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(57) Abstract: The present invention relates to a video coder for predictive coding a video stream of subsequent frames according to
motion compensation into an encoded video bit stream, comprising a frame buffer (207) adapted to store at least one reference frame
of the video stream, said reference frame being different from a current frame of the video stream, an inter prediction unit (210) ad -
apted to generate a prediction block of a current block of the current frame from a reference block of the reference frame, and an ad -
aptive sharpening filter (211) configured to adaptively filter the prediction block.
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APPARATUS AND METHOD FOR VIDEO MOTION COMPENSATION

TECHNICAL FIELD

The present invention generally relates to the field of video processing and to
an apparatus for video motion compensation, and specifically relates to a video coder
and to a video decoder for supporting motion compensation to predict frames in a
video. The present invention relates further to a method for coding and to a method for
decoding a video stream using motion compensation. Finally, the present invention
relates to a cbr_nputer program having a program code for performing such a method.

BACKGROUND |

In the field of video processing, and in particular in the field of hybrid video
coding and compression, it is known to use inter and intra prediction as well as
transform coding. Such hybrid video coding technologies are used in known video
compression standards like H.261, H.263, MPEG-1, 2, 4, H.264/AVC or H.265/HEVC.

Fig. 1 shows a video coder according to the state of the art. The video coder
100 comprises an input for receiving input blocks of frames or pictures of a video
stream and an output for generating an encoded video bit stream. The video coder 100
is adapted to apply prediction, transformation, quantization, and entropy coding to the
video stream. The transformation, quantization, and entropy coding are carried out
respectively by a transform unit 101, a quan;tization unit 102 and an entropy encodihg
unit 103 So as to generate as an output the encoded video bit stream.

The video stream corresponds to a plurality of frames, wherein each frame is
divided into blocks of a certain size that are either intra or inter coded. The blocks of
for example the first frame of the video stream are intra coded by means of an intra
prediction unit 109. An intré frame is coded using only the information within the
same frame, so that it can be independently decoded and it can provide an entry point
in the bit stream for random access. Blocks of other frames of the video stream are
inter coded by means of an inter prediction unit 110: information from coded frames,
which are called reference frames, are used to reduce the temporal redundancy, so that
each block of an inter coded frame is predicted from a block of the same size in a
reference frame. A mode selection unit 108 is adapted to select whether a block of a
frame is to be processed by thé intra prediction unit 109 or the inter prediction unit
110.
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For performing inter prediction, the coded reference frames are processed by an
inverse quantization unit 104, an inverse transform unit 105, a loop filtering unit 106
so as to obtain the reference frames that are then stored in a frame buffer 107.
Particularly, reference blocks of the reference frame can be processed by these units to
obtain reconstructed reference blocks. The reconstructed reference blocks are then
recombined into the reference frame. | _

The inter prediction unit 110 comprises as input a current frame or picture to be
inter coded and one or several referenceframes or pictures from the frame buffer 107.
Motion estimation and motion compensation are-applied by the inter prediction unit
110. The motion estimation is used to obtain a motion vector and a reference frame
based on certain cost function. The motion compensation then describes a current
block of the current frame in terms of the transformation of a reference block of the
reference frame to the current frame. The inter prediction unit 110 outputs a prediction -
block for the current block, wherein said prediction block minimizes the difference
between the current block to be coded and its prediction block, i.e. minimizes the
residual block. The minimization of the residual block is based e.g. on a rate-distortion
optimization procedure.

The difference between the current block and its prediction, i.e. the residual
block, is ‘then transformed by the transform unit 101. The transform coefficients are
quantized and entropy coded by the quantization unit 102 and the entropy encoding
unit 103. The thus generated encoded video bit stream comprises intra coded blocks
and inter coded blocks. | |

Such a hybrid video coding comprises motion-compensated prediction
combined with transform coding of the prediction error. For each block, the estimated
motion vector is also transmitted as signalling data in the encoded video bit stream.
Today’s standards H.264/AVC and H.265/HEVC are based on Y4 pel displacement
resolution for the motion vector. In order to estimate and compensate the fractional-pel
displacements, the reference frame has to be interpolated on the fractional-pel
positions. To obtain such an interpolated frame on the fractional-pel positions, an
interpolation filter is used in the inter prediction unit 110 '

The quality of the interpolated frame strongly depends on the properties of the
used interpolation filter. Short-tap filters, e.g. bilinear filters, may suppress high
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frequencies and render the interpolated frame blurred. Other filters like long-tap filters
may preserve high frequencies but generate some ringing artifacts in the
neighbourhood of sharp edges. Another problem is that the motion compensation
makes use of a previously encoded and reconstructed frame as a reference frame: the
reference frame may contain artifacts caused by quantization of transform coefficient,
which is referred to as Gibbs effect. Because of these artifacts, the edges as well as the
area around the edges may also be distorted.

Is it known in the prior art that the quality of the edges may be increased by
applying a sharpening or de-blurring post-filter to the decoded frame. The problem of
such post-filtering design is that the sharpening filter is not included in to encoding
process. Thus the effect of the sharpening filter cannot be taken into account during the
rate-distortion optimization procedure. This may lead to reduced objective quality
metrics, like the peak signal-to-noise-ratio (PSNR).

To increase the objective quality, it is also known in the prior art to include a
sharpening filter into the loop filtering unit 106. Accordingly, the sharpening filter is
applied to the reconstructed reference frame and may improve motion-compensated
prediction by removing compression artifacts in the reference frame. However such a
loop filtering technique cannot remove artifacts caused by the motion interpolation
filter.

SUMMARY

Having recognized the above-mentioned disadvantages and problems, the
present invention aims to improve the state of the art. In particular, the object of the
present invention is to provide a video coder, a coding method, a video decoder, and a
decoding method for an improved cbding and decoding of a video stream of
subsequent frames.

The present invention particularly intends to improve the quality of the inter
predictive coding. Particularly, the invention intends to remove artifacts caused by the
motion estimation and motion compensation. Specifically it is the aim of the present
invention to reduce negative effects of the motion interpolation filter, i.e. to reduce
negative effects of the interpolation of the reference frame on fractional-pel positions
as well as improving quality of prediction by reducing quantization artefacts of

reference frame.
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The above-mentioned object of the present invention is achieved by the
solution pfovided in the enclosed independent claims. Advantageous implementations
of the present invention are further defined in the respective dependent claims.

A first aspect of the present invention provides a video coder for predictive
coding a video stream of subsequent frames according to motion compensation into an
encoded video bit stream. The video coder comprises a frame buffer adapted to store at
least one reference frame of the video stream, said reference frame being different
from a current frame of the video stream. The video coder comprises an inter
prediction unit adapted to generate a prediction block of a current block of the current
frame from a reference block of the reference frame. The video coder comprises an
adaptive sharpening filter configured to adaptively filter the prediction block.

Thereby, applying the adaptive sharpening filter to the prediction block
improves the quality of the inter predictive coding in that it removes or at least reduces
the ringing artifacts caused by the interpolation of the reference frame/block on
fractional-pel positions, ie. caused by the motion interpolation filter, while
advantageously keeping quality interpolated edges. It also removes or at least reduces -
the ringing artifacts, also referred to as Gibbs effect, caused by the quantization of
transform coefficients in the reference block. It further on reduces the blurring of edges
caused by the quantization and motion interpolation, and also reduces the blurring of
edges caused by motion blur. Additionally, the present invention increases the
subjective quality of edges in the reconstructed frame/block.

Thereby, the placement of the sharpening filter according to the invention after
the motion interpolation filter, i.e. after the inter prediction unit, causes the sharpening
filter to carry out the task of the in-loop reference filters, i.e. of the loop filtering unit,
while at the same time the artifacts caused by motion interpolation filtering can be
removed or at least reduced. Also, the use of an adaptive sharpening filter makes it
possible to adapt to local features of the video content and particularly of the
prediction block, so that the coding of even small blocks only requires a reduced
signalling overhead for the transmission to a decoder.

In an implementation form of the video coder according to the first aspect, the
video coder comprises a control unit. The adaptive sharpening filter is configured to be

controlled by at least one adaptive parameter. The control unit is configured to
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determine a parameter value of the adaptive parameter and supply the determined
parameter value to the adaptive sharpening filter. _

Thereby, the prediction block is filtered by a sharpening filter that can be
adapted to the specific content of the video. The adaptation can take account of local
features of the video content and the required signalling overhead can be limited due to
using of parametric representation of adaptive sharpening filter with only one
coefficient for adaptation and transmission. Particularly, the size of the blocks used for
predictive coding can be reduced without at the same time‘increasing the signalling
overhead. |

In a further impleméntation form bf the video coder according to the first
aspect, the control unit is configured to supply different parameter values for the
adaptive parameter and to select one of the different parameter‘ values based on a
minimization of a residual block, said residual block being the difference between the
current block and the prediction block, or based on a cost criterion such as, for
example, a rate distortion optimization.

Thereby, the motion compensation can be further improved. The residual
blocks obtained for different values of the at least one adaptive parameter can be
compared. By selecting the prediction block that minimizes the residual block or that
minimizes a cost criterion, the motion compensation can be improved. The parameter
value corresponding to the selected prediction block is then selected from among the
different parameter values so as to improve the motion compensation.

In a further implementation form of the video coder according to the first
aspect, the sharpening filter is a non-linear filter.

Thereby, that usage of such a non-linear sharpening filter is preferable for
métion prediction enhancement. Traditional edge enhancement techniques based on
linear sharpening or de-blurring filters, like unsharp masking techniques, may increase
subjective quality but cannot suppress the ringing artifacts caused by motion
interpolation filtering. It has also been discovered that in most cases, such linear
sharpening even may increase ringing and reduce the objective performance
characteristics. On the other, non-linear filters can provide better results for ringing
elimination and are thus advantageous. Also, the use of a non-linear design for the

sharpening filter, i.e. for the adaptive sharpening filter, can advantageously reduce the
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number of adaptive parameters and thus the signalling overhead.

In a further implementation form of the video coder according to the first
aspect, the sharpening filter comprises an edge map calculation unit adapted to
generate an edge map of a source block, said source block being the reference block or
the prediction block. The sharpening filter comprises a blurring filter adapted to blur
the edge map of the source block. The sharpening filter comprises a high-pass filter
addpted to generate, by high-pass filtering the blurred edge map, a derivative vector for
each position of the source block. The sharpening filter comprises a scaling unit
adapted to generate a displacement vector by scaling the derivative vector with a
sharpening strength coefficient. The sharpening filter comprises a warping unit adapted
to warp the prediction block based on the displacement vector. The adaptive parameter
includes the sharpening strength coefficient.

Thereby, this structure of the sharpening filter defines a non-linear sharpening
filter that advantageously can provide better results in terms of elimination of ringing
artifacts. Also, the use of the sharpening strength coefficient as adaptive parameter
implies that only one adaptive parameter is required, which further reduces the
signalling overhead.

In a further implementation form of the video coder according to the first
aspect, the sharpening filter is always enabled.

In a further implementation form of the video coder according to the first
aspect, the video coder comprises a control unit configured to control at least one of a
selective bypass of the adaptive sharpening filter and a selective application of the
adaptive sharpening filter. '

| Thereby, a decision can be taken by the control unit to apply or bypass the
sharpening filter. The decision can then be adapted to each particular case, for example
to the particular video stream to be encoded. Also, the sharpening filter can be
bypassed to save computational resources in the video coder. On the other hand, the
sharpening filter can be applied if the priority shall be given to the improvement of the
interpolation quality and the reduction of artifacts.

In a further implementation form of the video coder according to the first
aspect, the control unit is adapted to control the at least one of the selective bypass and

the selective application depending on a cost function to minimize a residual block.
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Said residual block may be the difference between the current block and the prediction
block. The cost function may be, for example, based on the rate distortion
optimization. |

Thereby, the possibility of bypassing or applying the sharpening filter can be
further used to improve the motion compensation. The two residual blocks derived
respectively from the prediction block outputted by the inter prediction unit and from
the prediction block outputted by the sharpening filter can be compared in terms of the
cost function. By choosing the prediction block that minimized the residual block and
by correspondingly applying or bypassing the sharpening filter, the quantity of data
and for example the quantity of transform coefficients to be encoded can be reduced.

In a further implementation form of the video coder according to the first
aspect, the video coder comprises an encoding unit adapted to generate the encoded
video bit stream. The control unit is adapted to transmit to the encoding unit
sharpening filter information reflecting the at least one of the selective bypass and the
selective application of the sharpening filter. The encoding unit is adapted to add the
sharpening filter information in the encoded video bit stream. '

Thereby, when decoding the encoded video bit stream, it is possible to obtain
this sharpening filter information and to accordingly apply or bypass the sharpening
filter on the decoder side, so as to guarantee a correct decoding.

In a further implementation form of the video coder according to the first
aspect, the adaptive parameter information or the sharpening filter information is
added at a block level for each prediction block, for an arbitrary or regular region of
the frame, at a frame level, at a GOP (group of pictures) level, at a PPS (picture
parameter set) level or at an SPS (sequence parameter set) level.

Thereby, it is possible to set the sharpening filter information to a desired
granularity so that the signalling can be optimized.

In a further implementation form of the video coder according to the first
aspect, thé adaptive sharpening filter comprises a single adaptive parameter.

Thereby, the signalling overhead that is required for the adaptation and that is
transmitted to a decoded can be further reduced. '

A second aspect of the present invention provides a method for predictive

coding a video stream of subsequent frames according to motion compensation into an
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encoded video bit stream. The method comprises storing at least one reference frame
of the video stream, said reference frame being different from a current frame of the
video stream. The method comprises generating a prediction block of a current block
of the current frame from a reference block of the reference frame. The method
comprises adaptively filtering the prediction block.

Further features or implementations of the method according to the second
aspect of the invention can perform the functionality of the video coder according to
the first aspect of the invention and its different implementation forms.. |

A third aspect of the present invention provides a video decoder for decoding
an encoded video bit stream obtained by predictive coding a video stream of
subsequent frames according to motion compensation. The video decoder comprises a
frame buffer adapted to store at least one reference frame obtained from the encoded
video bit stream, said reference frame being different from a current frame of the
encoded video bit stream. The video decoder comprises an inter prediction unit

adapted to generate a prediction block of a current block of the current frame from a

reference block of the reference frame. The video decoder comprises an adaptive

sharpening filter adapted to adaptively filter the prediction block.

Thereby, the advantages obtained with respect to the video coder according to
the first aspect are also given with respect to the video decoder according to the third
aspect. _

In an implementation form of the video decoder according to the third aspect,
the video decoder comprises a control unit. The adaptive sharpening filter is
configured to be controlled by at least one adaptive parameter. The control unit is
configured to determine a parameter value of the adaptive parameter and to supply the
determined parameter value to the adaptive sharpening filter.

Thereby, the sharpening filter can be advantageously adapted by means of the
at least one adaptive parameter. '

In an implementation form of the video decoder according to the third aspect,
the control unit is configured to determine the parameter value of the adaptive
parameter depending on adaptive parameter information obtained from the encoded
video bit stream.

Thereby, the adaptive parameter can be obtained from the encoded video bit
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stream generated by video coder. It can thus be ensured that both the video coder and
the video decoder carry out the same adaptation of the sharpening filter and that the
video obtained by the video decoder corresponds to the video encoded by the video
coder.

In an implementation form of the video decoder according to the third aspect,
the video decoder comprises a control unit adapted to control at least one of a selective
bypass of the adaptive sharpening filter and a selective application of the adaptive
sharpening filter.

Thereby, the decision to use or not the sharpening filer unit can be adapted to
each particular case. Also, the sharpening filter can be bypassed to save computational
resources in the video coder and the video decoder. On the other hand, the sharpening
filter can be applied if the priority shall be given to the improvement of the
interpolation quality and the reduction of artifacts.

In an implementation form of the video decoder according to the third aspect,
the control unit is adapted to control the at least one Qf the selective bypass and the
selective application based on sharpening filter information obtained from the encoded
video bit stream.

Thereby, the video decoder can be adapted to the video coder that may
advantageously add in the encoded video bit stream such sharpening filter information
that reflects the switching on or off of the sharpening filter on the video coder side.

Further features or implementations of the video coder according to the first
aspect of the invention, particularly regarding the sharpening filter and its structure, are
also applicable to the video decoder according to the third aspect of the invention.

A fourth aspect of the present invention provides a method for decoding an
encoded video bit stream obtained by predictive coding a video stream of subsequent
frames according to motion compensation. The method comprises storing at least one
reference frame obtained from the encoded video bit stream, said reference frame
being different from a current frame of the encoded video bit stream. The method
comprises generating a prediction block of a current block of the current frame from a
reference block of the reference frame. The method comprises adaptively filtering the
prediction block.

Further features or implementations of the method according to the fourth
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aspect of the invention can perform the functionality of the video decoder according to
the third aspect of the invention and its different implementation forms.

A fifth aspect of the present invention provides a computer program having a
program code for performing such a coding and/or decoding method when the
computer program runs on a computing device.

The invention proposes a motion compensation improvement by applying an
adaptive sharpening filter to the motion prediction signal i.e. to the prediction blocks.
It is proposed to improve the motion compensation by reducing ringing artifacts and
increasing the sharpness of edges in motion prediction blocks. It is proposed to apply
the sharpening filter as a prediction filter placed both in the encoder and the decoder
for motion compensation enhancement. A\non-linear sharpening prediction filter can
be used for motion compensation improvement.

It has to be noted that all devices, elements, units and means described in the
present application could be implemented in the software or hardware elements or any
kind of combination thereof. All steps which are performed by the various entities
described in the present application as well as the functionalities described to be
performed by the various entities are intended to mean that the respective entity‘ is
adapted to or configured to perform the respective steps and functionalities. Even if, in
the following description of specific embodiments, a specific functionality or step to |
be full formed by eternal entities not reflected in the description of a specific detailed
element of that entity which performs that specific step or functionality, it should be
clear for a skilled person that these methods and functionalities can be implemented in
respective software or hardware elements, or any kind of combination thereof.

BRIEF DESCRIPTION OF DRAWINGS

The above aspects and implementation forms of the present invention will be
explained in the following description of specific embodiments in relation to the
enclosed drawings, in which | |

Fig. 1 shows a video coder according to the state of the art,

Fig. 2 shows a video coder according to an embodiment of the present
invention,

Fig. 3 shows a video decoder according to an embodiment of the present

invention,
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Fig. 4 shows an embodiment of a sharpening filter according to the present
invention, '

Fig. 5 shows a video coding method according to an embodiment of the present
invention, |

Fig. 6 shows a video decoding method according to an embodiment of the
present invention,

Fig. 7 shows a sharpening adaptation accordihg to an embodiment of the
present inifention, and - '

Fig. 8 shows possible embodiments for the sharpening adaptation shown in Fig.

DETAILED DESCRIPTION OF EMBODIMENTS

Fig. 2 shows a video coder according to an embodiment of the present
invention, and particularly a video coder 200 for predictive coding a video stream of
subsequent frames according to motion compensation into an encoded video bit
stream.

The video coder 200 comprises particularly a frame buffer 207, an inter
prediction unit 210, and a sharpening filter 211.

The frame buffer 207 is adapted to store at least one reference frame or picture
of the video stream. Said reference frame is different from a current frame of the video
stream. Particularly and in the context of the inventioh, the current frame is a frame of
the video stream that is currently encoded, while the reference frame is a frame of the
video stream that has already been encoded. In the followings, any reference to the
feature “frame” may be replaced by a reference to the feature “picture”.

The inter prediction unit 210 is adapted to generate a prediction block of a
current block of the current frame from a reference block of the reference framé. The
reference frame is preferably the reference frame stored in the frame buffer 207, while
the current block preferably corresponds to the input of the video coder 200 referred to

as video block in Fig. 2. Particularly, the current frame is encoded using an inter

coding technique, i.e. the current frame is predicted from the at least one reference

frame that is distinct from the current frame. The reference frame can be a previous
frame, i.e. a frame that is located prior to the current frame within the video stream of

subsequent frames. Alternatively if forward prediction is used, the reference frame can
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be a future frame, i.e. a frame that is located after the current frame. In case of a
plurality of reference frames, at least one can be such a previous frame and at least one
of them can be such a future frame. A reference frame can be intra coded, i.e. can be
coded without using any further frame and without any dependence on other frames, so
that it can be independently decoded and it can serve as entry point for random video
access.

Particularly, the inter prediction unit 210 is adapted to perform motion
estimation by generating a motion vector and estimating motion between the reference
block of the reference frame and the current block of the current frame. Said motion
estimation is performed during encoding to find the motion vector pointing to the best'
reference block in the reference frame based on certain cost function being, for
example, the rate-distortion optimization. Beside the motion estimation, the inter
prediction unit 210 is further adapted to perform motion compensation by generating
the prediction block for the current block on the basis of the motion vector and the
reference block.

Particularly, the motion prediction comprises a motion estimation unit and a
motion compensation unit. The motion vector is generated by using a motion
estimation unit. The reference block and the current block are preferably a respective.
area or sub-area of the reference frame and the current frame. Such a block may have a
regular shape, like e.g. a rectangular shape, or an irregular shape. Alternatively, the
blocks can have the same size as the frames. Both the current block and the reference
block have the same size. The size of the blocks can be defined by means of block
mode information transmitted as side information or signalling data to the decoder. A
block can correspond to a coding unit that is a basic coding structure of the video
sequence of a pre-defined size, containing a part of a frame, e.g. 64x64 pixels.

The prediction block is generated for the current block in view of the reference
block. Particularly, a plurality of prediction blocks can be generated for a plurality of
current blocks of the current frame in view of a plurality of reference blocks. These
reference blocks can be part of a single reference frame or can be selected from
different reference frames. Several prediction blocks can be generated for the current
frame, and the prediction blocks generated for the current frame can be combined to

obtain a prediction frame of the current frame.
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The sharpening filter 211 is an adaptive sharpening filter that is configured to
adaptively filter the prediction block. The sharpening filter 211 is thus applied to the
prediction block generated by the inter prediction unit 210. The sharpening filter 211
proposed by the invention is added after the inter prediction unit 210 so as to enhance
the prediction block obtained by the inter prediction, i.e. obtained by the motion
prediction comprising the motion estimation and the motion compensation. The
sharpening filter 211 is thus adapted to generate a sharpened prediction block.

The video coder 200 advantageously comprises a control unit 212, and the
adaptive sharpening filter 211 utilizes (i.e., is configured to be controlled by) at least
one adaptive parameter. The control unit 212 is configured to determine a parameter
value of the adaptive parameter and supply the determined parameter value to the
adaptive sharpening filter 211.

Preferably, the adaptive sharpening filter 211 utilizes only one adéptive
parameter, values of which being set by the control unit 212. |

The control unit 212 may be configured to determine the parameter value by
supplying different parameter values for the adaptive parameter and selecting one of
the different parameter values based on a minimization of a residual block, said

residual block being the difference between the current block and the prediction block,

‘or based on a cost criterion that is for example a rate distortion optimization.

The video coder 200 advantageously comprises an encoding unit 203
configured to generate the encoded video bit stream. The control unit 212 is configured
to transmit to the encoding unit 203 adaptive parameter information about the
determined parameter value. The encoding unit 203 is configured to add the adaptive
parameter information in the encoded video bit stream. This means that, once the
control unit 212 has set the adaptive parameter to a given value or the adaptive
parameters to respective given values, said control unit 212 transmits the given
value(s) to the encoding unit 203 that adds the given value(s) to the encoded video bit
stream as signalling data.

The video coder 200 of Fig. 2 comprises further units similar to the video coder
100 of Fig. 1 for particularly supporting hybrid video coding. For example, the video
coder 200 comprises similar units that are a transform unit 201, a quantization unit 202

and the entropy encoder or entropy encoding unit 203 for, as already known in the art,
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generating transform coefficients via a transformation into the frequency domain,
quantizing the coefficients and entropy coding the.quantized coefficients for example
together with signalling data. The input of the transform unit 201 is a residual block
defined as the difference between the current block of the current frame, referred to as
video block in Fig. 2, and the prediction block outputted by the inter prediction unit
210, the sharpening filter 211 or an intra prediction unit 209. The entropy encoding
unit 203 is adapted to generate as an output the encoded video bit stream.

The video coder 200 comprises further similar units that are an inverse
quantization unit 204, an inverse transform unit 205 and a loop filtering unit 206. The
quantized transform coefficients generated by the quantization unit 202 are inverse
quantized and inverse transformed by respectively the inverse quantization unit 204
and inverse transform unit 205 to obtain a reconstructed residual block corresponding
to the residual block fed to the transform unit 201. The reconstructed residual block is
then added to the prediction block previously used for generating the residual block, so
as to obtain a reconstructed current block corresponding to the current block, this
reconstructed current block being referred to as reconstructed video block in Fig. 2.
The reconstructed current block may be processed by the loop filtering unit 206 to
smooth out artifacts thét are introduced by the block-wise processing and quantization.
The current frame, which comprises at least one current block or advantageously a
plurality of current blocks, can then be reconstructed from the reconstructed current
block(s). This reconstructed current frame can be stored in the frame buffer 207 for
serving as reference frame for inter prediction of another frame of the video stream.

A mode selection unit 208 is provided in the video coder 200 for, similarly to
Fig. 1, selecting whether an input block of the video coder 200 is to be processed by
the intra prediction unit 209 or the inter prediction unit 210. The mode selection unit
208 correspondingly chooses if a block of a frame is to be intra coded using only
information from this frame, or is to be inter coded using additional information from
other frames i.e. from at least one reference frame stored in the frame buffer 207.

The intra prediction unit 209 is responsible for the intra prediction and
generates a prediction block based on intra prediction. As mentioned above,.the inter
prediction unit 210 is responsible for the inter prediction and generateé a prediction

block that is predicted from a block of the same size in a reference frame, so as to
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reduce the temporal redundancy.

Particularly, the sharpening filter 211 can be always enabled. This means that
the prediction block generated by the inter prediction unit 210 is always fed to the
sharpening filter 211, and that the residual block is always obtained by the difference
of the current block and the sharpened prediction block that is outputted by the
sharpening filter 211.

Alternatively, the sharpening filter 211 can be selectively bypassed and/or
selectively applied. In case the sharpening filter 211 is applied, the sharpening filter
211 generates a sharpened prediction block and fhe residual block is obtained by the
difference of the current block and the sharpened prediction block that is outputted by
the sharpening filter 211. In case the sharpening ﬁltef 211 is bypassed, the residual
block is obtained by the difference of the current block and the prediction block that is
outputted by the inter prediction unit 210.

The selective bypass and/or application of the sharpening filter 211 may be
controlled by the control unit 212. The control unit may be, for example, adapted to
control the application and/or bypassing of the sharpening filter 211 depending on a
cost function to minimize the residual block. The cost function may be, for example,
based on the rate distortion optimization. The cost function may be particularly applied
to the residual block obtained from the prediction block that is outputted by the
;harpening filter 211, and to the residual blocks obtained from the prediction block that
is outputted by the inter prediction unit 210. Depending on the result of the cost
function, the sharpening filter 211 may be either applied or bypassed.

The decision of the control unit 212 to bypass or apply the sharpening filter 211
can be transmitted as signalling data within the encoded video bit stream generated by
the encoding unit or entropy encoding unit 203. The control unit 212 transmits
sharpening filter information to the encoding unit 203, said sharpening filter
information reflecting at least one of the selective bypass and selective application of
the sharpening filter 211. The encoding unit 203 then adds the sharpemng filter
information as signalling data in the encoded video bit stream.

 The sharpening filter information can be in the form of a sharpening filter flag
that can take two values, for example 0 and 1. One of these two values, for example 1,

defines that the sharpening filter is applied, while the other value defines that the
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sharpening filter is bypassed. Alternatively, the absence of sharpening filter
information can be interpreted as reflecting the bypassed state of the sharpening filter,
while the presence of sharpening filter information can reflect the application state.

The granularity of the adaptive parameter information and/or sharpening filter
information can vary. The sharpening filter information can for example added at a
block level for each prediction block, for an arbitrary or regular region of the frame, at
a frame level, at a GOP (group of pictures) ievel, at a PPS (picture parameter set) level
or at an SPS (sequence parameter set) level. If the sharpening filter information is
added at a block level for each prediction block, the encoding unit 203 can add the
sharpening filter information for each prediction block generated by the inter
predicﬁon unit 210. The encoding unit 203 then adds to the encoded video bit stream,
for each prediction block, the corresponding quantized residual transform coefficients
and the corresponding sharpening filter information.

Fig. 3 shows a video decoder according to an embodiment of the present
invention, and particularly a video decoder 300 for decoding an encoded video bit
stream obtained by predictive coding a video stream of subsequent frames according to
motion compensation.

The video decoder 300 comprises particularly a frame buffer 307, an inter
prediction unit 310, and an adaptive sharpeningv filter 311. The frame buffer 307 is
adapted to store at least one reference frame obtained from the encoded video bit
stream, said reference frame being different from a current frame of the encoded video
bit stream. The inter prediction unit 310 is adapted to generate a prediction block of a
current block of the current frame from a reference block of the reference frame. The
adaptive sharpening filter 311 is configured to adaptively filter the prediction block.

Advantageously, the video decoder 300 comprises a control unit 312, and the
adaptive sharpening filter 311 utilizes at least one adaptive parameter. The control unit
312 is configured to determine a parameter value of the adaptive parameter and to
supply the determined parameter value to the adaptive sharpening filter 311.

The control unit 312 may be particularly configured to determine the parameter
value of the adaptive parameter depending on adaptive parameter information obtained
from the encoded video bit stream. |

The decoder 300 is adapted to decode the encoded video bit stream generated
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by the video coder 200, and both the decoder 300 and the coder 200 generate identical
predictions. The features of the frame buffer 307, the inter prediction unit 310, and the
sharpening filter 311 are similar to the features of the frame buffer 207, the inter
prediction unit 210, and the sharpening filter 211 of Fig. 2.

For ensuring identical predictions on the coder side and on the decoder side, the
adaptive parameter(s) of the sharpening filter of the coder 200 may be passed to the
decoder 300 as signalling data. As alternative solution, the adaptive parameter(s) may
be derived on the decoder side without sending corresponding signalling data.
Particularly, the adaptive parameter(s) may be derived from a surrounding area or from
the reference frame. For example, the parameter(s) may be derived from a surrounding
block in the current frame, e.g. can be the same as adaptive parameter(s) of a
surrounding block with respect to the current block.

Particularly, the video decoder 300 may comprise further units that are also
present in the video coder 200 like e.g. an inverse quantization unit 304, an inverse
transform unit 305, a ldop filtering unit 306 and an intra prediction unit 309, which
respectively correspond to the inverse quantization unit 204, the inverse transform unit
205, the loop filtering unit 206 and the intra prediction unit 209 of the video coder 200.
An entropy decoding unit 303 is adapted to decode the received encoded video bit
stream and to correspondingly obtain quantized residual transform coefficients and, if
present, sharpening filter information. The quantized residual transform coefficients
are fed to thé inverse quantization unit 304 and an inverse transform unit 305 to
generate a residual block. The residual block is added to a prediction block and the
addition is fed to the loop filtering unit 306 to obtain the decoded video. Frames of the
decoded video can be stored in the frame buffer 307 and serve as a reference frame for
inter prediction. _ |

Particularly, the sharpening filter 311 may be always enabled. This means that
the prediction unit filtered by the sharpening filter is used to obtain the decoded video.

Alternatively, the sharpening filter 311 may be selectively bypaséed or applied
by, for example, the control unit 312. The sharpening filter information obtained by the
decoding unit 303 from the encoded video bit stream may be fed to the control unit
312 that controls the bypassing and/or application of the sharpening filter 311
depending on the sharpening filter information.
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The sharpening filter informatioh reflects the. bypassing or application of the
sharpening filter 311 and preferably corresponds to the sharpening filter information
added by the video coder 200 to the encoded video bit stream. The different aspects
regarding for example the form and the granularity of the sharpening filter information
discussed with respect to the video coder 200 also apply with respect to the video
decoder 300.

Fig. 4 shows an embodiment of an adaptive sharpening filter 400 according to
the present invention, and particularly an embodiment of the adaptive éharpening filter
211 of the video coder 200. The adaptive sharpening filter 311 of the video decoder
300 may be slightly different from the adaptive sharpenihg filter 211 shown in Fig. 4,
the difference being discussed below.

_ The sharpening filter 400 is preferably a non-linear filter. The usage of a non-
linear sharpening filter, instead of a linear filter, is preferable for removing artifacts
caused by the motion interpolation filter and the quantization of the reference block or
frame. The choice of a non-linear filter can reduce the number of adaptive parameters
of the sharpening filter 400. In particular, the non-linear filter can utilize only one
adaptive parameter, so that the signalling overhead of the encoded video bit stream is
reduced. While the present invention also covers the use of more than one adaptive
parameter to control sharpening filter 400, a sharpening filter utilizing only one
adaptive parameter is a particularly advantageous embodiment.

Particularly, the sharpening filter 400 comprises an edge map calculation unit
401, 402, a blurring filter 404, a high-pass filter 405, a scaling unit 406 and a warping
unit 407.

The edge map calculation unit 401, 402 is adapted to geherate an edge map of a
source block, said source block being the reference block or the prediction block. The
blurring filter 404 is adapted to blur the edge map of the source block. The high-pass
filter 405 is adapted to generate, by high-pass filtering the blurred edge map, a
derivative vector (d2x, d2y) for each position of the source block. The scaling unit 406
is adapted to generate a displacement vector (wx, wy) by scaling the derivative vector
(d2x, d2y) with a sharpening strength coefficient k. The warping unit 407 is adapted to
warp the prediction block based on the displacement vector (wx, wy).

Thereby, the adaptive parameter controlling the sharpening filter 400 is the
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sharpening strength coefficient k. The sharpening filter 400 shown in Fig. 4 is an
embodiment of the present invention with only one adaptive parameter.

The edge map calculation unit 401, 402 can comprise a gradient vector unit 401
adapted to generate a gradient vector (dx, dy) for each position of the source block, and
a gradient vector length unit 402 adapted to calculate the length of the gradient vector
(dx, dy) of each position so as to generate the edge map of the source block. Thereby,
this structure allows for the generation of an edge map that can be further processed by
the blurring filter, the high-pass filter and fhe scaling unit to generate the warping
displacement vector.

The gradient vector can be obtained by taking the first derivative separately for
dx and dy, i.e. separately for both a horizontal and a vertical direction of the source
block referred to as source block in Fig. 4, by applying a corresponding Prewitt filter

in accordance with the following equations:

1 0 -1
de=|1 0 -1|*img
1 0 -1
1 1 1

dy=10 0 O |*img
-1 -1 -1

The edge map can be obtained by the gradient vector length unit 402 by
calculating the gradient vector length in accordance with the following equation:

abs = W

Advantageously, the sharpening filter 400 comprises a clipping unit 403
adapted to clip the edge map of the source block, said clipping unit 403 being located
between the edge map calculation unit 401, 402 and the blurring filter 404. Thereby,
the clipping of the edge map with thresholds is advantageous in that it prevents the
processing of extremely high and low values of warping vectors.

The step of blurring of the clipped edge map can be obtained by a blurring filter

404 in form of a Gaussian filter that can be defined as follows:
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The high-pass filter is used to obtain, separately for d2x and d2y, the second

derivative, for example according to the followings:

dx=[1 0 -i]

The displacement Vectdr (wx,wy) is obtained by scaling the second derivative
vector (d2x, d2y) with the coefficient k, wherein the coefficient k can be considered as
sharpening strength, according to the following equations:

wx =k*d’x

wy=k*d’y

The warping unit 407 includes an interpolation filter that is e.g. a bi-linear
interpolation filter to obtain sample values at fractional-pel positions. The warping unit
407 uses the displacement vector generated by the scaling unit 406. Thereby, the
overall quality of the video coder is improved while at the same time providing an
interpolation of the reference frame/block on desiredv fractional-pel positions.

A subtracting unit 408 is édapted to build the difference between the sharpened
prediction block generated by the warping unit 407 and the current block, said current
block corresponding to the block to be encoded. The subtracting unit 408 in fact
generates the residual block. The adaptive sharpening filter 400, or the control unit 211
controlling the adaptive sharpening filter 400, is adapted to find the optimum
sharpening strength k for example by minimizing the residual block or by a cost
criterion based e.g. on the rate-distortion.

The difference between the adaptive sharpening filters of the video coder 200
and of the video decoder 300 preferably consists in this subtracting unit 408 and in this
minimization of the residual block. In the video decoder 300, the adaptive parameter,
i.e. the coefficient k, is not set by means of the subtracting unit 408 and the

minimization of the residual block. Instead, the adaptive parameter is set in the video
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decoder 300 preferably depending on signalling data reflecting the value of the
coefficient k, said signalling data being part of the encoded video bit stream and being
set by the video coder 200. '

The sharpening filter 400 comprises a warping based on a displacement vector
calculated from the source block, which source block is referred to in Fig. 4 as motion
predicﬁon block.

According to an embodiment not shown in Fig. 4, the source block is the
reference block of the reference frame stored in the frame buffer 207, 307, such that
the displacement vector (wx, wy) is derived from the reference block. Thereby, the
reference block is used as source block for obtaining the displacement vectors, which
are also called sharpening displacement vectors or warping displacement vectors. The
warping is then applied to the prediction block using the obtained displacement vector.
This embodiment is advantageous in that is saves computational resources on the
encoder side.

According to the alternative embodiment of Fig. 4, the source block is the
prediction block generated by the inter prediction unit 210, 310, such that the
displacement vector (wx, wy) is derived from the prediction block.

Thereby, choosing the prediction block as source block allows for the
calculation of suitable displacement vectors for carrying.out the warping of the
prediction block. Also, the sharpening filter then only requires one input for the
prediction block and a second input for fhe reference block is not needed.

Fig. 5 shows a video coding method according to an embodiment of the present
invention, and particularly a method 500 for predictive coding a video stream of
subsequent frames according to motion compensation into an encoded video bit
stream.

The method 500 comprises a step 501 of storing at least one reference frame of
the video stream, said reference frame being different from a current frame of the
video stream.

The method 500 further on comprises an inter prediction step 502 comprising
generating a prediction block of a current block of the current frame from a reference
block of the reference frame.

The method 500 further on comprises an adaptive sharpening filter step 503
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comprising adaptively filtering the prediction block.

Fig. 6 shows a video decoding method according to an embodiment of the
present invention, and particularly a method 600 for decoding an encoded video bit
stream obtained by predictive coding a video stream of subsequent frames according to
motion compensation. |

The method 600 comprises a step 601 of storing at least one reference frame
obtained from the encoded video bit stream, said reference frame bein_g different from
a current frame of the encoded video bit stream.

The method 600 comprises an inter prediction step 602 comprising generating
a prediction block of a current block of the current frame from a reference block of the
reference frame.

The method 600 comprises an adaptive sharpening filter step 603 comprising
adaptively filtering the prediction block.

Further aspects and features described with respect to the video codef 200 or
the video decoder 300 are also applicable to the coding method 500 and the decoding
method 600.

Fig. 7 shows a sharpening adaptation according to an embodiment of the
present invention. The sharpening adaptation process shown in Fig. 7 is carried out on
the video coder side.

The estimation of the adaptive parameter(s) of the sharpening filter as well as
necessity of sharpening itself, i.e. the decision to apply or bypass the adaptive
sharpening filter, can be performed together with the motion estimation procedure. Fig.
7 illustrates how the adaptive sharpening parameter(s) can be obtained during the
evaluatioﬁ of motion vector candidates. The following steps can then be performed:

- take the motion vector to be analysed,

- obtain motion interpolated block 708 by applying a conventional interpolation
filter 709,

- perform the sharpening filter adaptation 707 so as to obtain the optimal
adaptation parameter(s) for the sharpening filter,

- apply the sharpening filter 706 with optimal parameter(s) found in the

~ previous step to obtain sharpened prediction block 705,

- decide or evaluate 704 if the sharpened prediction block is better that the
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prediction block without sharpening, wherein this decision/evaluation is based on a
rate-distortion optimization and is transmitted to the video decoder by means of the
sharpening filter information added as signalling data or side information to the
encoded video bit stream. This sharpening filter information is identified in Fig. 7 as
sharpening on/off.

~If the video coder 200 decides to apply a sharpened prediction, then also
adaptive parameter information reflecting the value of the optimal parameter(s) of the
sharpening filter is added as signalling data to the encoded video bit stream. The
adaptive parameter information is identified in Fig. 7 as sharpening strength.

The sharpening adaptation shown in Fig. 7 can be applied at different steps of
the motion estimation loop. Fig. 8 shows three possible embodiments for integrating
the sharpening adaptation process into the motion vector search.

In the embodiment of Fig. 8a, the sharpening adaptation — i.e. finding the
optimal coefficient k — is performed for each possible motion vector candidate. This
embodiment provides the best poésible quality at the cost of searching complexity.

Correspondingly, the motion estimation 800 of Fig. 8a comprises a sharpening
filter adaptation 803 for each motion vector candidate 801. For a motion vector
candidate, the prediction block is obtained 802, the adaptive sharpening is performed
803 and a decision is taken whether the sharpening filter shall be applied or bypassed
804. This procedure is repeated for each possible motion vector candidate.

In the embodiment of Fig. 8c, the sharpening adaptation is alternatively
performed only for one motion vector, i.e. for the best motion vector that is found
during the motion estimation. This embodiment is advantageous in that it reduces the
search complexity. On the other hand, the found sharpened prediction block may not
be the best possible.

Correspondingly, the motion estimation 820 of Fig. 8c comprises only one
sharpening adaptation step 825. Based on this sharpening adaptation 825, it can be
decided whether the adaptive sharpening filter shall by applied or bypassed826. Prior
to the sharpening adaptation 825, an integer motion vector search 822 is carried out for
each motion vector candidate 821, and a fractional motion vector search 824 is carried
out for each fractional position 823.

The embodiment shown in Fig. 8b is a balanced solution between the
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embodiments of Figs. 8a and 8c: the sharpening adaptation is performed only during
the fractional motion vector refinement. In this embodiment, the integer motion vector
search is performed without sharpening adaptation to reduce the search complexity.

Correspondingly, the motion estimation 810 of Fig. 8b comprises an integer
motion vector search 812 that is carried out for each motion vector candidate 811.
Once the integer motion vector search is done 812, the obtained prediction block is
interpolated 814 for each fractional position 813: a sharpening adaptétion 815 is
performed for each prediction block, and it is decided 816 for each prediction block
whether the sharpening filter shall be applied or bypassed.

The present invention has been described in conjunction with various
embodiments as examples as well as implementations. However, other variations can
be understood and effected by those persons skilled in the art and practicing the
claimed invention, from the studies of the drawings, this disclosure and the
independent claims. In the claims as well as in the description the word “comprising”
does not exclude other elements or steps and the indefinite article “a” or “an” does not
exclude a plurality. A single element or other unit may fulfil the functions of several
entities or items recited in the claims. The mere fact that certain measures are recited in
the mutual different dependent claims does not indicate that a combination of these

measures cannot be used in an advantageous implementation.
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CLAIMS

1. A video coder for predictive coding a video stream of subsequent frames
according to motion compensation into an encoded video bit stream, comprising:

- a frame buffer (207) configured to store at least one reference frame of the
video stream, said reference frame being different from a current frame of the video
stream,

- an inter prediction unit (210) configured to generate a prediction block of a
current block of the current frame from a reference block of the reference frame, and

- an adaptive sharpening filter (211) configured to adaptively filter the
prediction block. _

2. The video coder according to claim 1, comprising a control unit (212),
wherein the adaptive sharpening filter (211) is configured to be controlled by at least
one adaptive parameter, and | |

the control unit (212) is configured to determine a parameter value of the
adaptive parameter and supply the determined parameter value to the adaptive
sharpening filter (211).

3. The video coder according to claim 2, wherein the control unit (212) is
cqnﬁguréd to supply different parameter values for the adaptive parameter and to
select one of the different parameter values based on a minimization of a residual
block, said residual block being the difference between the current block and the
prediction block, or based on a cost criterion such as, for example, a rate distortion
optimization.

4. The video coder according to any of the preceding claims, wherein the
adaptive sharpening filter (211) is a non-linear filter.

5. The video coder aécording to any of the claims 2 to 5, wherein the adaptive
sharpening filter (211) comprises: v

- an edge map calculation unit (401, 402) adapted to generate an edge map of a
source block, said source block being fhe reference block or the prediction block,

- a blurring filter (404) adapted to blur the edge map of the source block,

- a high-pass filter (405) adapted to generate, by high-pass filtering the blurred
edge map, a derivative vector (d2x, d2y) for each position of the source blogk,

- a scaling unit (406) adapted to generate a displacement vector (wx, wy) by
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scaling the derivative vector (d2x, d2y) with a sharpening strength coefficient (k), and

- a warping unit (407) adapted to warp the prediction block based on the
displacement vector (wx, wy),

wherein the adaptive parameter includes the sharpening strength coefficient (k).

6. The video coder according to any of the claims 2 to 5, comprising an
encoding unit (203) configured to generate the encoded video bit stream,

wherein the control unit (212) is configured to transmit to the encoding unit
(203) adaptive parameter information about the determined parameter value, and

the encoding unit (203) is configured to add the adaptive parameter information
in the encoded video bit stream.

7. The video coder according to any of the preceding claims, wherein the
adaptive sharpening filter (211) is always enabled.

8. The video coder according to any of the claims 1 to 6, comprising a control
unit (212) configured to control at least one of a selective bypass of the adaptive
sharpening filter (211) and a selective application of the adaptive sharpening filter
(211). '

9. The video coder according to claim 8, wherein the control unit (212) is
configured to control the at least one of the‘ selective bypass and the selective
application based on a minimization of a residual block, said residual block being the
difference between the current block and the prediction block, or based on another cost
criterion such as, for example, another rate distortion optimization.

10. The video coder according to claim 8 or 9, comprising an encoding unit
(203) configured to generate the encoded video bit stream,

wherein the control unit (212) is configured to transmit to the encoding unit
(203) sharpening filter information reflecting the at least one of the selective bypass
and the selective application, and

the encoding unit (203) is configured to add the sharpening filter information in
the encoded video bit stream.

11. The video coder according to claim 6 or 10, wherein the adaptive parameter
information or the sharpening filter information is added at a block level for each
prediction block, for an arbitrary or regular region of the frame, at a frame level, at a

GOP (group of pictures) level, at a PPS (picture parameter set) level or at an SPS
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(sequence parameter set) level.

12. The video coder according to any of the proceeding claims, wherein the
adaptive sharpening filter (211) is configured to be controlled by a single adaptive
parameter. |

13. A method for predictive coding a video stream of subsequent frames
according to motion compensation into an encoded video bit stream, comprising:

- storing (501) at least one reference frame of the video stream, said reference
frame being different from a current frame of the video stream,

- generating (502) a prediction block of a current block of the current frame
from a reference block of the reference frame, and

- adaptively filtering (503) the prediction block.

14. A video decoder for decoding an encoded video Bit stream obtained by
predictive coding a video stream of subsequent frames according to motion
compensation, comprising:

- a frame buffer (307) configured to store at least one reference frame obtained
from the encoded video bit stream, said reference frame being different from a current
frame of the encoded video bit stream,

- an inter prediction unit (310) configured to generate a prediction block of a
current block of the current frame from a reference block of the reference frame, and

- an adaptive sharpening filter (311) configured to adaptively filter the
prediction block.

15. The video decoder according to claim 14, comprising a control unit (312),

wherein the adaptive sharpening filter (311) is configured to be controlled by at
least one adaptive parameter, and

the control unit (312) is configured to determine a parameter value of the
adaptive parameter and to supply the determined parameter value to the adaptive
sharpening filter (311).

16. The video decoder according to claim 15,

wherein the control unit (312) is configured to determine the parameter value
of the adaptive parameter depending on adaptive parameter information obtained from
the encoded video bit stream.

17. The video decoder according to claim 15 or 16,
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wherein the control unit (312) is configured to control at least one of a
selective bypass of the adaptive sharpening filter (211) and a selective application of
the adaptive sharpening filter (211).

18. The video decoder according to claim 17,

wherein the control unit (312) is configured to control the at least one of the
selective bypass and the selective application based on sharpening filter information
obtained from the encoded video bit stream.

19. A method for decoding an encoded video bit stream obtained by predictive
coding a video stream of subsequent frames according to motion compensation, the
method comprising:

- storing (601) at least one reference frame obtained from the encoded video bit
stream, said reference frame being different from a current frame of the encoded video
bit streani,

- generating (602) a prediction block of a current block of the current frame
from a reference block of the reference frame, and

adaptively filtering (603) the prediction block.

20. A computer program having a program code for performing the method

according to claim 13 or 19, when the computer program runs on a computing device.

SUBSTITUTE SHEET (RULE 26)



PCT/RU2015/000611

1/8

WO 2017/052406

1 Ol

SUBSTITUTE SHEET (RULE 26)

01 S01 901 LOT
» | / ) B
Wealsiq \l | ﬁ 43000 0diA ﬁ %00|q 03pIA
apoou |
Papooud Vg nun \ nn pPaJonJjsucoey
UOJUBZUBND) |—=  UIOJSUBI] —————=(4)—=1 Fa114 dooT _
9SIaAU| 9SIaAU] %00|q 4 - )
, |enpisal !
P3JoNIISUCISY saInjold
5 jun 90U813J9Y
u|poou3 |
Ia K Adosnu3 | —
€01 ki C[wn ] —
SJUBI0IY809 - uoloIpald|L
Uwiiojsuel) . nn
100[q .
|enpisal IToJIRETETS
LI Pl T R
‘ U
wn L hun I e L
uogezpuent ™| wioisuel] POl =) \ 1 |
, —— [enpisey | | M\ 49019 O9PIA
- -
e 1o , oLl 601 801 __

001



PCT/RU2015/000611

WO 2017/052406

2/8

¢ 9ld

¥0C ¢0C 90¢ LOT
s / J 002 J \
Wweansyq \L \L ¥3002 03dIA \\ -
pepoouz Jiun jun . nn PaIONJISU0BY
UOIUBZNUBND|—» WIOJSUB) | vmw.v > Buuialji{ dooT
@w._wb>c_ OSIoAU| ¥00[q ° : R
nmyo::_mmq%wwmm_ saInoid
N [4Y4 :
BuIpooUT |« Jiun [ouon}— SouB.IejoY
Ve \ao%cm |
€0
Uy 4oy Hun v
SJUSIOIB03 +m“c_%memm_w1| UONOIPSId ¢
wiojsues 90 ondepy 8| nn
|enpisal uoloIpald \ ‘ N Uon3s|eS
pazijuenb . \\ uonoIpdidle_| SPOW
_ iun nn X 1\ ~ m___E_ A
UoReZNUBND* | wiojsues] [ 3pojg = \ \ ] ]
— 7— [enpisay S [~300|g 0OPIA
e H%Nk e olz 602 307 -

SUBSTITUTE SHEET (RULE 26)



PCT/RU2015/000611

WO 2017/052406

3/8

90¢ LOE
| _\
J t
\ 08pIA
paP093(] /
Jun |
Bulisyi4 doo _
$00[g !
[enpisey 300[( y
uonoIpaid ic saJnjold
N L AR |
1 wiojsuesy TAEEE i |
cOE 9SIBAU| | buiuadieys le— uonoIpaly e
| A aAndepy 19|
\ n |
uonoIPald le——
\ BIU|
pun = \N N
_luoiueziuenp) |« [ \ \ Buiposeg Emmmuww_g
pog | | esieny] \ | ‘ —~ fdoyu3 pEpOOUT
/ ]
\ \\ \\ \\\ -
[R5 Or¢ 60¢ ¢0¢ 013

SUBSTITUTE SHEET (RULE 26)



PCT/RU2015/000611

WO 2017/052406

4/8

v Ol

90¥
1914 Buluadieys anydepy - s0¥
N\ uiw - Y %20(q
| ebew| jeulbuo
SOV —_| | ompausp | hep Myl Bude >
~~  pu0%8s XZp XM IGIEM 300[q
- |uonoipaid UOHO
4 / pouadieys
Ja) Butnq /hov
vOv —_ | | ueissnes)
Ploysaiy}
yibus| JojyosA | . Ap 19|l maid Aq
poxy ' a— 1 anien
Juaipeib exel [~ xp | aAleAusp Jsid %00[q
vz_; buiddyd : \ LOROIPaId UOHON
[ / /
cov or [§0)7

SUBSTITUTE SHEET (RULE 26)



PCT/RU2015/000611

WO 2017/052406

5/8

£0¢s

oS

10¢

G Old

jo0]q uonoipaid ay) wcﬂo”:_m
Apandepe Suisudwoos dois 193y Sumuadreys aandepe

H

WIRLJ 2DOUDIDJAI Y} JO xooz oocoh&& m&o@ JwrelJ
JU1IND Y] JO JYO0[q IULIND B JO }O0[q uondipaid
© Suneroudd SursLidwos dois uoroipard 1ajur

H

WBIIIS OJPIA I JO SWERIJ JUDLIND B WOLJ
JUSIQIIP SUIDQ SWRIL ADUSIJJAI PIeS TWLAIIS 0IPIA
39U} JO dwkl} DUIIJAI U0 1SBI[ Ik JuLI0Is Jo dais

SUBSTITUTE SHEET (RULE 26)



PCT/RU2015/000611

WO 2017/052406

6/8

€09

<09

109

99Ol

390[q uonoaipaid oy mcuo:m
Apandepe Suisudwoos dois 103y Sutuadieys sandepe

H

QWIBLJ 9OUIIDJAI A JO JOO[q ADUSIJJRI B WOIJ dWey
LMD Y} JO YO0[q JULIND © JO 390[q uondipard
© Sunesuad Sursudwod dojs uornorpard 1ojur

+

| WBI)S OdPIA PIPOIUD Y} JO
SWIRJJ JUSLIND € WOJJ JUIYIP Suldq dwel]
QOUQIYJRI PIBS WELAIIS 31 OIPIA PIPOIUI Y} WO
paureIqo dWely 9UIDJAI JUO ISBI[ I8 FuLIoIs Jo dals

SUBSTITUTE SHEET (RULE 26)



PCT/RU2015/000611

718

WO 2017/052406

CoL & IS 90L LOL
uoewojul apis) ybuans buuadieys |
N A jeuLo) w ) 4] a\%fw \\
~Y00Ig — uoneydepy
................. S o uoRoIpa! 1l 20019
(uopewioju apis) | S F o potbdyg | | UedUS [+ @camﬁ;m | pasejodialy .
ssedfg/peiddy |S @ 1S — " ¥ 80L
bujuadieys a ﬂ
\ _ e | uonejodis)u
¥90/q jeuibl uolo
r0L BuipuodsaLon M " ‘ / 60L
> Nd —-——
T |
10}09\ UOLJO —> Nd
oweld |
PaJONASU0ISY 3
ueuny | [BUbLO auwel
\ ——— Weung | 82UsIo}0Y
€0L \ \

0L : 10L

SUBSTITUTE SHEET (RULE 26)



PCT/RU2015/000611

WO 2017/052406

980l

Buipo) [enpisey 0]

co_m_.omo
98 | ssedAgjpaiiddy
m:_:oemcw
§T8 | %&%2
1914 c_coem:w
_
V8|  yosess
00 AW [euoiORI
: x
00 ¢¢8 /%co_u_wwm%&wyomt \\/ ‘
+
T8~ cemmw
AN 1863u]
18- A
V\Qmo_n:mo ORET

~._UONO\ yoes 104 -
*

(__UONEUwSS UOHON

N

078

_~BIepIpUBY JOJOA™

_UONO|\ Yoes 104

¢ UOTEWS UOTO

N

018

48Ol
Buipo) |enpisey o:,
co_m_omo 918
ssedAg/paiddy —
mc_cmem;w
LST8
:o;mamu,q \
Je)|14 bulusdieys
7 VI8
%00ig Uooipeld |—|
&m_oemE_
€18
| ~uonisod _mco;omt/\
S~ Yoeslod T
+
[ 18
yoleas
AN hmmmz_ 118

eg'oOld

BuipoQ [enpisey 014

T

“UOISIaQ
ssedAg/paiddy
@c_cmemﬁm

S%_u,q
E:_ 4 c_cmemcm

-

v_oo_m_
uololIpald uelqo

\

%

olepipued Jo)oo
)

..

-~

<

e

7

+

(_UOeUInS UOHOf

D

N

008

P08

08

108

SUBSTITUTE SHEET (RULE 26)



	Abstract
	Description
	Claims
	Drawings

