
pixel unit, W, n, and N are integers greater than 1, N is greater than n, and P is a positive
integer; and perform interpolation filtering on a pixel of the corresponding reference pixel
unit, in the reference picture, of each of the P pixel units by using an interpolation filter with a
phase of Q, to obtain a predicted pixel value of each of the P pixel units, wherein Q is an
integer greater than n.

26. The picture prediction apparatus according to claim 25, wherein a value of N is a
preset fixed value, and Q isless than or equal to N.

27. The picture prediction apparatus according to claim 25 or 26, wherein a horizontal
component or a vertical component of one of the motion vectors of the W control points is
amplified N times in the motion model by using N, or a component difference between
motion vectors of any two of the W control points is amplified N times in the motion model
by using N.

28. The picture prediction apparatus according to any one of claims 25 to 27, wherein the
processor is configured to: obtain, by means of calculation, a phase of each of the P pixel
units by using the motion vector of each of the P pixel units; determine, based on the phase of
each pixel unit, the interpolation filter with the phase of Q that is corresponding to the
corresponding pixel unit, wherein a filter coefficient used by the interpolation filter is
corresponding to the phase; and perform interpolation filtering on the pixel of the

corresponding reference pixel unit, in the reference picture, of each pixel unit by using the
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determined interpolation filter with the phase of Q that is corresponding to the corresponding
pixel unit.

29. The picture prediction apparatus according to claim 28, wherein

in an aspect of obtaining, by means of calculation, a phase of each of the P pixel units by
using the motion vector of each of the P pixel units, the processor is configured to obtain, by
means of calculation, the phase of each of the P pixel units according to the following formula
by using the motion vector of each of the P pixel units:

X' = abs (v, )%N, or X'= v, & (1 < M) —1);

Y'=abs(vy,)%N, orY'=v,, & (1 < M) -1); o

M isequal tologoN when N is an integral power of 2, X' represents a horizontal phase of

a pixel unit with coordinates of (x, y) in the current picture block, Y' represents a vertical

phase of the pixel unit with the coordinates of (X, y) in the current picture block, Vi
represents a horizontal component of a motion vector, whose precision is /N of the pixel

precision, of the pixel unit with the coordinates of (X, y) in the current picture block, and

\ . . L
NY  represents a vertical component of the motion vector, whose precision is 1/N of the

pixel precision, of the pixel unit with the coordinates of (x, y) in the current picture block.

30. The picture prediction apparatus according to claim 28 or 29, wherein the phase
comprises a horizontal phase and a vertical phase; and

in an aspect of determining, based on the phase of each pixel unit, the interpolation filter
with the phase of Q that is corresponding to the corresponding pixel unit, the processor is
configured to: determine, based on the horizontal phase of each pixel unit, a horizontal
interpolation filter with a phase of Q that is corresponding to the corresponding pixel unit; and
determine, based on the vertical phase of each pixel unit, a vertical interpolation filter with a
phase of Q that is corresponding to the corresponding pixel unit, wherein a filter coefficient
used by the horizontal interpolation filter is corresponding to the horizontal phase, and afilter
coefficient used by the vertical interpolation filter is corresponding to the vertical phase.

31. The picture prediction apparatus according to clam 30, wherein in an aspect of
performing interpolation filtering on the pixel of the corresponding reference pixel unit, in the

reference picture, of each pixel unit by using the determined interpolation filter with the phase
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of Q that is corresponding to the corresponding pixel unit, the processor is specifically
configured to: perform horizontal interpolation filtering on a pixel of a corresponding
reference pixe unit, in the reference picture, of a pixel unit i by using a determined horizontal
interpolation filter with a phase of Q that is corresponding to the pixel unit i, to obtain a
horizontal interpolation filtering result; and perform vertical interpolation filtering on the
horizontal interpolation filtering result by using a determined vertical interpolation filter with
a phase of Q that is corresponding to the pixel unit i, to obtain a predicted pixel value of the
pixel unit i, wherein the pixel unit i isany one of the P pixel units; or

the processor is specifically configured to: perform vertical interpolation filtering on a
pixel of a corresponding reference pixel unit, in the reference picture, of apixel unit j by using
a determined vertical interpolation filter with a phase of Q that is corresponding to the pixel
unit j, to obtain a vertical interpolation filtering result; and perform horizontal interpolation
filtering on the horizonta interpolation filtering result by using a determined horizontal
interpolation filter with a phase of Q that is corresponding to the pixel unit j, to obtain a
predicted pixel value of the pixel unit j, wherein the pixel unit j isany one of the P pixel units.

32. The picture prediction apparatus according to any one of claims 25 to 31, wherein the
motion model is a translational motion model, an affine motion model, a rotational motion
model, a zooming motion model, a parabolic motion model, a shearing motion model, a
perspective motion model, or a bilinear motion model.

33. The picture prediction apparatus according to any one of claims 25 to 32, wherein the

motion model is represented as follows when W is equal to 2:

B vV, —V..)xN
VNXZ((V]-X VLOX)XN X_( = Ey) y—i_NVOx)/n
V, —V.. )x N -
Viy = (( = EV) X+ (s VCX)X - y+ NVOy) In
or
3 - N/
Nx — (le VOXI)_X (N / n) X— (Vly Vosz( n) y+ (N / n)VOX
_ (Vly_voy)X(N/n) X + (le_VOX)X(N/n) y+(N/n)V
Ny L L ” |
, Wherein

L represents a width or a height of the current picture block, (VOX’VOV) and (le’vly)

represent motion vectors, whose precision is 1/n of the pixel precision, of two control points,
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Vi represents a horizontal component of a motion vector, whose precision is 1/N of the

pixel precision, of a pixel unit with coordinates of (x, y) in the current picture block, and

\ . . L
NY  represents a vertical component of the motion vector, whose precision is 1/N of the
pixel precision, of the pixel unit with the coordinates of (x, y) in the current picture block.
5 34. The picture prediction apparatus according to any one of claims 25 to 32, wherein the

motion model is represented as follows when W is equal to 3:

-

VNX :((le _VOX)X N X 4 (V2X _\I{?X)X N y-l- NVOX)/n
w
<
(Vy, —Voy ) XN (V,, —Vp,)x N
w = (2 vi)/y X+ — r:)y y+Nvg,)/n
( ; or
vy, = (le —VOXV)VX(N/n) o (V2x _VOxr)]X(N/n) y+(N/n)VOx
\ = (Viy = Vo, ) x (N /1) X+ (V) — Vo, ) x (N/n) y+(N/n)v,
W h ' i
, Wherein

Vi represents a horizontal component of a motion vector, whose precision is /N of

V
10 thepixel precision, of apixel unit with coordinates of (x, y) in the current picture block, ~ NY

represents a vertica component of the motion vector, whose precision is 1/N of the pixel

precision, of the pixel unit with the coordinates of (x, y) in the current picture block,

V.,V V,,V v,V . L
(o, Oy), (Vo 1V), and (Voo Vay ) represent motion vectors, whose precision is 1/n of the

pixel precision, of three control points, w represents a width of the current picture block, and
15 hrepresents a height of the current picture block.

35. The picture prediction apparatus according to any one of claims 25 to 34, wherein the
motion vectors of the W control points are predicted based on a motion vector, whose
precision is 1/n of the pixel precision, of an encoded picture block or a decoded picture block
that surrounds the current picture block.

20 36. The picture prediction apparatus according to any one of claims 25 to 35, wherein the
picture prediction apparatus is applied to a video encoding apparatus, or the picture prediction
apparatus is applied to a video decoding apparatus.
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