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ADAPTIVE SHARPENING FILTER FOR PREDICTIVE CODING 

TECHNICAL FIELD 

5 

The present invention generally relates to the field of video processing, and 

specifically relates to a video coder and a video decoder for supporting predictive 

coding. The present invention relates further to a method for predictive coding a video 

and to a method for decoding an encoded video bit stream obtained by predictive 

10 coding. Finally, the present invention relates to a computer program having a program 

code for performing such a method. 

BACKGROUND 

15 Known video systems use prediction coding for increasing the coding and decoding 

efficiency. Examples of prediction coding include inter layer prediction of scalable 

video coding and inter frame prediction. 

The scalable video codec is the answer of the telecommunication industry to the rising 

20 demand for video streaming to mobile devices including smartphones, tablets or 

notebooks as well as other equipments having a broad variety of screen sizes and 

computing capabilities. Moreover modern video transmission systems using the 

Internet and mobile networks are typically characterized by a wide range of connection 

qualities, which depends on adaptive resource sharing mechanisms. In such 

25 heterogeneous environments with varying connection qualities and different receiving 

devices, a flexible adaptation of once-encoded content is desirable. 

In this respect, the scalable video codec generates a layered bit-stream. A layered 

structure of any scalable video content can be defined as the combination of a base 

30 layer and at least one additional enhancement layer. The base layer corresponds to the 

lowest supported video performance, whereas the enhancement layers allow for the 

refinement of the mentioned base layer. The improvement achievable by the 

enhancement layers can relate to quality, frame rate or spatial refinement with higher 

spatial resolution. 
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Fig. 1 shows a video coder 100 for inter layer prediction coding of a series of video 

frames 101 according to the state of the art known , for example, from the 

H.265/SHVC scalable video coding. The coder 100 comprises a spatial enhancement 

5 layer 102 for receiving the video frame 101 and generating an encoded enhancement 

layer bitstream. The coder 100 further comprises a downsampling filter 107 for 

generating a downsampled video frame 111 from the video frame 101, and a spatial 

base layer 112 for receiving the downsampled video frame 111 and for generating an 

encoded base layer bitstream. The coder 100 further comprises a multiplex unit 118 for 

10 multiplexing the encoded enhancement layer bitstream and the encoded base layer 

bitstream and generating an encoded video bit stream. 

The spatial base layer 112 comprises successive units that are a temporal scalable 

coding unit 113 receiving the downsampled video frame 111, a prediction unit 114, a 

15 base layer coding unit 115, a SNR scalable coding unit 116, and an upsampling filter 

117. The respective outputs of the base layer coding unit 115 and of the SNR scalable 

coding unit 116 are provided to the multiplex unit 118. The spatial enhancement layer 

102 comprises successive units that are a temporal scalable coding unit 103 receiving 

the video frame 101, a prediction unit 104, a base layer coding unit 105, and a SNR 

20 scalable coding unit 106. The respective outputs of the base layer coding unit 105 and 

of the SNR scalable coding unit 106 are provided to the multiplex unit 118. 

The output of the upsampling filter 117 of the spatial base layer 112 corresponds to a 

prediction block for an inter layer prediction and is fed to the prediction unit 104 of the 

25 spatial enhancement layer. The information from the base layer is used to increase the 

compression ratio of the enhancement layers. This has the effect that the bit-rate of 

video signals can be reduced. 

However, such a known inter layer prediction for spatial enhancement layer uses 

30 upsampling of the base layer frame. The upsampled base layer frame thereby suffers 

from blurred edges and from a low amount of high frequency details, since such details 

are not present in the base layer reference frame. Moreover, the quality of the 

upsampled frame also depends on the properties of the upsampling filter 117. Short-tap 

filters may suppress high frequencies and render an interpolated frame additionally 
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blurred. In opposite thereto, long-tap filters may preserve high frequencies but generate 

some ringing artifacts near to the sharp edges. 

SUMMARY 

5 

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 coding and decoding of a video stream. 

10 

The present invention particularly intends to improve the efficiency of the predictive 

coding. Particularly, the invention also intends to better fit to local image features. It is 

a further object of the invention to improve predictive coding by increasing sharpness 

of edges and reducing ringing artifacts in prediction blocks adaptively to local image 

15 content. 

The above-mentioned object of the present invention is achieved by the solution 

provided in the enclosed independent claims. Advantageous implementations of the 

present invention are further defined in the respective dependent claims. 

20 

A first aspect of the present invention provides a video coder for predictive coding, 

into an encoded video bit stream, of an original block of an original frame based on a 

prediction block obtained from a reference frame. The video coder comprises a buffer 

configured to store the original block. The video coder comprises a buffer configured 

25 to store the prediction block. The video coder comprises an adaptive sharpening filter 

configured to apply a spatial adaptive sharpening filtering to the prediction block. 

Thereby, applying a spatial adaptive sharpening filter increases the prediction 

efficiency, and e.g. the inter layer or inter frame prediction efficiency. As long as the 

30 presence of artifacts depends on the existence of edges and on their strength, it is 

advantageous to provide a filter that is adaptive to local image content, i.e. adaptive to 

the existence and strength of edges in the blocks. This solution also allows for an 

adaptation to local features for small regions of coding frame. In the inter layer 

prediction, the ringing artifacts caused by upsampling filters can be reduced while 
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keeping quality of edges. The edges blurring caused by prediction from a lower 

resolution frame can be reduced. Also the signalling overhead can be reduced by using 

an adaptive sharpening filter with only one adaptive coefficient. The signalling 

overhead can be reduced by exploiting information about edge strength calculated 

5 from already transmitted base layer picture. The subjective quality of edges can be 

increased in reconstructed frames. 

In an implementation form of the video coder according to the first aspect, for the 

predictive coding, into the encoded video bit stream, of a plurality of original blocks of 

10 the original frame based respectively on a plurality of prediction blocks obtained from 

the reference frame, the adaptive sharpening filter is configured to have the possibility 

to apply a different sharpening filtering to each of the plurality of prediction blocks. 

Thereby, the filter can be adaptive to local image content, i.e. adaptive to the existence 

and strength of edges in the blocks. 

15 

In an implementation form of the video coder according to the first aspect, the video 

coder is suitable for inter layer predictive coding of scalable video content comprising 

a base layer and at least one enhancement layer. The original frame is a frame of an 

enhancement layer. The reference frame is a frame of a reconstructed base layer. The 

20 video coder comprises an upsampling filter configured to upsample the reference 

frame, the prediction block being a block of the upsampled reference frame. Thereby, 

the inter layer prediction efficiency can be improved. 

In an implementation form of the video coder according to the first aspect, the video 

25 coder is suitable for inter frame predictive coding of video content comprising 

subsequent frames. The original frame is one of the subsequent frames. The reference 

frame is one of reconstructed subsequent frames. The video coder comprises a buffer 

configured to store a reference block of the reference frame. The video coder 

comprises a motion estimation unit configured to obtain a motion vector reflecting 

30 motion between the reference block and the original block. The video coder comprises 

a motion compensation unit configured to generate the prediction block from the 

reference block based on the motion vector. Thereby, the inter frame prediction 

efficiency can be improved. 

4 
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In an 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. The video coder comprises an encoding unit configured to add to the encoded 

5 video bit stream sharpening filter information reflecting the at least one of the selective 

bypass and the 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 adaptive sharpening filter can be bypassed to 

10 save computational resources in the video coder. On the other hand, the adaptive 

sharpening filter can be applied if the priority shall be given e.g. to the reduction of 

artifacts. 

In an implementation form of the video coder according to the first aspect, the 

15 encoding unit is configured to encode the sharpening filter information using a 

context-adaptive binary arithmetic coding, CABAC. The video coder comprises an 

edge strength estimation unit configured to estimate an edge strength in the prediction 

block or a reference block of the reference frame. The video coder comprises a 

CABAC context switch configured to select a context of the CABAC depending on the 

20 estimated edge strength. 

In an implementation form of the video coder according to the first aspect, the control 

unit 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 

25 difference between the original block and the prediction block, or based on a cost 

criterion that is , for example, a rate distortion optimization. Thereby, the possibility of 

bypassing or applying the sharpening filter can be further used to improve the 

predictive coding. By choosing the alternative that minimized the residual block and 

by correspondingly applying or bypassing the sharpening filter, the quantity of data 

30 and , for example, the quantity of transform coefficients to be encoded can be reduced. 

In an implementation form of the video coder according to the first aspect, the adaptive 

sharpening filter is configured to be controlled by at least one adaptive parameter. The 

video coder comprises a control unit configured to determine a parameter value of the 
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adaptive parameter and supply the determined parameter value to the adaptive 

sharpening filter. The video coder comprises an encoding unit configured to add to the 

encoded video bit stream adaptive parameter information about the determined 

parameter value of the adaptive parameter. Thereby, the adaptive sharpening filter can 

5 be optimized and the same filtering can be applied by the coder and the decoder. 

In an implementation form of 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 

10 block, said residual block being the difference between the original block and the 

prediction block, or based on a cost criterion such as, for example, a rate distortion 

optimization. Thereby, the adaptive sharpening filter can be further optimized. 

In an implementation form of the video coder according to the first aspect, the adaptive 

15 sharpening filter is a non-linear filter configured to be controlled by a single adaptive 

parameter. Thereby, the signalling overhead can be reduced. 

In an implementation form of the video coder according to the first aspect, the adaptive 

sharpening filter comprises an edge map calculation unit adapted to generate an edge 

20 map of a source block, said source block being the prediction block or a reference 

block of the reference frame. The adaptive sharpening filter comprises a blurring filter 

adapted to blur the edge map of the source block. The adaptive sharpening filter 

comprises a high-pass filter adapted to generate, by high-pass filtering the blurred edge 

map, a derivative vector for each position of the source block. The adaptive sharpening 

25 filter comprises a scaling unit adapted to generate a displacement vector by scaling the 

derivative vector with a sharpening strength coefficient. The adaptive 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 adaptive sharpening filter defines a non- 

30 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. 

6 
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In an implementation form of the video coder according to the first aspect, the adaptive 

parameter information and/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 

5 SPS (sequence parameter set) level. Thereby, it is possible to set the sharpening filter 

information and/or adaptive parameter information to a desired granularity so that the 

signalling can be optimized. 

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

10 an encoded video bit stream, of an original block of an original frame based on a 

prediction block obtained from a reference frame. The method comprises storing the 

original block. The method comprises storing the prediction block. The method 

comprises an adaptive sharpening filter step comprising applying a spatial adaptive 

sharpening filtering to the prediction block. 

15 

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. 

20 A third aspect of the present invention provides a video decoder for decoding an 

encoded video bit stream obtained by predictive coding of an original block of an 

original frame based on a prediction block obtained from a reconstructed reference 

frame. The video decoder comprises a decoding unit configured to reconstruct the 

reference frame from the encoded video bit stream. The video decoder comprises a 

25 buffer configured to store the prediction block obtained from the reconstructed 

reference frame. The video decoder comprises an adaptive sharpening filter configured 

to apply a spatial adaptive sharpening filtering to the prediction block. 

Thereby, the advantages obtained with respect to the video coder according to the first 

30 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 is suitable for decoding the encoded video bit stream obtained by inter layer 

predictive coding of scalable video content comprising a base layer and at least one 
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enhancement layer. The original frame is a frame of an enhancement layer. The 

reference frame is a frame of a reconstructed base layer. The video decoder comprises 

an upsampling filter configured to upsample the reconstructed reference frame, the 

prediction block being a block of the upsampled reference frame. 

5 

In an implementation form of the video decoder according to the third aspect, the video 

decoder is suitable for decoding the encoded video bit stream obtained by inter frame 

predictive coding of video content comprising subsequent frames. The original frame 

is one of the subsequent frames. The reference frame is one of reconstructed 

10 subsequent frames. The video decoder comprises a buffer configured to store a 

reference block of the extracted reference frame. The video decoder comprises a 

decoding unit configured to extract, from the encoded video bit stream, a motion 

vector reflecting motion between the reference block and the original block. The video 

decoder comprises a motion compensation unit configured to generate the prediction 

15 block from the reference block based on the motion vector. 

In an implementation form of the video decoder according to the third aspect, the video 

decoder comprises a decoding unit configured to extract, from the encoded video bit 

stream, sharpening filter information reflecting at least one of a selective bypass of the 

20 adaptive sharpening filter and a selective application of the adaptive sharpening filter 

to the prediction block. The video decoder comprises a control unit configured to 

control the at least one of the selective bypass and the selective application depending 

on the extracted sharpening filter information. Thereby, it can be ensured that both the 

video coder and the video decoder carry out the same prediction. 

25 

In an implementation form of the video decoder according to the third aspect, the 

decoding unit is configured to decode the sharpening filter information according to a 

context-adaptive binary arithmetic coding, CABAC. The video decoder comprises an 

edge strength estimation unit configured to estimate an edge strength in the prediction 

30 block or a reference block of the reference frame. The video decoder comprises a 

CABAC context switch configured to select a context of the CABAC depending on the 

estimated edge strength. 

8 
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In an implementation form of the video decoder according to the third aspect, the 

adaptive sharpening filter is configured to be controlled by at least one adaptive 

parameter. The video decoder comprises a decoding unit configured to extract, from 

the encoded video bit stream, adaptive parameter information about a parameter value 

5 of the adaptive parameter. The video decoder comprises a control unit configured to 

control the adaptive sharpening filter according to the extracted adaptive parameter 

information. Thereby, it can 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. 

10 

In an implementation form of the video decoder according to the third aspect, the 

adaptive sharpening filter is a non-linear filter configured to be controlled by a single 

adaptive parameter. Thereby, the signalling overhead can be further reduced. 

15 In an implementation form of the video decoder according to the third aspect, the 

adaptive sharpening filter comprises an edge map calculation unit adapted to generate 

an edge map of a source block, said source block being the prediction block or a 

reference block of the reference frame. The adaptive sharpening filter comprises a 

blurring filter adapted to blur the edge map of the source block. The adaptive 

20 sharpening filter comprises a high-pass filter adapted to generate, by high-pass filtering 

the blurred edge map, a derivative vector for each position of the source block. The 

adaptive sharpening filter comprises a scaling unit adapted to generate a displacement 

vector by scaling the derivative vector with a sharpening strength coefficient. The 

adaptive sharpening filter comprises a warping unit adapted to warp the prediction 

25 block based on the displacement vector. The adaptive parameter includes the 

sharpening strength coefficient. Thereby, the artifacts can be reduced while keeping 

signalling overhead limited. 

In an implementation form of the video decoder according to the third aspect, the 

30 adaptive parameter information and/or the sharpening filter information is extracted 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 

9 
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sharpening filter information and/or adaptive parameter information to a desired 

granularity so that the signalling can be optimized. 

A fourth aspect of the present invention provides a method for decoding an encoded 

5 video bit stream obtained by predictive coding of an original block of an original frame 

based on a prediction block obtained from a reconstructed reference frame. The 

method comprises a decoding step comprising reconstructing the reference frame from 

the encoded video bit stream. The method comprises storing the prediction block 

obtained from the reconstructed reference frame. The method comprises an adaptive 

10 sharpening filter step comprising applying a spatial adaptive sharpening filtering to the 

prediction block. 

Further features or implementations of the method according to the fourth aspect of the 

invention can perform the functionality of the video decoder according to the third 

15 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. 

20 

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 

25 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 

30 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 

10 
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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 

5 Fig. 1 shows an overview of a video coder for inter layer predictive coding according 

to the state of the art, 

Fig. 2 shows an overview of a video coder for inter layer predictive coding according 

to an embodiment of the present invention, 

10 

Fig. 3 shows an adaptive sharpening filter according to an embodiment of the present 

invention, 

Fig. 4 shows a video coder for inter layer predictive coding according to an 

15 

20 

embodiment of the present invention, 

Fig. 5 shows a video decoder for inter layer predictive coding according to an 

embodiment of the present invention, 

Fig. 6 shows a video coder for inter frame predictive coding according to an 

embodiment of the present invention, 

Fig. 7 shows a video decoder for inter frame predictive coding according to an 

embodiment of the present invention, 

25 

Fig. 8 shows a video coding method according to an embodiment of the present 

invention, and 

Fig. 9 shows a video decoding method according to an embodiment of the present 

30 invention. 

DETAILED DESCRIPTION OF EMBODIMENTS 

11 
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According to a general embodiment of the present invention, a video coder for 

predictive coding, into an encoded video bit stream, of an original block of an original 

frame based on a prediction block obtained from a reference frame is proposed. The 

video coder comprising a buffer configured to store the original block, a buffer 

5 configured to store the prediction block, and an adaptive sharpening filter configured 

to apply a spatial adaptive sharpening filtering to the prediction block. 

Particularly, for the predictive coding, into the encoded video bit stream, of a plurality 

of original blocks of the original frame based respectively on a plurality of prediction 

10 blocks obtained from the reference frame, the adaptive sharpening filter is configured 

to have the possibility to apply a different sharpening filtering to each of the plurality 

of prediction blocks. 

According to a general embodiment of the present invention, a video decoder for 

15 decoding an encoded video bit stream obtained by predictive coding of an original 

block of an original frame based on a prediction block obtained from a reconstructed 

reference frame is proposed. The video decoder comprises a decoding unit configured 

to reconstruct the reference frame from the encoded video bit stream, a buffer 

configured to store the prediction block obtained from the reconstructed reference 

20 frame, and an adaptive sharpening filter configured to apply a spatial adaptive 

sharpening filtering to the prediction block. 

Similarly, for the predictive decoding of a plurality of original blocks of the original 

frame based respectively on a plurality of prediction blocks obtained from the 

25 reconstructed reference frame, the adaptive sharpening filter is configured to have the 

possibility to apply a different sharpening filtering to each of the plurality of prediction 

blocks. 

Fig. 2 shows an overview of a video coder 200 according to an embodiment of the 

30 present invention. Particularly, Fig. 2 shows a video coder 200 for inter layer 

predictive coding of scalable video content comprising a base layer and at least one 

enhancement layer. 

12 
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The video coder 200 comprises a spatial enhancement layer 202 for receiving a video 

frame 201 and generating an encoded enhancement layer bitstream. The coder 200 

further comprises a downsampling filter 208 for generating a downsampled video 

frame 211 from the video frame 201, and a spatial base layer 212 for receiving the 

5 downsampled video frame 211 and for generating an encoded base layer bitstream. 

The coder 200 further comprises a multiplex unit 218 for multiplexing the encoded 

enhancement layer bitstream and the encoded base layer bitstream and generating an 

encoded video bit stream. 

10 The spatial base layer 212 comprises a temporal scalable coding unit 213 receiving the 

downsampled video frame 211, wherein the downsampled video frame 211 presents a 

lower resolution than the video frame 201. The output of the temporal scalable coding 

unit 213 is fed to a prediction unit 214 that provides a prediction signal based on the 

temporal scaled coded version of the downsampled video frame 211 to a base layer 

15 coding unit 215. An output of the base layer coding unit 215 is provided to a SNR 

scalable coding unit 216. Respective outputs of the base layer coding unit 215 and of 

the SNR scalable coding unit 216 are provided to the multiplex unit 218. 

The spatial enhancement layer 202 comprises successive units that are a temporal 

20 scalable coding unit 203 receiving the video frame 201, a prediction unit 204, a base 

layer coding unit 205, and a SNR scalable coding unit 206. Respective outputs of the 

base layer coding unit 205 and of the SNR scalable coding unit 206 are provided to the 

multiplex unit 218. The multiplex unit 218 generates the encoded video bit stream by 

multiplexing the outputs of the base layer coding unit 215, the SNR scalable coding 

25 unit 216, the base layer coding unit 205, and the SNR scalable coding unit 206. 

According to the present invention, the prediction block generated by the upsampling 

filter 217 is fed to an adaptive sharpening filter 219 configured to apply a spatial 

adaptive sharpening filtering to the prediction block. The output of the upsampling 

30 filter 217 of the spatial base layer 212 is a prediction block for an inter layer prediction 

coding of the video frame 201 of the spatial enhancement layer 202. The prediction 

block generated by the upsampling filter 217 as well as the sharpened prediction block 

generated by the adaptive sharpening filter 219 are preferably both transmitted to a 

switch 220 that is connected to the prediction unit 204 of the spatial enhancement layer 

13 
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202. The predictive coding of the video frame 201 of the spatial enhancement layer 

202 can be selectively based on the output of the upsampling filter 217 or on the output 

of the adaptive sharpening filter 219. 

5 In the followings, the invention will be described with respect to Figs. 4 and 5 showing 

respectively a video coder and decoder for inter layer predictive coding according to an 

embodiment of the present invention, and with respect to Figs. 6 and 7 showing 

respectively a video coder and decoder for inter frame predictive coding according to 

an embodiment of the present invention. Fig. 3 shows an embodiment of the adaptive 

10 sharpening filter of e.g. the video coder for inter layer predictive coding or the video 

coder for inter frame predictive coding of Figs. 4 and 6. 

Fig. 4 shows a video coder 400 according to an embodiment of the present invention, 

and particularly a video coder 400 for inter layer predictive coding of scalable video 

15 content comprising a base layer and at least one enhancement layer. 

The video coder 400 is suitable for predictive coding, into an encoded video bit stream, 

of an original block of an original frame based on a prediction block obtained from a 

reference frame. The video coder 400 comprises a buffer 401 configured to store the 

20 original block, a buffer 408 configured to store the prediction block, and an adaptive 

sharpening filter 409 configured to apply a spatial adaptive sharpening filtering to the 

prediction block. 

In the context of the inter layer predictive coding, the original frame is a frame of the 

25 enhancement layer, and the reference frame is a frame of a reconstructed base layer. 

The video coder 400 further on comprises an upsampling filter 407 configured to 

upsample the reconstructed base layer, i.e. to upsample the reference frame. The 

prediction block stored in the buffer 408 is a block of the upsampled reference frame. 

30 Particularly, the original frame is a frame of the enhancement layer that is currently 

encoded, and can e.g. be obtained from the video frame 201 of the video coder 200 of 

Fig. 2. On the other hand, the reference frame is a frame of the base layer that has been 

encoded and reconstructed. The reconstructed base layer frame can be obtained in 

video coder 200 of Fig. 2 by the spatial base layer 212 from the downsampled video 

14 



WO 2017/052407 PCT/RU2015/000612 

frame 211. In the followings, any reference to the feature "frame" may be replaced by 

a reference to the feature "picture". 

The original block stored in the buffer 401 and the prediction block stored in the buffer 

5 408, and more generally all blocks of the present invention, are preferably a respective 

area or sub-area of a frame. E.g. the original block is an area or sub-area of the original 

frame, while the prediction block is an area or sub-area of the upsampled reference 

frame as generated by the upsampling filter 407. Such a block may have a regular 

shape, like e.g. a rectangular shape, or an irregular shape. Alternatively, the block can 

10 have the same size as the frame. All blocks, and particularly the original block and the 

prediction block, have the same size. The size of the blocks can be defined by means 

of block mode information transmitted to a decoder as side information or signalling 

data of the encoded video bit stream. 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 

15 a frame, e.g. 64x64 pixels. 

Particularly, the video coder 400 comprises further units for supporting predictive 

video coding. For example, the video coder 400 comprises a transform and 

quantization unit 404 for generating transform coefficients via a transformation into 

20 the frequency domain and quantizing the coefficients, as well as an entropy encoder or 

entropy encoding unit 405 for entropy coding the quantized coefficients , for example, 

together with signalling data. The input of the transform and quantization unit 404 is a 

residual block that can be stored in a dedicated buffer 403. The residual block is 

generated by a subtracting unit 402 and is defined as the difference between the 

25 original block stored in the buffer 401 and either the prediction block stored in the 

buffer 408 or a sharpened prediction block generated by the adaptive sharpening filter 

409. 

The video coder 400 further comprises a control unit 410 and an encoding unit 414. 

30 The control unit 410 is configured to control at least one of a selective bypass of the 

adaptive sharpening filter 409 and a selective application of the adaptive sharpening 

filter 409. The encoding unit 414 is configured to add to the encoded video bit stream 

sharpening filter information reflecting the at least one of the selective bypass and the 

15 
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selective application of the adaptive sharpening filter 409. The sharpening filter 

information is preferably in the form of a sharpening applied/bypass flag. 

The adaptive sharpening filter 409 can be selectively bypassed and/or selectively 

5 applied by the control unit 410. In case the adaptive sharpening filter 409 is applied, 

the adaptive sharpening filter 409 generates the sharpened prediction block and the 

residual block is obtained by the difference of the original block and the sharpened 

prediction block that is outputted by the adaptive sharpening filter 409. In case the 

adaptive sharpening filter 409 is bypassed, the residual block is obtained by the 

10 difference of the original block and the prediction block that is stored in the buffer 408. 

Particularly, the control unit 410 is configured to control the at least one of the 

selective bypass and the selective application based on a minimization of the residual 

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

15 The cost criterion may be particularly applied to the residual block obtained from the 

sharpened prediction block that is outputted by the adaptive sharpening filter 409, and 

to the residual block obtained from the prediction block stored in the buffer 408. 

Depending on the result of the cost function, the adaptive sharpening filter 409 may be 

either applied or bypassed. 

20 

The decision of the control unit 410 to bypass or apply the adaptive sharpening filter 

409 can be transmitted as signalling data within the encoded video bit stream generated 

by the encoding unit or entropy encoding unit 405. The control unit 410 transmits the 

sharpening filter information to the encoding unit 414 that adds the sharpening filter 

25 information as signalling data in the encoded video bit stream generated by the 

encoding unit 405. 

Alternatively, the adaptive sharpening filter 409 can be always applied. This means 

that the residual block is always obtained by the difference of the original block and 

30 the sharpened prediction block that is outputted by the adaptive sharpening filter 409. 

It is obvious that in this case no additional signalling about appliance or bypassing of 

adaptive sharpening filter is required. 

16 
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The encoding unit 414 is particularly configured to encode the sharpening filter 

information using a context-adaptive binary arithmetic coding, CABAC. The video 

coder 400 comprises further an edge strength estimation unit 411, 412 configured to 

estimate an edge strength in the prediction block, and a CABAC context switch 413 

5 configured to select a context of the CABAC depending on the estimated edge 

strength. For example, the edge strength estimation unit 411, 412 comprises a first unit 

411 for building an edge map of the prediction block and a second unit 412 for 

estimating an edge strength of the edge map. 

10 Further on, the adaptive sharpening filter 409 is configured to be controlled by at least 

one adaptive parameter. The control unit 410 is configured to determine a parameter 

value of the adaptive parameter and supply the determined parameter value to the 

adaptive sharpening filter 409. The video coder 400 also comprises an encoding unit 

415 that is configured to add to the encoded video bit stream adaptive parameter 

15 information about the determined parameter value of the adaptive parameter. 

Particularly, the control unit 410 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 the residual block, or based on a cost criterion such as, for example, a 

20 rate distortion optimization. 

The decision about applying or bypassing the adaptive sharpening filter 409 and the 

decision about the value of the adaptive parameter, in case of sharpening filter 

applying, is signalled to a decoder of the encoded video bit stream by means of the 

25 sharpening filter information and adaptive parameter information. This signalling can 

be done for different parts or the video content. Thus, the adaptive parameter 

information and/or the sharpening filter information can be 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 

30 (sequence parameter set) level. The granularity of the adaptive parameter information 

and/or sharpening filter information can vary. 

An embodiment of the adaptive sharpening filter 409 is shown in Fig. 3. The adaptive 

sharpening filter 300 shown in Fig. 3 is preferably a non-linear filter. The usage of a 

17 



WO 2017/052407 PCT/RU2015/000612 

non-linear sharpening filter, instead of a linear filter, is preferable for removing 

artifacts caused by re-sampling filter and quantization of the reference frame. The 

choice of a non-linear filter can reduce the number of adaptive parameters of the 

adaptive sharpening filter 300. In particular, the non-linear filter can utilize only one 

5 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 the adaptive sharpening filter, an adaptive sharpening filter 

utilizing only one adaptive parameter is a particularly advantageous embodiment. 

10 Particularly, the adaptive sharpening filter 300 comprises an edge map calculation unit 

301, 302, a blurring filter 304, a high-pass filter 305, a scaling unit 306 and a warping 

unit 307. 

The edge map calculation unit 301, 302 is adapted to generate an edge map of a source 

15 block, said source block being the prediction block stored in the buffer 408 and being 

referred to as upsampled base layer block in Fig. 3. The blurring filter 304 is adapted 

to blur the edge map of the source block. The high-pass filter 305 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 306 is adapted to generate a 

20 displacement vector (wx, wy) by scaling the derivative vector (d2x, d2y) with a 

sharpening strength coefficient k. The warping unit 307 is adapted to warp the 

prediction block based on the displacement vector (wx, wy). 

Thereby, the adaptive parameter controlling the adaptive sharpening filter 300 is the 

25 sharpening strength coefficient k. The adaptive sharpening filter 300 shown in Fig. 3 is 

an embodiment of the present invention with only one adaptive parameter. 

The edge map calculation unit 301, 302 can comprise a gradient vector unit 301 

adapted to generate a gradient vector (dx, dy) for each position of the source block, and 

30 a gradient vector length unit 302 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 the scaling unit to generate the warping 

displacement vector. 
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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, by 

applying a corresponding Prewitt filter in accordance with the following equations: 

5 

-1 	0 	-1 

dx = 1 	0 	-1 * img 

dy 
 =[

1 

1 	0 	-1 
. 	_ 

1 	1 

0 	0 	0  *img 
-1 	-1 	-1 

The edge map can be obtained by the gradient vector length unit 302 by calculating the 

10 gradient vector length in accordance with the following equation: 

abs = \I
I dr2 + dy 2 

Advantageously, the sharpening filter 300 comprises a clipping unit 303 adapted to 

15 clip the edge map of the source block, said clipping unit 303 being located between the 

edge map calculation unit 301, 302 and the blurring filter 304. 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. 

20 The step of blurring of the clipped edge map can be obtained by a blurring filter 304 in 

form of a Gaussian filter that can be defined as follows: 

1 	4 	7 	4 	I 

4 	16 	26 	16 	4 

G = 7 	26 	41 	26 	7 

4 	16 	26 	16 	4 

1 	4 	7 	4 	1 

25 The high-pass filter is used to obtain, separately for d2x and d2y, the second 

derivative, for example according to the followings: 
19 



WO 2017/052407 PCT/RU2015/000612 

d 2x=[1 0 	-1] 

d 2y = 

1 

0 

-1 

5 The displacement vector (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 2x 

wy=k*d 2y 

10 

The warping unit 307 includes an interpolation filter that is e.g. a bi-linear 

interpolation filter. The warping unit 307 uses the displacement vector generated by 

the scaling unit 306. 

15 A subtracting unit 308 is adapted to build the difference between the sharpened 

prediction block generated by the warping unit 307 and the original block stored in the 

buffer 401, said original block corresponding to the block to be encoded. The 

subtracting unit 308 in fact generates the residual block. The adaptive sharpening filter 

300, or the control unit 410 controlling the adaptive sharpening filter 300, is adapted to 

20 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. 

Coming back to Fig. 4, the video coder 400 is configured to select, during an 

optimization, the most optimal adaptive parameter of the adaptive sharpening filter 

25 409, and the decision about applying or bypassing the adaptive sharpening filter for 

inter layer prediction could be done by minimum of prediction error or by cost 

(rate/distortion) criterion. 

The video coder 400 particularly presents a processing flow that can be as follows: 
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- The prediction block is obtained by reconstructing and upsampling a base layer 

frame. 

5 - The edge map of the prediction block is generated, for example, by the edge map 

calculation unit 301, 302 of the adaptive sharpening filter. Alternatively, the edge map 

can be generated by the unit 411 of the edge strength estimation unit 411, 412, said 

unit 411 being located outside of the adaptive sharpening filter 409. 

10 - The sharpening filter adaptation, i.e. the choice of the adaptive parameter, is 

performed. Advantageously, the generated edge map could be used for the filtering 

adaptation. 

- A decision is taken e.g. by the control unit 410 about the prediction type, the 

15 prediction type consisting in applying or bypassing the adaptive sharpening filter 409. 

The decision can be based on a prediction quality metric, for example, a minimum of 

the residual error, or on a cost criterion, for example, a rate/distortion based cost 

criterion. 

20 - The already generated edge map is used for estimating an edge strength in the 

prediction block. The edge strength is estimated e.g. by averaging the values of the 

edge map of the prediction block. 

- The estimated edge strength is used as context switch for CABAC and the prediction 

25 type consisting in applying or bypassing the adaptive sharpening filter 409 is encoded 

as sharpening filter information. In other words, the prediction type is compressed 

using CABAC with context switch controlled by edge strength. The context switch can 

be performed by comparison of the estimated edge strength with a given threshold. If 

the estimated edge strength is above the threshold then a first context is used. If the 

30 estimated edge strength is below the threshold, then a second context is used. In 

advantageous embodiments more than two levels of edge strength and more 

corresponding CABAC contexts may be used. 
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- If the adaptive sharpening filter 409 is applied, then the sharpening strength is 

encoded as adaptive parameter information. 

- Coefficients are calculated for the residual block by the transform and quantization 

5 unit 404, and the coefficients are encoded by the encoding unit 405. 

Fig. 5 shows a video decoder according to an embodiment of the present invention, 

and particularly a video decoder 500 for inter layer predictive decoding. 

10 The video decoder 500 is suitable for decoding an encoded video bit stream obtained 

by predictive coding of an original block of an original frame based on a prediction 

block obtained from a reconstructed reference frame. The video decoder 500 

comprises a decoding unit configured to reconstruct the reference frame from the 

encoded video bit stream, a buffer 514 configured to store the prediction block 

15 obtained from the reconstructed reference frame, and an adaptive sharpening filter 507 

configured to apply a spatial adaptive sharpening filtering to the prediction block. 

In the context of the inter layer predictive decoding, the original frame is a frame of the 

enhancement layer, and the reference frame is a frame of a reconstructed base layer. 

20 

25 

The video decoder 500 further on comprises an upsampling filter 513 configured to 

upsample the reconstructed base layer, i.e. to upsample the reference frame. The 

prediction block stored in the buffer 514 is a block of the upsampled reference frame. 

The video decoder 500 further on comprises a decoding unit 512 configured to extract, 

from the encoded video bit stream, sharpening filter information reflecting at least one 

of a selective bypass of the adaptive sharpening filter 507 and a selective application of 

the adaptive sharpening filter 507. The video decoder 500 comprises a control unit 508 

configured to control the at least one of the selective bypass and the selective 

application depending on the extracted sharpening filter information. The sharpening 

30 filter information may be in the form of a sharpening applied/bypass flag. 

Alternatively, the adaptive sharpening filter 507 may be always applied. 

Particularly, the decoding unit 512 is configured to decode the sharpening filter 

information according to a CABAC. The video decoder comprises an edge strength 
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estimation unit 510, 511 configured to estimate an edge strength in the prediction 

block. The video decoder comprises a CABAC context switch 509 configured to select 

a context of the CABAC depending on the estimated edge strength. Particularly, the 

edge strength estimation unit 510, 511 can comprise a first unit 511 for building an 

5 edge map of the prediction block, and a second unit 510 for estimating an edge 

strength based on the edge map. 

The adaptive sharpening filter 507 is particularly configured to be controlled by at least 

one adaptive parameter. Further on the video decoder comprises a decoding unit 506 

10 configured to extract, from the encoded video bit stream and particularly from the 

encoded enhancement layer bit stream, adaptive parameter information about a 

parameter value of the adaptive parameter. The control unit 508 is configured to 

control the adaptive sharpening filter 507 according to the extracted adaptive 

parameter information. 

15 

The adaptive sharpening filter 507 of the video decoder 500 preferably presents the 

same structure and the same units as the adaptive sharpening filter 300 shown in Fig. 

3, with the following differences. A difference between these two filters is that the 

adaptive sharpening filter 507 preferably does not comprise the subtracting unit 308. 

20 Further on, in the video decoder 500, the adaptive parameter, i.e. the coefficient k, is 

not set by means of the subtracting unit 308 and the minimization of the residual block. 

Instead, the adaptive parameter is set in the video decoder 500 preferably depending on 

the adaptive parameter information extracted as signalling data from the encoded bit 

stream. 

25 

The video decoder 500 may comprise further units that are a decoding unit 501 for 

decoding the received encoded enhancement video bit stream and to correspondingly 

obtain quantized residual transform coefficients. The quantized residual transform 

coefficients are fed to an inverse quantization and inverse transform unit 502 to 

30 generate a residual block stored in a buffer 503. The residual block is added by an 

adder 504 to the output of the controlling unit 508. Depending on the extracted 

sharpening filter information, the residual block is then added to the prediction block 

stored in the buffer 514, or to the sharpened prediction block outputted by the adaptive 
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sharpening filter 507. The output of the adder 504 is then a reconstructed block of the 

enhancement layer. 

The video decoder 500 particularly presents a processing flow that can be as follows: 

5 

- The prediction block is obtained by reconstructing and upsampling a base layer 

frame. 

- The edge map of the prediction block is generated, for example, by the edge map 

10 calculation unit 301, 302 of the adaptive sharpening filter. Alternatively, the edge map 

can be generated by the unit 511 of the edge strength estimation unit 511, 512, said 

unit 511 being located outside of the adaptive sharpening filter 509. 

- The generated edge map is used for estimating an edge strength in the prediction 

15 block. The edge strength is estimated e.g. by averaging the values of the edge map of 

the prediction block. 

- The estimated edge strength is used as context switch for CABAC and the prediction 

type consisting in applying or bypassing the adaptive sharpening filter 507, i.e. the 

20 sharpening filter information, is decoded. The context switch can be performed by 

comparison of the estimated edge strength with a given threshold. If the estimated edge 

strength is above the threshold then a first context is used. If the estimated edge 

strength is below the threshold, then a second context is used. In advantageous 

embodiments more than two levels of edge strength and more corresponding CABAC 

25 contexts may be used. 

- If, based on the sharpening filter information, it is determined that the adaptive 

sharpening filter 507 is applied, then the sharpening strength, i.e. the adaptive 

parameter information, is decoded. The adaptive sharpening filter 507 is applied with 

30 the decoded sharpening strength. The already generated edge map could be used for 

sharpening to save resources. 

- The residual block is decoded by means of the units 501, 502, 503. Depending on the 

sharpening filter information, the residual block is added to the prediction block or to 
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the sharpened prediction block to obtain a reconstructed block of the enhancement 

layer. 

Fig. 6 shows a video coder 600 for inter frame predictive coding according to an 

5 embodiment of the present invention. 

The video coder 600 is suitable for predictive coding, into an encoded video bit stream, 

of an original block of an original frame based on a prediction block obtained from a 

reference frame. The video coder 600 comprises a buffer 601 configured to store the 

10 original block, a buffer 608 configured to store the prediction block, and an adaptive 

sharpening filter 609 configured to apply a spatial adaptive sharpening filtering to the 

prediction block. 

In the context of the inter frame predictive coding of video content comprising 

15 subsequent frames, the original frame is one of the subsequent frames and the 

reference frame is one of the reconstructed subsequent frames. The video coder 600 

comprises a buffer 606 configured to store a reference block of the reference frame. 

20 

The video coder 600 comprises a motion estimation unit 616 configured to obtain a 

motion vector reflecting motion between the reference block and the original block, 

and a motion compensation unit 607 configured to generate the prediction block from 

the reference block based on the motion vector. 

The remaining structure and units of the video coder 600 are similar to the structure 

and units of the video coder 400. The video coder 600 comprises a control unit 610 

25 similar to the control unit 410. The video coder 600 comprises an encoding unit 614 

similar to the encoding unit 414. The video coder 600 comprises an edge strength 

estimation unit 611, 612 similar to the edge strength estimation unit 411, 412, and a 

CABAC context switch 613 similar to the CABAC context switch 413. The video 

coder 600 comprises an encoding unit 615 similar to the encoding unit 415. The video 

30 also similarly comprises a subtracting unit 602 for generating the residual block, a 

buffer 603 for the residual block, a transform and quantization unit 604 and an 

encoding unit 605 for coding quantized coefficients 
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A difference between the video coder 600 and the video coder 400 is that, instead of an 

upsampled base layer frame, a previously encoded frame is used as a reference frame. 

Further on, a motion compensation is applied for obtaining the prediction block. The 

motion compensation advantageously comprises a motion interpolation. 

5 

Alternatively to the structure of the video coder 400, the edge strength estimation unit 

611, 612 can estimate the edge strength of the reference block instead of estimate the 

edge strength of the prediction block. 

10 Also, the adaptive sharpening filter of Fig. 3 can be used as adaptive sharpening filter 

609 of the video coder 600. While the edge map calculation unit 301, 302 of the video 

coder 400 is adapted to generate an edge map of a source block being the prediction 

block, the source block of the adaptive sharpening filter of the video coder 600 can be 

either the prediction block or alternatively the reference block. According to this 

15 alternative, the displacement vector (wx, wy) is derived from the reference block and 

the warping is then applied to the prediction block using the obtained displacement 

vector, which is advantageous in that is saves computational resources on the coder 

side. 

20 Beside these differences and alternatives between the video coder 400 and 600, the 

further aspects described above with reference to the video coder 400 also apply to the 

video coder 600. 

The video coder 600 particularly presents a processing flow that can be as follows: 

25 

- The motion vector is obtained by a motion estimation procedure. 

- The edge map of the reference block is generated. 

30 - The sharpening filter adaptation, i.e. the choice of the adaptive parameter, is 

performed. Advantageously, the generated edge map could be used for the filtering. 

- A decision is taken e.g. by the control unit 610 about the prediction type, the 

prediction type consisting in applying or bypassing the adaptive sharpening filter 609. 
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The decision can be based on a prediction quality metric, for example, a minimum of 

the residual error, or on a cost criterion, for example, a rate/distortion based cost 

criterion. 

5 - The already generated edge map is used for estimating an edge strength of the 

reference block. The edge strength is estimated e.g. by averaging the values of the edge 

map of the reference block. 

- The estimated edge strength is used as context switch for CABAC and the prediction 

10 type consisting in applying or bypassing the adaptive sharpening filter 609 is encoded 

as sharpening filter information. The context switch can be performed by comparison 

of the estimated edge strength with a given threshold. If the estimated edge strength is 

above the threshold then a first context is used. If the estimated edge strength is below 

the threshold, then a second context is used. In advantageous embodiments more than 

15 two levels of edge strength and more corresponding CABAC contexts may be used. 

- If the adaptive sharpening filter 609 is applied, then the sharpening strength is 

encoded as adaptive parameter information. 

20 - Coefficients are calculated for the residual block by the transform and quantization 

unit 604, and the coefficients are encoded by the encoding unit 605. 

Fig. 7 shows a video decoder according to an embodiment of the present invention, 

and particularly a video decoder 700 for inter frame predictive decoding. 

25 

The video decoder 700 is suitable for decoding an encoded video bit stream obtained 

by predictive coding of an original block of an original frame based on a prediction 

block obtained from a reconstructed reference frame. The video decoder 700 

comprises a decoding unit configured to reconstruct the reference frame from the 

30 encoded video bit stream, a buffer 714 configured to store the prediction block 

obtained from the reconstructed reference frame, and an adaptive sharpening filter 707 

configured to apply a spatial adaptive sharpening filtering to the prediction block. 
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In the context of decoding an encoded video bit stream obtained by inter frame 

predictive coding of video content comprising subsequent frames, the original frame is 

one of the subsequent frames, and the reference frame is one of reconstructed 

subsequent frames. The video decoder 700 comprises a buffer 715 configured to store 

5 a reference block of the extracted reference frame, a decoding unit 716 configured to 

extract, from the encoded video bit stream, a motion vector reflecting motion between 

the reference block and the original block, and a motion compensation unit 713 

configured to generate the prediction block from the reference block based on the 

motion vector. 

10 

The video decoder 700 further on comprises a decoding unit 712 configured to extract, 

from the encoded video bit stream, sharpening filter information reflecting at least one 

of a selective bypass of the adaptive sharpening filter 707 and a selective application of 

the adaptive sharpening filter 707. The video decoder 700 comprises a control unit 708 

15 configured to control the at least one of the selective bypass and the selective 

application depending on the extracted sharpening filter information. The sharpening 

filter information may be in the form of a sharpening applied/bypass flag. 

Alternatively, the adaptive sharpening filter 707 may be always applied. 

20 Particularly, the decoding unit 712 is configured to decode the sharpening filter 

information according to a CABAC. The video decoder comprises an edge strength 

estimation unit 710, configured to estimate an edge strength based on edge map 

calculated by unit 711 using the reference block stored in the buffer 715. The video 

decoder comprises a CABAC context switch 709 configured to select a context of the 

25 CABAC depending on the estimated edge strength. Particularly, the edge strength 

estimation unit 710, 711 can comprise a first unit 711 for building an edge map of the 

reference block, and a second unit 710 for estimating an edge strength based on the 

edge map. 

30 The adaptive sharpening filter 707 is particularly configured to be controlled by at least 

one adaptive parameter. Further on the video decoder comprises a decoding unit 706 

configured to extract, from the encoded video bit stream, adaptive parameter 

information about a parameter value of the adaptive parameter. The control unit 708 is 
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configured to control the adaptive sharpening filter 707 according to the extracted 

adaptive parameter information. 

The adaptive sharpening filter 707 of the video decoder 700 preferably presents the 

5 

10 

same structure as the adaptive sharpening filter 609 of the video coder 600, with the 

following differences. A difference between these two filters is that the adaptive 

sharpening filter 707 preferably does not comprise the subtracting unit 308. Further on, 

in the video decoder 700, the adaptive parameter, i.e. the coefficient k, is not set by 

means of the subtracting unit 708 and the minimization of the residual block. Instead, 

the adaptive parameter is set in the video decoder 700 preferably depending on the 

adaptive parameter information extracted as signalling data from the encoded bit 

stream. 

The video decoder 700 may comprise further units that are a decoding unit 701 for 

15 decoding the received encoded video bit stream and to correspondingly obtain 

quantized residual transform coefficients. The quantized residual transform 

coefficients are fed to an inverse quantization and inverse transform unit 702 to 

generate a residual block stored in a buffer 703. The residual block is added by an 

adder 704 to the output of the controlling unit 708. Depending on the extracted 

20 sharpening filter information, the residual block is then added to the prediction block 

stored in the buffer 714, or to the sharpened prediction block outputted by the adaptive 

sharpening filter 707. The output of the adder 704 is then a reconstructed block of a 

given frame. 

25 The video decoder 700 particularly presents a processing flow that can be as follows: 

- The motion vector is obtained as signalling data from the encoded video bit stream. 

- An edge map is generated from the reference block. 

30 

- The generated edge map is used for estimating an edge strength of the reference 

block. The edge strength is estimated e.g. by averaging the values of the edge map. 
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- The estimated edge strength is used as context switch for CABAC and the prediction 

type consisting in applying or bypassing the adaptive sharpening filter 707, i.e. the 

sharpening filter information, is decoded. The context switch can be performed by 

comparison of the estimated edge strength with a given threshold. If the estimated edge 

5 strength is above the threshold then a first context is used. If the estimated edge 

strength is below the threshold, then a second context is used. In advantageous 

embodiments more than two levels of edge strength and more corresponding CABAC 

contexts may be used. 

10 - If, based on the sharpening filter information, it is determined that the adaptive 

sharpening filter 707 is applied, then the sharpening strength, i.e. the adaptive 

parameter information, is decoded. The adaptive sharpening filter 707 is applied with 

the decoded sharpening strength. The already generated edge map could be used for 

sharpening to save resources. 

15 

- The residual block is decoded by means of the units 701, 702, 703. Depending on the 

sharpening filter information, the residual block is added to the prediction block or to 

the sharpened prediction block to obtain a reconstructed block of a given frame. 

20 Fig. 8 shows a video coding method according to an embodiment of the present 

invention. 

The video coding method is a method 800 for predictive coding, into an encoded video 

bit stream, of an original block of an original frame based on a prediction block 

25 obtained from a reference frame. 

The method comprises storing 801 the original block. 

The method comprises storing 802 the prediction block. 

30 

The method comprises an adaptive sharpening filter step 803 comprising applying a 

spatial adaptive sharpening filtering to the prediction block. 
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Fig. 9 shows a video decoding method according to an embodiment of the present 

invention. 

The video coding method is a method 900 for decoding an encoded video bit stream 

5 obtained by predictive coding of an original block of an original frame based on a 

prediction block obtained from a reconstructed reference frame. 

The method comprises a decoding step 901 comprising reconstructing the reference 

frame from the encoded video bit stream. 

10 

The method comprises a step 902 of storing the prediction block obtained from the 

reconstructed reference frame. 

The method comprises an adaptive sharpening filter step 903 comprising applying a 

15 spatial adaptive sharpening filtering to the prediction block. 

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 

20 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 

25 dependent claims does not indicate that a combination of these measures cannot be 

used in an advantageous implementation. 
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Claims 

1. Video coder for predictive coding, into an encoded video bit stream, of an original 

block of an original frame based on a prediction block obtained from a reference 

5 frame, comprising: 

- a buffer configured to store the original block, 

- a buffer configured to store the prediction block, and 

- an adaptive sharpening filter configured to apply a spatial adaptive sharpening 

filtering to the prediction block, wherein the adaptive sharpening filter is a non-linear 

10 filter configured to be controlled by a single adaptive parameter.  

2. Video coder according to claim 1, wherein, for the predictive coding, into the 

encoded video bit stream, of a plurality of original blocks of the original frame based 

respectively on a plurality of prediction blocks obtained from the reference frame, the 

15 adaptive sharpening filter is configured to apply a different sharpening filtering to 

each of the plurality of prediction blocks.  

3. Video coder according to claim 1 or 2 for inter layer predictive coding of scalable 

video content comprising a base layer and at least one enhancement layer, 

20 wherein the original frame is a frame of an enhancement layer, and 

the reference frame is a frame of a reconstructed base layer, 

wherein the video coder comprises: 

- an upsampling filter configured to upsample the reference frame, the prediction block 

being a block of the upsampled reference frame.  

25 

4. Video coder according to claim 1 or 2 for inter frame predictive coding of video 

content comprising subsequent frames, 

wherein the original frame is one of the subsequent frames, and 

the reference frame is one of reconstructed subsequent frames, 

30 wherein the video coder comprises: 

- a buffer configured to store a reference block of the reference frame, 

- a motion estimation unit configured to obtain a motion vector reflecting motion 

between the reference block and the original block, and 
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- a motion compensation unit configured to generate the prediction block from the 

reference block based on the motion vector.  

5. Video coder according to any one of the preceding claims, comprising: 

5 - 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, and 

- an encoding unit configured to add to the encoded video bit stream sharpening filter 

information reflecting the at least one of the selective bypass and the selective 

application of the adaptive sharpening filter.  

10 

6. Video coder according to claim 5, 

wherein the encoding unit is configured to encode the sharpening filter information 

using a context-adaptive binary arithmetic coding, CABAC, 

wherein the video coder comprises: 

15 - an edge strength estimation unit configured to estimate an edge strength in the 

prediction block or a reference block of the reference frame, 

- a CABAC context switch configured to select a context of the CABAC depending on 

the estimated edge strength.  

20 7. Video coder according to any one of the claims 5 to 6, 

wherein the control unit 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 original block and the prediction block, or 

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

25 

8. Video coder according to any one of the preceding claims, 

wherein the video coder comprises: 

- a control unit configured to determine a parameter value of the adaptive parameter 

and supply the determined parameter value to the adaptive sharpening filter, and 

30 - an encoding unit configured to add to the encoded video bit stream adaptive 

parameter information about the determined parameter value of the adaptive 

parameter.  
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9. Video coder according to claim 8, 

wherein 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 

5 original block and the prediction block, or based on a cost criterion such as, for 

example, a rate distortion optimization.  

10. Video coder according to any one of the claims 8 to 9, 

wherein the adaptive sharpening filter comprises: 

10 - an edge map calculation unit adapted to generate an edge map of a source block, said 

source block being the prediction block or a reference block of the reference frame, 

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

- a high-pass filter adapted to generate, by high-pass filtering the blurred edge map, a 

derivative vector for each position of the source block, 

15 - a scaling unit adapted to generate a displacement vector by scaling the derivative 

vector with the sharpening strength coefficient (K), and 

- a warping unit adapted to warp the prediction block based on the displacement 

vector, 

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

20 

11. Video coder according to any one of claims 5 to 10, 

wherein the adaptive parameter information and/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 

25 parameter set) level or at an SPS (sequence parameter set) level.  

12. Method for predictive coding, into an encoded video bit stream, of an original 

block of an original frame based on a prediction block obtained from a reference 

frame, comprising: 

30 - storing the original block, 

- storing the prediction block, and 

- an adaptive sharpening filter step comprising applying a spatial adaptive sharpening 

filtering to the prediction block, wherein the adaptive sharpening filter step is 
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performed by a non-linear filter configured to be controlled by a single adaptive 

parameter.  

13. Video decoder for decoding an encoded video bit stream obtained by predictive 

5 coding of an original block of an original frame based on a prediction block obtained 

from a reconstructed reference frame, comprising: 

- a decoding unit configured to reconstruct the reference frame from the encoded video 

bit stream, 

- a buffer configured to store the prediction block obtained from the reconstructed 

10 reference frame, 

- an adaptive sharpening filter configured to apply a spatial adaptive sharpening 

filtering to the prediction block, wherein the adaptive sharpening filter is non-linear 

filter configured to be controlled by a single adaptive parameter.  

15 14. Video decoder according to claim 13 for decoding the encoded video bit stream 

obtained by inter layer predictive coding of scalable video content comprising a base 

layer and at least one enhancement layer, 

wherein the original frame is a frame of an enhancement layer, and 

the reference frame is a frame of a reconstructed base layer, 

20 wherein the video decoder comprises: 

- an upsampling filter configured to upsample the reconstructed reference frame, the 

prediction block being a block of the upsampled reference frame.  

15. Video decoder according to claim 13 for decoding the encoded video bit stream 

25 obtained by inter frame predictive coding of video content comprising subsequent 

frames, 

wherein the original frame is one of the subsequent frames, and 

the reference frame is one of reconstructed subsequent frames, 

wherein the video decoder comprises: 

30 - a buffer configured to store a reference block of the extracted reference frame, 

- a decoding unit configured to extract, from the encoded video bit stream, a motion 

vector reflecting motion between the reference block and the original block, and 

- a motion compensation unit configured to generate the prediction block from the 

reference block based on the motion vector.  
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16. Video decoder according to any one of the claims 13 to 15, comprising: 

- a decoding unit configured to extract, from the encoded video bit stream, sharpening 

filter information reflecting at least one of a selective bypass of the adaptive 

5 sharpening filter and a selective application of the adaptive sharpening filter, and 

- a control unit configured to control the at least one of the selective bypass and the 

selective application depending on the extracted sharpening filter information.  

17. Video decoder according to claim 16, 

10 wherein the decoding unit is configured to decode the sharpening filter information 

according to a context-adaptive binary arithmetic coding, CABAC, 

wherein the video decoder comprises: 

- an edge strength estimation unit configured to estimate an edge strength in the 

prediction block or a reference block of the reference frame, 

15 - a CABAC context switch configured to select a context of the CABAC depending on 

the estimated edge strength.  

18. Video decoder according to any one of the claims 13 to 17, wherein the video 

decoder comprises: 

20 - a decoding unit configured to extract, from the encoded video bit stream, adaptive 

parameter information about a parameter value of the adaptive parameter, and 

- a control unit configured to control the adaptive sharpening filter according to the 

extracted adaptive parameter information.  

25 19. Video decoder according to claim 18, wherein the adaptive sharpening filter 

comprises: 

- an edge map calculation unit adapted to generate an edge map of a source block, said 

source block being the prediction block or a reference block of the reference frame, 

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

30 - a high-pass filter adapted to generate, by high-pass filtering the blurred edge map, a 

derivative vector for each position of the source block, 

- a scaling unit adapted to generate a displacement vector by scaling the derivative 

vector with the sharpening strength coefficient (K), and 
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- a warping unit adapted to warp the prediction block based on the displacement 

vector, 

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

5 20. Video decoder according to any one of claims 16 to 19, 

wherein the adaptive parameter information and/or the sharpening filter information is 

extracted 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.  

10 

21. Method for decoding an encoded video bit stream obtained by predictive coding of 

an original block of an original frame based on a prediction block obtained from a 

reconstructed reference frame, comprising: 

- a decoding step comprising reconstructing the reference frame from the encoded 

15 video bit stream, 

- storing the prediction block obtained from the reconstructed reference frame, 

- an adaptive sharpening filter step comprising applying a spatial adaptive sharpening 

filtering to the prediction block, wherein the adaptive sharpening filter step is 

performed by a non-linear filter configured to be controlled by single adaptive 

20 parameter.  

22. Computer program having a program code for performing the method according to 

claim 12 or 21, when the computer program runs on a computing device.  
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