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(57) ABSTRACT 

An apparatus for intra predicting a block to be predicted of a 
picture from neighboring image samples sequentially extend­
ing along two rays starting at a common intersection point and 
pointing into different directions, the neighboring image 
samples including edge neighboring samples bordering the 
block to be predicted, includes a smoothing filter and a deter­
miner. The smoothing filter is configured to one-dimension­
ally filter the neighboring image samples, which are sequen­
tially arranged into a sequence by anti-parallelly traveling 
along a first one of the two rays and parallelly traveling along 
a second one of the two rays to obtain a filtered image sample 
sequence. The determiner is configured to determine a pre­
diction value for a predetermined image sample of the block 
to be predicted by using the filtered image sample sequence. 
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APPARATUS FOR INTRA PREDICTING A 
BLOCK,APPARATUSFOR 

RECONSTRUCTING A BLOCK OF A 
PICTURE,APPARATUS FOR 

RECONSTRUCTING A BLOCK OF A 
PICTURE BY INTRA PREDICTION 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a continuation of copending 
International Application No. PCT/EP2010/054836, filed 
Apr. 13, 2010, which is incorporated herein by reference in its 
entirety. 
[0002] Embodiments of the present invention relate to an 
apparatus for intra predicting a block of a picture. Further 
embodiments of the present invention relate to an apparatus 
for reconstructing a block of a picture by prediction. Further 
embodiments of the present invention relate to an apparatus 
for reconstructing a block of a picture by intra prediction. 
Embodiments of the present invention my be applicable in 
decoders and/or encoders, which are used in video coding. 

BACKGROUND OF THE INVENTION 

[0003] In the video coding of conventional-technology, the 
components of a video frame are predicted either by motion 
compensated prediction, using the reconstructed color com­
ponents of previous pictures, or by intra prediction, using 
previously reconstructed blocks of the same picture (see, for 
example, Thomas Wiegand, Gary J. Sullivan, Gisle Bjonte­
gaard, and Ajay Luthra: Overview of the H.264/AVC Video 
Coding Standard, IEEE Tran. on Circuits and Systems for 
Video Technology, Vol. 13, No. 7, pp. 560-576, July 2003). 
The residual signal, i.e. the difference between the original 
color components and the corresponding prediction signals, 
is usually coded using transform coding ( a combination of a 
decorrelating transform, quantization of transform coeffi­
cients, and entropy coding of the resulting quantization sym­
bols). When the picture is comprised of multiple color com­
ponents (planes), the prediction can either be done separately 
or can be grouped by sharing the prediction information 
(plane grouping). Motion compensated prediction can be 
done for some sub-regions of a picture (see, for example, 
Thomas Wiegand, Markus Flierl, and Bernd Girod: Entropy­
Constrained Design of Quadtree Video Coding Schemes, 
Proc. 6th IEE Intern. Conf. on Image Processing and its 
Applications, Dublin, Ireland, July 1997.2). Usually, the sub­
regions are rectangular blocks of samples. But it is also con­
ceptually possible to use the same motion parameters for an 
arbitrary set of samples. The motion parameters are included 
in the bitstream and transmitted to the decoder. It is possible 
to use arbitrary motion models. Commonly, the motion is 
modeled using a translational motion model, in which case a 
motion vector (2 parameters) specifying a displacement is 
transmitted for each region. Other common motion models 
include the affine motion model (6 parameters), 3-, 4-, and 
8-parameter models. The motion parameters can be transmit­
ted with arbitrary accuracy. For example, for the translational 
motion model, the motion vectors could be coded using full­
sample accuracy or sub-sample accuracy ( e.g. quarter-sample 
accuracy). In the first case, the prediction samples can be 
directly copied from the reconstructed pictures. In the case of 
sub-sample accurate motion vectors ( or general motion 
parameters), the prediction samples are interpolated using the 

1 
Feb. 7, 2013 

reconstructed samples. The state-of-the-art interpolation 
methods use FIR filtering. Recently, adaptive FIR filters (see, 
for example, Thomas Wedi, Adaptive Interpolation Filter for 
Motion Compensated Hybrid Video Coding, Proc. Picture 
Coding Symposium (PSC 2001), Seoul, Korea, April 2001) 
were proposed for improved motion compensated prediction. 
Any of the previously transmitted pictures can be used for 
motion compensation (see, for example, Thomas Wiegand, 
Xiaozheng Zhang, and Bernd Girod: Long-Term Memory 
Motion-Compensated Prediction, IEEE Transactions on Cir­
cuits and Systems for Video Technology, Vol. 9, No. 1, pp. 
70-84, February 1999). If the reference picture is not fixed by 
high-level parameters, reference indices can be transmitted to 
identify the used reference pictures. It is also possible to 
modify the prediction signal using a weighting factor and an 
offset ( often referred to as weighted prediction), or any other 
weighting function to obtain the final prediction signal. Fur­
thermore, several prediction signals can be combined to 
obtain the final prediction signal. This is often referred to as 
multi-hypothesis prediction (see, for example, Sullivan, G.; 
Multi-hypothesis motion compensation for low bit-rate video 
coding, IEEE International Conference onAcoustics, Speech 
and Signal Proc. Vol. 5, 1993). The combined prediction 
signal can, for example, be obtained by a weighted sum of 
different prediction signals. The individual prediction signals 
can stem from same or different upsampled reference pic­
tures. If two prediction signals are combined, the multi-hy­
potheses prediction is also referred to as bi-prediction (as 
supported in B-slices of modern video coding standards). It 
is, however, also possible to use more than two hypotheses. 
The entropy coding of the quantized transform coefficients 
can be done, for example, by variable-length coding or ( adap­
tive) arithmetic coding (see, for example, Detlev Marpe, 
Reiko Schwarz, and Thomas Wiegand: Context-BasedAdap­
tive Binary Arithmetic Coding in the H264/AVC Video Com­
pression Standard, IEEE Tran. on Circuits and Systems for 
Video Technology, Vol. 13, No. 7, pp. 620-636, July 2003). 
[0004] However, in video coding, there is a desire to 
improve a compression efficiency of the transmitted informa­
tion and to reduce a computational load in video coding. 

SUMMARY 

[0005] According to an embodiment, an apparatus for intra 
predicting a block to be predicted of a picture from neighbor­
ing image samples sequentially extending along two rays 
starting at a common intersection point and pointing into 
different directions, the neighboring image samples having 
edge neighboring samples bordering the block to be pre­
dicted, may have: a smoothing filter configured to one-dimen­
sionally filter the neighboring image samples sequentially 
arranged into a sequence by anti-parallelly traveling along a 
first one of the two rays and parallelly traveling along a 
second one of the two rays to achieve a filtered image sample 
sequence; and a determiner configured to determine a predic­
tion value for a predetermined image sample of the block to 
be predicted by using the filtered image sample sequence. 
[0006] According to another embodiment, an apparatus for 
reconstructing a block of a picture defined in a first precision 
by prediction may have: a reconstructor configured to recon­
struct reference image samples from a data stream at a second 
precision being equal to or greater than the first precision to 
achieve reconstructed reference image samples; an extractor 
configured to extract a transform coefficient block from the 
data stream; a predictor configured to determine predicted 
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image samples for the block from the reconstructed reference 
image samples at a third precision higher than the second 
precision; an inverse transformer configured to apply an 
inverse spectral decomposition transform to the transform 
coefficient block to achieve reconstructed residual sample 
values for the block at a fourth precision greater than the first 
precision; and wherein the reconstructor is further configured 
to reconstruct the block by summation of the predicted image 
samples and the reconstructed residual sample values at an 
increased precision equal to or greater than at least one of the 
third and fourth precisions and reducing a result of the sum­
mation having the increased precision down to the second 
precision. 

[0007] According to another embodiment, an apparatus for 
encoding a block of a picture defined in a first precision may 
have: a reconstructor configured to reconstruct reference 
image samples at a second precision being equal to or greater 
than the first precision to achieve reconstructed reference 
image samples; a predictor configured to determine predicted 
image samples for the block from the reconstructed reference 
image samples at a third precision higher than the second 
precision; a residual sample value determiner configured to 
compare the predicted image samples and original image 
samples of the block of the picture defined in the first preci­
sion to determine residual sample values for the block; a 
transformer configured to apply a spectral decomposition 
transform to the achieved residual sample values and use a 
quantization to achieve a transform coefficient block; an 
inverse transformer configured to apply an inverse spectral 
decomposition transform to the transform coefficient block to 
achieve reconstructed residual sample values for the block at 
a fourth precision greater than the first precision; wherein the 
reconstructor is further configured to achieve reconstructed 
image samples of the block by summation of the predicted 
image samples and the reconstructed residual sample values 
at an increased precision equal to or greater than at least one 
of the third and fourth precisions and reducing a result of the 
summation having the increased precision down to the second 
precision; and a data stream inserter configured to insert the 
transform coefficient block into a data stream. 

[0008] According to another embodiment, an apparatus for 
reconstructing a block of a picture by intra prediction may 
have: a reconstructor configured to determine reconstructed 
values of neighboring image samples of the picture, neigh­
boring the block from a data stream, at a first fixed point 
precision; an extractor configured to extract an intra-predic­
tion parameter from the data stream; and an intra predictor 
configured to determine a prediction value for a predeter­
mined image sample of the block from the reconstructed 
values of the neighboring image samples by performing an 
interpolation between the reconstructed values of the neigh­
boring image samples at an intersection between a line cross­
ing the predetermined image sample and extending in a pre­
determined direction selected from a set of possible 
directions in dependence of the intra-prediction parameter 
and a line along which the reconstructed neighboring image 
samples serially extend, with, for a subset of the possible 
directions, provisionally performing the interpolation at a 
second fixed point precision increased relative to the first 
fixed point precision by an amount depending on the prede­
termined direction and then rounding the prediction value to 
the first prediction. 
[0009] According to another embodiment, a method for 
intra predicting a block to be predicted of a picture from 
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neighboring image samples sequentially extending along two 
rays, starting at a common intersection point and pointing into 
a different direction, the neighboring image samples having 
edge neighboring samples bordering the block to be pre­
dicted, may have the steps of: one-dimensionally filtering the 
neighboring image samples sequentially arranged into a 
sequence by anti-parallelly traveling along a first one of the 
two rays and parallelly traveling along a second one of the two 
rays to achieve a filtered image sample sequence; and deter­
mining a prediction value for a predetermined image sample 
of the block to be predicted by using the filtered image sample 
sequence. 

[0010] According to another embodiment, a method for 
reconstructing a block of a picture defined in a first precision 
by prediction may have the steps of: reconstructing a refer­
ence image sample from a data stream at a second precision 
being equal to or greater than the first precision; extracting a 
transform coefficient block for the block from the data 
stream; determining predicted image samples for the block 
from the reconstructed reference image samples at a third 
precision higher than the second precision; applying an 
inverse spectral decomposition transform to the transform 
coefficient block to achieve reconstructed residual sample 
values for the block at a fourth precision greater than the first 
precision; and reconstructing the block by summation of the 
predicted image samples and the reconstructed residual 
sample values at an increased precision equal to or greater 
than at least one of the third and fourth precisions and reduc­
ing a result of the summation having the increased precision 
down to the second precision. 
[0011] According to another embodiment, a method for 
encoding a block of a picture defined in a first precision may 
have the steps of: reconstructing reference image samples at 
a second precision being equal or greater than the first preci­
sion; determining predicted image samples for the block from 
the reconstructed reference image samples at a third precision 
higher than the second precision; comparing the predicted 
image samples and original image samples of the block of the 
picture defined in the first precision to determine residual 
sample values for the block; applying a spectral decomposi­
tion transform to the achieved residual sample values and 
using a quantization to achieve a transform coefficient block; 
applying an inverse spectral decomposition transform to the 
transform coefficient block to achieve the reconstructed 
residual sample values for the block at a fourth precision 
greater than the first precision; achieving reconstructed image 
samples of the block by summation of the predicted image 
samples and the reconstructed residual sample values at an 
increased precision equal to or greater than at least one of the 
third and fourth precisions and reducing a result of the sum­
mation having the increased precision down to the second 
precision; and inserting the transform coefficient block into a 
data stream. 

[0012] According to another embodiment, a method for 
reconstructing a block of a picture by intra prediction may 
have the steps of: determining reconstructed values of neigh­
boring image samples of the picture, neighboring the block 
from a data stream at a first fixed point precision; extracting an 
intra-prediction parameter from the data stream; and deter­
mining a prediction value for a predetermined image sample 
of the block from the reconstructed values of the neighboring 
image samples by performing an interpolation between the 
reconstructed values of the neighboring image samples at an 
intersection between a line crossing the predetermined image 
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sample and extending in a predetermined direction selected 
from a set of possible directions in dependence of the intra­
prediction parameter and a line along which the reconstructed 
neighboring image samples serially extend, with, for a subset 
of the possible directions, provisionally performing the inter­
polation at a second fixed point precision increased relative to 
the first fixed point precision by an amount depending on the 
predetermined direction and then rounding the prediction 
value to the first precision. 

[0013] Another embodiment may have a computer read­
able digital storage medium having stored thereon a computer 
program having a program code for performing, when run­
ning on a computer, a method for intra predicting a block to be 
predicted of a picture from neighboring image samples 
sequentially extending along two rays, starting at a common 
intersection point and pointing into a different direction, the 
neighboring image samples having edge neighboring 
samples bordering the block to be predicted, which method 
may have the steps of: one-dimensionally filtering the neigh­
boring image samples sequentially arranged into a sequence 
by anti-parallelly traveling along a first one of the two rays 
and parallelly traveling along a second one of the two rays to 
achieve a filtered image sample sequence; and determining a 
prediction value for a predetermined image sample of the 
block to be predicted by using the filtered image sample 
sequence. 

[0014] Another embodiment may have a computer read­
able digital storage medium having stored thereon a computer 
program having a program code for performing, when run­
ning on a computer, a method for reconstructing a block of a 
picture defined in a first precision by prediction, which 
method may have the steps of: reconstructing a reference 
image sample from a data stream at a second precision being 
equal to or greater than the first precision; extracting a trans­
form coefficient block for the block from the data stream; 
determining predicted image samples for the block from the 
reconstructed reference image samples at a third precision 
higher than the second precision; applying an inverse spectral 
decomposition transform to the transform coefficient block to 
achieve reconstructed residual sample values for the block at 
a fourth precision greater than the first precision; and recon­
structing the block by summation of the predicted image 
samples and the reconstructed residual sample values at an 
increased precision equal to or greater than at least one of the 
third and fourth precisions and reducing a result of the sum­
mation having the increased precision down to the second 
precision. 

[0015] Another embodiment may have a computer read­
able digital storage medium having stored thereon a computer 
program having a program code for performing, when run­
ning on a computer, a method for encoding a block of a picture 
defined in a first precision, which method may have the steps 
of reconstructing reference image samples at a second preci­
sion being equal or greater than the first precision; determin­
ing predicted image samples for the block from the recon­
structed reference image samples at a third precision higher 
than the second precision; comparing the predicted image 
samples and original image samples of the block of the pic­
ture defined in the first precision to determine residual sample 
values for the block; applying a spectral decomposition trans­
form to the achieved residual sample values and using a 
quantization to achieve a transform coefficient block; apply­
ing an inverse spectral decomposition transform to the trans­
form coefficient block to achieve the reconstructed residual 
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sample values for the block at a fourth precision greater than 
the first precision; achieving reconstructed image samples of 
the block by summation of the predicted image samples and 
the reconstructed residual sample values at an increased pre­
cision equal to or greater than at least one of the third and 
fourth precisions and reducing a result of the summation 
having the increased precision down to the second precision; 
and inserting the transform coefficient block into a data 
stream. 
[0016] Another embodiment may have a computer read­
able digital storage medium having stored thereon a computer 
program having a program code for performing, when run­
ning on a computer, a method for reconstructing a block of a 
picture by intra prediction, which method may have the steps 
of: determining reconstructed values of neighboring image 
samples of the picture, neighboring the block from a data 
stream at a first fixed point precision; extracting an intra­
prediction parameter from the data stream; and determining a 
prediction value for a predetermined image sample of the 
block from the reconstructed values of the neighboring image 
samples by performing an interpolation between the recon­
structed values of the neighboring image samples at an inter­
section between a line crossing the predetermined image 
sample and extending in a predetermined direction selected 
from a set of possible directions in dependence of the intra­
prediction parameter and a line along which the reconstructed 
neighboring image samples serially extend, with, for a subset 
of the possible directions, provisionally performing the inter­
polation at a second fixed point precision increased relative to 
the first fixed point precision by an amount depending on the 
predetermined direction and then rounding the prediction 
value to the first precision. 
[0017] Embodiments according to a first aspect of the 
present invention provide an apparatus for intra predicting a 
block to be predicted of a picture from neighboring image 
samples. The image samples extend sequentially along two 
rays starting from a common intersection point and pointing 
into different directions, the neighboring image samples com­
prise edge neighboring samples, which border the block to be 
predicted. The apparatus comprises a smoothing filter and a 
determiner. The smoothing filter is configured to one-dimen­
sionally filter the neighboring image samples sequentially 
arranged into a sequence by anti-parallelly traveling along a 
first one of the two rays and travelling antiparallely along a 
second one of the two rays, to obtain a filtered image sample 
sequence. The determiner is configured to determine the pre­
diction value for a predetermined image sample of the block 
to be predicted by using the filtered image sample sequence. 
[0018] It is an idea of embodiments according to the first 
aspect of the present invention, that a compression efficiency 
in video coding can be improved if a smoothing filter is used 
for filtering reference image samples (the neighboring image 
samples). It has been found, that an influence of outliers 
within the reference image sample can be reduced by using 
the smoothing filter. An advantage of embodiments according 
to the first aspect of the present invention, is therefore that by 
using the smoothing filter, outliers within the reference image 
samples do not negatively effect an intra prediction result. A 
resulting residual signal can therefore be reduced and repre­
sented with less bits than without the smoothing filter. Fur­
thermore, by one-dimensionally filtering the reference image 
samples, a computational overhead is kept reasonable. 
[0019] Embodiments according to a second aspect of the 
present invention provide an apparatus for reconstructing a 
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block of a picture defined in a first precision by prediction. 
The apparatus comprises a reconstructor, an extractor, a pre­
dictor and an inverse transformer. The reconstructor is con­
figured to reconstruct reference image samples from a data 
stream at a second precision being equal to or greater than the 
first precision. The extractor is configured to extract a trans­
form coefficient block for the block of the picture from the 
data stream. The predictor is configured to determine pre­
dicted image samples for the block of the picture from the 
reconstructed reference image samples at a third precision, 
which is higher than the second precision. The inverse trans­
former is configured to apply an inverse spectral decomposi­
tion transform to the transform coefficient block to obtain 
residual sample values for the block at a further precision, 
which is greater than the first precision. The reconstructor is 
further configured to reconstruct the block of the picture by 
surmnation of the predicted image samples and the residual 
sample values at an increased precision equal to or greater 
than at least one of the third and fourth precisions, and reduc­
ing a result of the summation having the increased precision 
down to the second precision. 

[0020] A precision may, for example, be a fixed point pre­
c1s10n. 

[0021] It is an idea of embodiments according to the second 
aspect of the present invention, that a compression efficiency 
in video coding can be improved, if a prediction and a recon­
struction for a block of a picture to be predicted is performed 
in a higher precision, then the picture is defined. It has been 
found that by using a higher precision in the determination of 
predicted image samples for the block and in the reconstruc­
tion of the block, than using a precision in which the picture 
is defined residual sample values for the block can be reduced 
and, therefore, represented with less bits in a transmission. An 
advantage of embodiments according to the second aspect of 
the present invention is that by predicting and reconstructing 
in a higher precision than the picture is defined, a more precise 
prediction and reconstruction can be obtained, leading to a 
smaller residual information for the block. 

[0022] Embodiments according to a third aspect of the 
present invention provide an apparatus for reconstructing a 
block of a picture by intra prediction. The apparatus com­
prises a reconstructor, an extractor and an intra predictor. The 
reconstructor is configured to determine reconstructed values 
of neighboring samples of the picture, which neighbor the 
block from a data stream, at a first fixed point precision. The 
extractor is configured to extract an intra prediction parameter 
from the data stream. The intra predictor is configured to 
determine a prediction value for a predetermined image 
sample of the block from the reconstructed values of the 
neighboring image. The intra predictor is configured to deter­
mine the prediction value by performing an interpolation 
between the reconstructed values of the neighboring image 
samples at an intersection between a line crossing the prede­
termined image samples and extending in a predetermined 
direction selected from a set of possible directions in depen­
dence of the intra prediction parameter, and a line along 
which the reconstructed neighboring image samples serially 
extend. The intra predictor is further configured to, for a 
subset of the possible directions, perform the interpolation at 
a second fixed point precision increased relative to the first 
fixed point precision by an amount depending on the prede­
termined direction and then rounding the prediction value to 
the first prediction. 
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[0023] It is an idea of embodiments according to the third 
aspect of the present invention, that a computational load in 
video coding can be reduced, if an interpolation used to 
determine a prediction value for an image sample of a block 
to be predicted by intra prediction is performed at a fixed 
point precision, depending on a predetermined direction, 
which is dependent from an intra prediction parameter for the 
block. It has been found, that by performing an interpolation 
of each block, which has to be predicted by intra prediction 
dependent on an intra prediction parameter of the block 
instead of performing the interpolation for each block the 
same, a computational load for performing the interpolation 
can be reduced. An advantage of embodiments according to 
the third aspect of the present invention is that a computa­
tional load for determining an intra prediction of a block of a 
picture is reduced by performing an interpolation at a preci­
sion determined by an intra prediction parameterof the block. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0024] Embodiments of the present invention will be 
detailed subsequently referring to the appended drawings, in 
which: 
[0025] FIG. 1 shows a block diagram of a video encoder 
according to an embodiment of the present invention; 
[0026] FIG. 2 shows a block diagram of a video decoder 
according to a further embodiment of the present invention; 
[0027] FIG. 3 shows a block to be predicted with neighbor­
ing reference samples; 
[0028] FIG. 4 shows an example, which illustrates how to 
determine interpolation points; 
[0029] FIG. 5 shows a table with different parameters used 
for intra prediction performed by the video encoder from FIG. 
1 and the video decoder from FIG. 2; 
[0030] FIG. 6 showsanexampleonhowtopredictanimage 
sample using the table from FIG. 5; 
[0031] FIG. 7 shows a block diagram of an apparatus 
according to an embodiment according to the first aspect of 
the present invention; 
[0032] FIG. 8 shows an apparatus according to an embodi­
ment according to the second aspect of the present invention; 
[0033] FIG. 9 shows a block diagram of an apparatus 
according to a further embodiment according to the second 
aspect of the present invention; and 
[0034] FIG. 10 shows a block diagram of an apparatus 
according to the third aspect of the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

[0035] Before embodiments of the present invention will be 
explained in greater detail in the following on the basis of the 
Figs., it is to be pointed out that the same or functionally equal 
elements are provided with the same reference numerals in 
the figures and that a repeated description of these elements 
shall be omitted. Hence, the description of the elements pro­
vided with the same reference numerals is mutually inter­
changeable and/or applicable in the various embodiments. 
[0036] FIG. 1 shows a block diagram of a video encoder 
100 according to an embodiment of the present invention. The 
video encoder 100 comprises a residual information deter­
miner 110, a transformer 120, a data stream inserter 130, an 
inverse transformer 140, a reconstructor 150 and a predictor 
160. The predictor 160 comprises a smoothing filter 162 and 
a determiner 164. 
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[0037] As mentioned in the introductory of this application, 
a block of a picture, may be predicted using intra prediction or 
inter prediction. In the following, the main focus is lying on 
intra prediction, but embodiments of the present invention 
may be also configured to perform in inter prediction. The 
predictor 160 of the video encoder 100 is configured to deter­
mine a prediction 166 for a block 102 which has to be coded 
of the current picture ofa video. The predictor 160 determines 
the prediction 166 for the block 102 based on reconstructed 
samples 152, which have been encoded before the current 
block. In the case of intra prediction, the reconstructed 
samples 152 are neighboring samples bordering the block 
102 to be coded of the same picture like the block 102. In the 
predictor 160 the reconstructed samples 152 are filtered using 
the smoothing filter 162 to suppress outliers within the recon­
structed samples 152, such that these outliers do not nega­
tively affect (or only insignificantly negatively affect) the 
prediction 166 for the block 102. The smoothing filter 162 
may, for example, be an FIR filter. The FIR filter may, for 
example, be a three tap FIR filter. The smoothing filter 162 
determines filter reconstructed samples 168 of the recon­
structed samples 152. A precision of the filtered reconstructed 
sample 168 may be higher than a precision of the recon­
structed samples 152. The filtered reconstructed samples 168 
may then be used by the determiner 164 of the predictor 160 
to determine the prediction 166 for the block 102. The deter­
miner 164 may compare original image samples of the block 
102 with the filtered reconstructed samples 168 (which are 
bordering the block 102, and therefore neighboring edge 
image samples of the block 102) and determine an intra 
prediction parameter 169, which may define a prediction 
direction out of a set of possible prediction directions. A value 
of an image sample of the block 102 may be a value of one of 
the filtered reconstructed samples 168 or an interpolation of 
multiple values of the filtered reconstructed samples 168. 
Image samples of the block 102, lying on a common predic­
tion line (pointing to the defined prediction direction) may 
have equal values. The determiner 164 determines then by 
combining the intra prediction parameter 169 with the filtered 
reconstructed samples 168, the prediction 166 for the block 
102. A precision of the prediction 166 may be increased 
compared to the precision of the filtered reconstructed 
samples 168. This concept of intra predicting is explained in 
this application later on in more detail by using the FIGS. 3 to 
6. 

[0038] The residual information determiner 110 is config­
ured to compare the prediction 166 for the block 102 with the 
( original) block 102 to determine a residual information 112 
for the block 102. The residual information 112 determines 
the difference of the ( original) block 102 and its prediction 
166. As described before by using the smoothing filter 162 to 
filter the reconstructed samples 152 and by having an 
increased precision of the prediction 166 compared to the 
reconstructed samples 152 the residual information 112 can 
be kept smaller, than without using the smoothing filter 162 
and with using the same precision of the prediction 166 com­
pared to the reconstructed samples 152. The residual infor­
mation 112 can, therefore, be represented by fewer bits. The 
transformer 120 may transform the residual information 112 
and quantize the resulting transform coefficients to obtain a 
transform coefficient block 122. A quality loss (if any) in the 
video encoder 100 occurs in the quantization of the transform 
coefficients. The transform coefficient block 122 may then 
together with the intra prediction parameter 169 be inserted 
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into a data stream 132 by the data stream inserter 130. The 
data stream 132 may be transmitted to a video decoder in 
which the block 102 may be reconstructed. The transform 
coefficient block 122 comprising the quantized transform 
coefficients representing the residual information 112 may be 
inverse transformed by the inverse transformer 140 to obtain 
reconstructed residual information 142 for the block 102. The 
reconstructed residual information 142 may show a loss com­
pared to the residual information 112 because of the quanti­
zation of the transform coefficients in the transformer 120. 
The reconstructed residual information 142 are also available 
in a video decoder decoding the data stream 132. The recon­
structed residual information 142 may be used by the recon­
structor 150 in conjunction with the prediction 166 for the 
block 102 to obtain reconstructed samples 152 of the block 
102, which then may be used as reference samples for a 
following block, which has to be predicted. 

[0039] The video encoder 100 may further be configured to 
perform inter prediction. The predictor 160 may therefore, for 
example, be configured to determine if the block 102 should 
be interpredicted or intrapredicted. If the predictor 160 
decides that the block 102 has to be interpredicted, the recon­
structed samples 152 used to determine the prediction 166 of 
the block would be samples of previously encoded pictures. 
Furthermore, the predictor 160 would be configured to obtain 
an inter prediction parameter (for example a motion informa­
tion for the block 102), which then would be inserted into the 
data stream 132 by the data stream inserter 130. 
[0040] FIG. 2 shows a video decoder 200 according to a 
further embodiment of the present invention. The video 
decoder 200 comprises an extractor 210, an inverse trans­
former 140, a reconstructor 150 and a predictor 160'. The 
video decoder 200 may be configured to decode the block 
102, which may have been encoded with the video encoder 
100 according to FIG. 1. The same reference numerals used in 
FIG. 2 like in FIG. 1, determine equal or similar elements in 
the video decoder 200 as in the video encoder 100. The 
extractor 210 is configured to extract the transform coefficient 
block 122 for the block 102 and the intra prediction parameter 
169 for the block 102 from the data stream 132 (which, for 
example, is provided by the video encoder 100). The inverse 
transformer 140 obtains (like the inverse transformer 140 of 
the video encoder 100) the reconstructed residual information 
142 for the block 102. The predictor 160' is configured to 
determine the prediction 166 for the block 102 by using the 
reconstructed samples 152 (which, for example, are previ­
ously decoded neighboring image samples, neighboring the 
block 102). The reconstructed samples 152 are filtered by 
using a smoothing filter 162 of the predictor 160' to obtain the 
filtered reconstructed samples 168. A determiner 164' of the 
predictor 160' may then obtain the prediction 166 for the 
block 102 based on the intra prediction parameter 169 for the 
block 102 and the filtered reconstructed samples 168. The 
determiner 164' may determine the prediction 166 for the 
block 102 on the same way like the determiner 164 of the 
video encoder 100. The determiner 164' may therefore be a 
reduced version of the determiner 164 of the video encoder 
100. The determiner 164 of the video encoder 100 is, as 
mentioned before, further configured to obtain the intra pre­
diction parameter 169 for the block 102. 
[0041] The prediction 166 for the block 102 may then 
together with the reconstructed residual information 142 for 
the block 102 be combined by the reconstructor 150 to obtain 
a reconstructed version of the block 102 or reconstructed 
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samples of the block 102. This reconstructed samples of the 
block 102, may be used again as reference samples for fol­
lowing blocks, which have to be decoded. Furthermore, the 
reconstructed samples of the block may be sent to a video 
output device, like a display. A precision of the reconstructed 
samples 152 obtained by the reconstructor 150 may be higher 
than the precision in which the block 102 is defined and, 
therefore, a rounding of the reconstructed samples 152 may 
be applied before sending the reconstructed samples 152 to 
the output device. Furthermore, as mentioned before, a pre­
cision of the filtered reconstructed samples 168 may be higher 
as the precision of the reconstructed samples 152 and a pre­
cision of the prediction 166 may be higher than a precision of 
the filtered reconstructed samples 168. A precision of the 
reconstructed residual information 142 may be higher than 
the precision in which the block 102 is defined. 

[0042] Like the video encoder 100, the video decoder 200 
may also be configured to perform inter prediction. The video 
encoder 100 may configured be to signal, within the data 
stream 132 if the block 102 is interpredicted or intrapredicted. 
The extractor 210 may extract this information out of the data 
stream 132 and the predictor 160' may depending on this 
information perform intra prediction or inter prediction to 
obtain the prediction 166 for the block 102. 

[0043] The extractor 210 may be further configured to 
extract an inter prediction parameter for the block 102 (for 
example a motion information), which then may be used by 
the determiner 164' to obtain the prediction 166 for the block 
102. The reconstructed samples 152, which are used in the 
predictor 160' to obtain the prediction 166 for the block 102 
may in the inter prediction case be reconstructed samples of 
previously decoded pictures. 

[0044] In the following, a concept for directional inter pre­
diction with increased precision for arbitrary size blocks of 
images of video data, which may be employed in the video 
encoder 100 and in the video decoder 200 is explained in 
more detail by using the FI GS. 3 to 6. As mentioned before, as 
reference sample for the intra prediction scheme already 
coded and reconstructed samples 152 of the same picture are 
used. FIG. 3 shows a block O of size nxm to be predicted 
together with its neighboring reconstructed samples 152. The 
original block Oto be predicted consists of the nxm array of 
samples: 

[0045] The block O corresponds to block 102 which has 
been used in the description of the video encoder 100 and the 
video decoder 200. 

[0046] A block P of samples that forms the prediction of the 
original block O is denoted as an nxm array: 

r 

Po.o 

P= : 

Pn-1,0 

[0047] The block P corresponds to the prediction 166 
which has been used in the description of the video encoder 
100 and the video decoder 200. 
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[0048] The reconstructed sample values 152 of preceding 
blocks (in encoding and decoding order) relative to the cur­
rent block O will be used as reference samples 152 for the 
prediction block P. 
[0049] The preceding blocks are blocks of the same picture 
like the current block 0. FIG. 3 shows the reconstructed 
sample values 152 that are potentially available for referenc­
ing. In particular, these are the left neighboring reconstructed 
sample values consisting of the vector 1=[10 ... In-I ... ]r, the 
top neighboring reconstructed sample values consisting of 
the vector t=[t0 ... tm-l ... ]r, and the top-left neighboring 
reconstructed sample value a. 
[0050] For the derivation process of the elements ( of the 
image samples) Px,y of the prediction array P (the prediction 
block P), all samples are assumed to be sample values that 
recite on a square grid with constant distance d between 
horizontally and vertically neighboring samples. Further­
more, two rays are defined that both start at the grid point of 
the neighboring value a. The first ray is denoted as a top 
reference ray 310 and it crosses all grid points of the top 
neighbors (vector t), the second ray is denoted as a left refer­
ence ray 320 and it crosses all grid points of the left neighbors 
(vector I). The elements of the vectors t and I together with the 
value a define a new reference vector q=[ ... In-I ... 10 a t0 . 

. . tm-l ... f where neighboring values on the square grid are 
also neighboring elements in q. This reference vector q forms 
the reconstructed samples 152, used for determining the pre­
diction 166 of the block 102 which have been used in the 
description of the video encoder 100 and the video decoder 
200. In other words, the reconstructed samples 152 are neigh­
boring samples, which are sequentially arranged into a 
sequence (the reference vector q). The first element of the new 
reference vector q is the last element of the vector I and the last 
element of the reference vector q is the last element of the 
vector t or vice versa. 
[0051] For deriving the prediction 166 for the block 102, 
three or four parameters may be chosen. The first parameter is 
the number of bits k by which the bit depth ( of the recon­
structed samples 152) is increased for calculating the predic­
tion 166 for the block 102. The second parameter is a rational 
valued sloper for determining the dominant prediction direc­
tion and the third parameter is an interpolation filter. The 
slope r may also be equal to plus infinity in which case it is 
assumed that its related prediction direction line is parallel to 
the left reference ray 320. The slope r may also be equal to 
zero in which case it is assumed that its related prediction 
direction line is parallel to the top reference ray 310. If the 
slope r is positive, a fourth (binary) parameter needs to be 
specified, which determines from which of the two reference 
rays the prediction 166 for the block 102 is to be predicted, 
which will be described in more detail later. 
[0052] According to some embodiments, given the neigh­
boring reconstructed reference sample values 152 as ele­
ments of the vector q, a new reference vector 4 is formed by 
multiplying each element ( each image sample) of q with 2k or 
equivalently, by shifting left each element of q by k bits to get 
an increased bit-depth representation of the reference 
samples (of the reconstructed samples 152). 
[0053] As it can be seen from FIG. 3, elements of the vector 
I and elements of the vectort may be not available, for obtain­
ing the prediction 166 for the block 102, because these ele­
ments may not have been coded yet. For example, the ele­
ments tm and tm+l of the vector t may not be available and/or 
the elements In and ln+l of the vector I may not be available. 
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Therefore, elements of q that stem from preceding blocks that 
are coded ( encoded or decoded) before block 102 are marked 
as available. All other elements of q are marked as not avail­
able (for example the elements tm, tm+l and/or In, lm+i)- Addi­
tionally, rules may be defined to change the marking for 
certain elements of q from available to not available. This can 
be beneficial in order to limit the complexity of deriving q or 
to improve the error resilience. Elements of q that are marked 
as not available are interpolated or extrapolated based on 
values in q that are marked as available. Such that for every 
element of q exists a value. 

[0054] For each point of the top reference ray 310 and the 
left reference ray 320 an interpolated value (which may be 
between grid points of the elements of the vectors I and t) can 
be calculated by applying a chosen interpolation filter to q. 
For calculating an individual value Px,y of the prediction array 
P, a prediction line 410 (which is shown in FIG. 4) with the 
slope r is drawn through the grid point of the corresponding 
original sample ox,y (in the example in FIG. 4 through on- 1 ,2 ). 

If the slope r is negative, the corresponding prediction line 
410 crosses only one of both reference rays ( or goes through 
the point a). In this case, the value of Px,y is the interpolated 
value at the crossing point of the corresponding reference ray 
(the left reference ray 320 or the top reference ray 310) and 
the prediction line 410 crosses. If the sloper is positive (like 
in the example shown in FIG. 4), the prediction line 410 
crosses both reference rays (the left reference ray 320 and the 
top reference ray 310). In this case, as mentioned before, a 
further binary parameter needs to be specified that decides 
whether to use the left reference ray 320 or the top reference 
ray 310 for prediction, i.e. for the prediction of the value Px,y· 
Then, the value of Px,y is the interpolated value at the crossing 
point of the prediction line 410 with the specified reference 
ray. The crossing point may lie between grid points of the 
vector t or vector I. This crossing point has therefore be 
interpolated (by using values of the elements of the vector I 
and/or the vector t). In the specific case where the slope r 
equals to infinity, the corresponding prediction line 410 is 
parallel to the left reference ray 320. In the specific case where 
the slope r equals to zero, the corresponding prediction line 
410 is parallel to the top reference ray 310. The prediction line 
410 crosses in these two specific cases the left reference ray 
320 or the top reference ray 310 in grid points of elements of 
the vector I or of elements of the vector t. The corresponding 
prediction value Px,y may therefore be a value of the corre­
sponding element of the vector I or of the vector t or an 
interpolated version thereof. 

[0055] Since a rational valued sloper is used, only a small 
number of interpolation positions (lil and li2 in the example 
shown in FIG. 4) between two neighboring horizontal or 
vertical values ( of the vector I or the vector t, for example, the 
values In and ln+l in the example shown in FIG. 4) have to be 
calculated. These interpolated values (for example l,i, li2) 
need to be calculated only once, which reduces the complex­
ity of the approach. The number of interpolation points 
between two horizontally or vertically neighboring points on 
the dot raster grid equals the number of possible lines of the 
slope r that cross an imaginary line segment between these 
two horizontally or vertically neighboring points and that 
cross other points (grid points of elements of the original 
block 0) of the dot raster grid. In FIG. 4 an example of this is 
shown, wherein two lines (the prediction line 410 and a sec­
ond prediction line 411) of sloper cross two vertically neigh­
boring points On+u In) of the left reference ray 320. The first 
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prediction direction line 410 crosses the point ln+l and the 
second prediction direction line 411 crosses the point In of the 
left reference ray 320. The points In and ln+l equal dot raster 
points of the corresponding elements In and ln+l of the vector 
I. From the irreducible form of slope r with rn being the 
nominator and rd being the denominator, a right triangle 420 
can be constructed, such that its hypotenuse 422 lies on the 
lower line 410 and a vertical cathetus 424 oflength rn and a 
horizontal cathetus 426 oflength are rd exists. Since rn and rd 

are natural numbers, a cathetus that starts on a dot raster point 
also ends on a dot raster point. For example, the vertical 
cathetus 424 starts at the dot raster point, which equals a dot 
raster point of an element on-i,s of the original block 0 and 
ends at a dot raster point, which equals a dot raster point of an 
element on-3 , 5 of the original block 0. The horizontal cathe­
tus 426 starts at the dot raster point being equal to the dot 
raster point of the element on-I ,s and ends at a dot raster point 
equal to a dot raster point of the element on-i,2 of the original 
block 0. Therefore, in the example shown in FIG. 4, rn equals 
2 and rd equals 3 and the slope rof the first prediction direction 
line 410 and the second prediction direction line 411, which is 
parallel to the first prediction direction line 410 equals 2/2. 
From this follows that when the hypotenuse 422 starts on a 
dot raster point (in the example shown in FIG. 4 the point 
on-i,2 ) of the dot raster grid, it also ends on a point (in the 
example shown in FIG. 4, the point on_3 5 ) of the dot raster 
grid. Thus, a line of slope r that crosses ~ne point of the dot 
raster grid, needs to cross points of the dot raster grid in steps 
of the length of the hypotenuse (in the example shown in FIG. 
4 the first prediction direction line 410 crosses the point on-I 2 

and the point on-3 ,5 ). Therefore, all interpolation points can be 
found by parallel shifting the hypotenuse from the lower 
prediction direction line 410 to the upper prediction direction 
line 411. In FIG. 4 parallel shifted versions of the first pre­
diction line 410 are shown with dashed lines. A first parallel 
shifted prediction direction line 412 crosses, for example, a 
dot raster point which is equal to a dot raster point of an 
element on-2 ,3 of the original block 0. This first parallel 
shifted prediction direction line 412 crosses the left reference 
ray 320 in a first interpolated point In between the two neigh­
boring points In and ln+l. A second parallel shifted prediction 
direction line 413 crosses a dot raster point, which equals a 
dot raster point of an element on-I 1 of the original block 0 
and crosses the left reference ray 320 in a second interpolation 
point li2 between the two neighboring points In and ln+l. The 
dot raster points lying on the line, which coincides with the 
parallel-shifted hypotenuse are those grid points for which 
one and the same crossing point value on the reference ray ( on 
the left reference ray 320) needs to be interpolated. For 
example, for the points on-i,2 and on-3 ,5 the point ln+l would 
have to be interpolated. This means that a value of a prediction 
Pn-i,2 and of a prediction Pn-3 ,5 would be equal to an interpo­
lated value of the point In. An interpolation value for the point 
In may, for example, be determined by adding a quarter of the 
value of the element In of the reference vector q or the new 
reference vector q, and a half of a value of the element I 1 of 
the reference vector q or the new reference vector q, ~;d a 
quarter of a value of an element ln+2 of the reference vector q 
or the new reference vector q. 
[0056] In case, where the directional prediction modes are 
not suitable it may be important to have a fall back prediction 
mode. For this purpose, a so-called DC prediction mode 
provides a constant prediction value Px,y given as the average 
(DC or expected value) of all elements of q that are marked as 
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available and subsequent rounding of this average values to 
the nearest integer value in the increased bit-depth domain. 
For the DC prediction modes no additional parameters need 
to be specified. 

[0057] In the following, an example is shown, for an effi­
cient signaling of the prediction mode for the block 102. 
According to some embodiments of the present invention, the 
parameter k is a fixed value, or signaled only once per frame 
(for example of a picture) or sequence. An efficient signaling 
for the remaining prediction parameter through each block of 
a picture is according to some embodiments of the present 
invention achieved by using nine sets of parameters (modes). 
They consist of eight directional prediction modes and the DC 
fallback mode. FIG. 5 shows a table with the nine possible 
parameter sets (modes) that may be used to predict a given 
block (the block 102). To signal a chosen intra prediction 
mode for a given block, only its mode index needs to be 
signaled (for example as the intra prediction parameter 169). 
This may be done in two steps. First, a so-called most prob­
able mode may be derived depending on the modes of already 
coded neighboring blocks. The most probable mode may, for 
example, be the mode, which has been used for deriving 
predictions for the most of the neighboring blocks. Then, one 
flag is signaled, which has the value of one ( or binary 
"TRUE") if the mode for the current block equals the most 
probable mode and a value of zero (or binary "FALSE") 
otherwise. This flag may be called most-probable-ipred­
mode-flag. For encoding and decoding this flags, one of three 
probability models (one of three contexts, for example, in an 
entropy decoder) are used, depending on the corresponding 
values of the same flag for the left and top neighboring block. 
If this flag has a value of one, signaling of the mode for the 
current block is finished. A prediction for the current block is, 
therefore, carried out using the most probable mode. If the 
flag has the value zero, an index called intra-pred-mode is 
derived that equals to the mode index if the mode index for the 
prediction of the current block is smaller than the mode index 
of the most probable mode and mode index -1, otherwise. 
Thus, the value intra-pred-mode is in the interval (0 ... 7) and 
its binary representation fits into three bits. These three bits 
may be written from LSB to MSB and a separate probability 
model for each bit may be used. 

[0058] The table shown in FIG. 5 shows the nine different 
indexes, which may be used for predicting a current block 102 
the first column displays the mode index for the used predic­
tion mode (for the used prediction direction). The mode 
index, may, as mentioned before, be transmitted as an intra 
prediction parameter 169 within the data stream 132 from the 
video encoder 100 to the video decoder 200 and may be 
extracted by the extractor 210 of the video decoder 200. 

[0059] The second colunm shows a name, which corre­
sponds to a direction of the prediction for each prediction 
mode. 

[0060] The third colunm determines the type of each pre­
diction mode. 

[0061] The fourth colunm determines a sloper of a predic­
tion direction line corresponding to each mode index. As 
mentioned before, a prediction direction line with a slope 
infinity may be parallel to the left reference ray 320 (mode 
index 0) and a prediction direction line with a slope zero may 
be parallel tothetopreferenceray 310 (mode index 1). For the 
DC fall back mode (mode index 2) no prediction direction line 
exists. 
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[0062] The fifth colunm specifies an interpolation filter for 
each mode index, wherein FP designate full pel resolution 
and HP designates half pel resolution. As can be seen from the 
table, for the mode indices 0, 1, 3, 4 only full pel resolutions 
are available. This means, a prediction direction line corre­
sponding to one of these mode indices, which crosses a dot 
raster point of an element of the block B also crosses a dot 
raster point of the top reference ray 310 or the left reference 
ray 320. Therefore, in these cases no intermediate positions 
between neighboring dot raster points of the left reference ray 
310 and top reference ray 320 need to be calculated. In the 
case of the mode indices 0 and 1, no interpolation at all has to 
be performed, because the element of the block 102 would 
obtain the value of the corresponding element of the reference 
vector q 
[0063] In the case of the mode indices 3 and 4 an interpo­
lated value may be obtained by summing a half of the value of 
the element of the reference vector q through the grid point of 
which the prediction line crosses and a quarter of each of the 
two neighboring elements in the reference vector q of the 
element, through the grid point of which the prediction line 
crosses. In the case of the mode indices 5, 6, 7 and 8 halfpel 
positions are also possible. This means, the prediction direc­
tion line crossing a grid point of an element of the block 102 
may cross the top reference ray 310 or the left reference ray 
320 between two neighboring grid points of the top reference 
ray 310 or the left reference ray 320. Therefore a value of this 
intermediate element may be calculated. The value of this 
intermediate element may be obtained by summing a half of 
a value of an element corresponding to the grid point before 
the interpolation element and a half of a value of an element 
corresponding to the grid point behind the intermediate ele­
ment. 
[0064] The fifth column defines from which reference ray 
of the two reference rays a prediction has to be done. This is 
only useful in the case, where the slope is greater than zero, as 
mentioned before, in this case a prediction direction line 
crosses the left reference ray 320 and the top reference ray 
310. 
[0065] FIG. 6 shows an example for the possible modes of 
predicting a value for an element o2 2 of the original block B. 
For each prediction direction line its mode name is shown 
next to the prediction direction line and its corresponding 
mode index is shown in brackets next to the prediction direc­
tion line. It can be seen that prediction direction lines with a 
slope a>0 cross the top reference ray 310 and the left refer­
ence ray 320. This applies for the mode indices 3, 7 and 8. The 
value for the element o2 2 would be obtained in the mode 
indices 4 and 7 by interpo'!ated values from the top reference 
ray 310 and in the case of the mode index 8 by an interpolated 
value from the left reference ray 320. As an example for a half 
pel position, an intermediate point lil has to be calculated 
between the grid point 10 and 11 which corresponds to grid 
points of the elements 10 and 11 of the new reference vector q. 
[0066] As described before for the video encoder 100 and 
the video decoder 200, the reconstructed samples 152 may be 
filtered with a smoothing filter 162 to obtain filtered recon­
structed sample 168. In other words, a further filtering step 
can be applied to the new reference vector q, before calculat­
ing the prediction P. According to some embodiments, this 
further (smooth) filtering may be applied adaptive, that means 
for each block, an encoder may decide whether to apply this 
additional filtering step or not. This decision may be signaled 
as a so-called most_probable_ipred_mode_flag. This flag 
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may be encoded and decoded after the intra_pred_mode syn­
tax element and may use one separate probability model. A 
specific smoothing filter that may be applied to q ( or to the 
reconstructed samples 152, and higher precision version of 
the reconstructed sample 152) is given by the array of filter 
taps(¼, ½, ¼). Therefore, the smoothing filter 162 may, for 
example, be an FIR filter and in this special case a 3-tap FIR 
filter. 

[0067] An alternative method for increasing the bit depth of 
the prediction is to modify the interpolation filters (used for 
the prediction) and the smoothing filter 162 (instead of com­
puting the new reference vector q out of q). In this way, it may 
be possible to obtain a prediction 166 that has an increased bit 
depth without the need for additional computation steps. All 
filter coefficients of a particular interpolation or smoothing 
filter 162 are multiplied with a power of 2 which corresponds 
to a binary left shift. Frequently, filters are used whose coef­
ficients consist of fractions that all have the same power of 2 
as denominator. The filtering operation for filters of this type 
can be carried out by multiplying the samples (the recon­
structed samples 152 or the reference vector q) with the 
numerators of the filter coefficients only, and then applying a 
binary right-shift to the sum of the product. When filtering 
like this, the final right-shift (in the filters) can be merged with 
a left-shift (the left-shift by k) that may be used for increasing 
the bit-depth. According to some embodiments, this can even 
lead to not shifting at all, which corresponds to a reduction of 
the complexity. The bit-depth of a particular prediction block 
depends on the bit-depth increase that is incorporated into the 
smoothing filter 162 and interpolation filters that are used. 
This can lead to a prediction 166 of different bit depths for 
differing blocks of the picture, which needs to be considered 
in the residual reconstruction process (in the reconstructor 
150). If, for example, a block is predicted, using mode index 
0 or 1 from the above mentioned example, no interpolation is 
necessary and therefore a bit depth increase is not necessary, 
either. In other words, a bit depth increase, may depend on the 
used mode index, and therefore on the intra prediction param­
eter 169, which may determine a prediction direction out of a 
set of possible prediction directions. These differing bit 
depths are considered in the residual reconstruction process 
by deriving the reconstructed residual signals (the recon­
structedresidual information 142) with an increased bit depth 
such that it matches the bit depth of the corresponding pre­
diction signal 166. Then, prediction and residual signal are 
added (in the reconstructor 150), followed by a step that 
reduces the intermediate bit depth to the bit depth of the 
original signal. In other words, a precision of the recon­
structed residual information 142 and of the prediction 166 
may be higher than a precision, at which the block 102 is 
coded. 

[0068] Depending on the type ofresidual processing used, 
a higher bit-depth representation may be intrinsically avail­
able (without increasing computational complexity much), 
for instance integer implementations of a DCT like inverse 
transform (in the inverse transformer 140) usually use a 
binary right shift as final step to complete the computation of 
a particular residual sample value ( of the reconstructed 
residual information 142). This means, for this final step, a 
higher bit depth is intrinsically available which can be used. 
The inverse transformer 140, may therefore omit this final 
step ofrounding and the higher bit-depth version of the recon­
structed residual information 142 may be used in the recon­
structor 150 to obtain the reconstructed samples 152. 
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[0069] An advantage of carrying out the prediction and 
residual reconstruction step (in the reconstructor 150) in a 
higher bit-depth is that a rounding only occurs once. There­
fore, in embodiments of the present invention, a computa­
tional load is decreased, compared to systems in which a 
rounding of the prediction and a rounding of the residual 
information occurs before the reconstruction step. Further­
more, a higher bit-depth prediction 166 and a higher bit-depth 
reconstruction residual information 142 may lead to higher 
precise reconstructed samples 152 of the block 102, and 
therefore to a smaller needed residual information, as in sys­
tems, wherein a rounding of prediction samples and of recon­
structed residual samples occurs before the prediction and 
residual reconstruction process. Furthermore, the prediction 
process as described here tends to produce smooth predic­
tions. This is also true for DCT-like inverse transform (in the 
inverse transformer 142) in the residual reconstruction step, 
especially when a strong quantization of the transform coef­
ficients (in the transformer 120) is involved. By adding a 
smooth prediction to a smooth residual in a higher bit-depth 
contouring artifacts may be avoided ( or at least significantly 
reduced). Embodiments of the present invention, enable 
therefore, a higher quality of the reconstructed samples 152 
than, in where a bit-depth of the prediction and the recon­
structed residual information is the same, like the bit-depth, in 
which the block 102 and reconstructed samples 152 are 
defined. 

[0070] According to some embodiments of the present 
invention, any interpolation filters and smoothing filters of a 
video encoder or a video decoder comprise filtering coeffi­
cients, which are multiple of¼. In this case, each filter coef­
ficient of this filters may be multiplied with four, which turns 
each coefficient into an integer and increases the bit-depth by 
two bits for each filtering operation. Furthermore, when the 
block-adaptive smoothing is not used (for example if the 
smooth_ref_samples_flag is false), a modified version of the 
utilized interpolation filter may be used, with each filter coef­
ficient multiplied by 4 once more to achieve a bit-depth 
increase by 4 bit, when this filter is used. In this way, it is 
insured that after the interpolation step, the bit-depth of the 
prediction 166 is increased by 4 bits, regardless whether the 
smoothing filter 162 was used or not. Furthermore, for both, 
the smoothing filter 162 and the interpolation filter, a final 
bit-shift may not be necessary, since all filter coefficients are 
integers. With this concept, it is possible to calculate a pre­
diction 166 of a bit-depth increased by 4 bit only, while 
avoiding rounding operations for any combination of smooth­
ing and interpolation filters with filter coefficients that are 
multiples of¼ (see table 5, wherein all filter coefficients of 
the interpolation filter are multiples of¼). According to fur­
ther embodiments of the present invention, the smoothing 
filter 162 and the interpolation filter may have arbitrary fil­
tering coefficients. According to these embodiments, each 
filter coefficient of the smoothing filter 162 and interpolation 
filters is multiplied by 4, which increases the bit-depth by 2 
for each filtering operation. Furthermore, when block-adap­
tive smoothing filtering is not used (for example, if the smoo­
th_ref_samples_flag is zero), a modified version of the uti­
lized interpolation filter is used, with each coefficient 
multiplied by 4 once more to achieve a bit-depth increase by 
4 bit, when this filter is used. In this way, it is insured that after 
the interpolation step, the bit-depth of the prediction 166 is 
increased by 4 bits, regardless whether the smoothing filter 
162 was used or not. With this method, it is possible to 
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calculate a prediction 166 with a bit-depth increased by 4 bit 
for any combination of smoothing filter 162 and interpolation 
filters with arbitrary filter coefficients. 

[0071] According to further embodiments of the present 
invention, a predictor 160 may also be configured to increase 
the bit-depth of the prediction 166 depending on the block 
102 to be coded. This increase in bit-depth may, for example, 
be signaled in the data stream 132, for example, within the 
intra prediction parameter 169. 

[0072] In the following, more generalized descriptions for 
the aspects of the present invention, which have been 
described above using the precise example will be given. 

[0073] FIG. 7 shows a block diagram of an apparatus 700 
according to an embodiment according to the first aspect of 
the present invention. The apparatus 700 for intra predicting a 
block 102 to be predicted of a picture from neighboring image 
samples 152, sequentially extending along two rays (the top 
reference ray 310 and the left reference ray 320) starting at a 
common intersection point (a) and pointing into different 
directions, the neighboring image samples 152 comprising 
edge neighboring samples bordering the block 102 to be 
predicted, comprises a smoothing filter 162 and a determiner 
164. The smoothing filter 162 is configured to one-dimen­
sionally filter the neighboring image samples 152, which are 
sequentially arranged into a sequence (the reference vector q 
or the new reference vector q) by anti-parallelly traveling 
along a first one (for example along the left reference ray 320) 
of the two rays and parallelly traveling along a second one (for 
example, along the top reference ray 310) of the two rays, to 
obtain a filtered image sample sequence 168. The apparatus 
700 further comprises a determiner 164 configured to deter­
mine a prediction value (px,y) for a predetermined image 
sample ( ox) of the block 102 to be predicted by using the 
filtered image sample sequence 168. The apparatus 700 may 
be employed in the hybrid video decoder 100 and in the 
hybrid video decoder 200. As it can be seen from the reference 
numerals, the neighboring image samples 152 may corre­
spond to the reconstructed samples 152 of the video encoder 
100 and the video decoder 200. The smoothing filter 162 is 
configured to filter these neighboring image samples 152 to 
obtain the filtered image sample sequence 168, which corre­
sponds to the filtered reconstructed samples 168 in the video 
encoder 100 and the video decoder 200. The determiner 164 
of the apparatus 700 may be the determiner 164 of the video 
encoder 100 or the determiner 164' of the video decoder 200. 
The determiner 164 obtains, based on the filtered image 
sample sequence 168 a prediction 166 for the block 102. In 
other words, the determiner obtains a prediction value for a 
predetermined image sample of the block 102. The deter­
miner 164 determines therefore a prediction value for every 
image sample of the block 102, which then forms the predic­
tion 166 or the block P, like it has been called above, too. An 
advantage of using a smoothing filter to filter the neighboring 
image samples 152 or the reconstructed samples 152 is that 
outliers within the neighboring image samples 152 do not 
negatively affect the intra prediction result (the prediction 
166). The computational overhead may be kept reasonable. 

[0074] As mentioned before, a bit-depth representation of 
the filtered image sample sequence 168 may be higher than a 
bit-depth representation of the neighboring image samples 
152. In other words, a precision of the filtered image sample 
sequence 168 may be higher than a precision of the neighbor-
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ing image samples 152. A precision of the prediction 166 may 
be even higher than the precision of the filtered image sample 
sequence 168. 
[0075] According some embodiment of the present inven­
tion, the determiner 164 may be configured to determine a 
prediction value Px,y for the block 102 to be predicted by 
interpolating the filtered image sample sequence 168 at an 
intersection between a line (prediction direction line) cross­
ing a predetermined image sample ox,y in a predetermined 
direction associated with the block 102 to be predicted, and 
the first (for example, the top reference ray 310 and/or the 
second ray (for example, the left reference ray 320). 
[0076] As mentioned before, during interpolating the fil­
tered image sample sequence 168 (in the determiner 164) the 
precision of the filtered image sample sequence 168 may be 
increased, such that the precision of the prediction 166 ( of the 
prediction value Px,y) is higher than the precision of the fil­
tered image sample sequence 168. 
[0077] According to some embodiments of the present 
invention, the apparatus 700 may be configured to selectively 
deactivate the smoothing filter 162, dependent on a filter 
information (for example, within the intra prediction param­
eter 169) for the block. The determiner 164 may be further 
configured to selectively determine the prediction value Px,y 
for the predetermined image sample ox,y of the block 102 by 
using the filtered image sample sequence 168 or by using the 
neighboring image samples 152, dependent on the filter infor­
mation for the block. In the encoder 100 this filter information 
may be determined by the determiner 164, and included in the 
intra prediction parameter 169. In the video decoder 200 the 
determiner 164' may decide, based on the filter information 
within the intra prediction parameter 169 if the reconstructed 
samples 152 have to be filtered using the smoothing filter 162 
before determining the prediction 166. In other words, 
embodiments of the present invention may be configured to 
make a decision, if the smoothing filter 162 should be applied 
to the reconstructed samples 152 or not. 
[0078] According to some embodiments of the present 
invention, the smoothing filter 162 may be an FIR filter. The 
FIR filter may for example be a 3-tap FIR filter. 
[0079] According to further embodiments of the present 
invention, the coefficients of the smoothing filter 162 may be 
a multiple of¼. 
[0080] According to further embodiments of the present 
invention, the smoothing filter is determined by an array of 
filter taps proportional to: (¼, ½, ¼). 
[0081] An advantage ofusing a one-dimensionally smooth­
ing filter, instead of using a two-dimensional smoothing filter 
is a reduced complexity. Referring to the above-mentioned 
example, the smoothing filter would be applied starting from 
the last value of the vector 1 and ending in the last value of the 
vector t. Therefore, the smoothing filter is traveling along the 
reference image samples 152, bordering the block 102 to be 
predicted. Hence, the smoothing filter is travelling in a first 
direction (a vertical direction) along the elements of the vec­
tor 1 and in a second direction (a horizontal direction) along 
elements of the vector t. The smoothing filter 162 changes the 
direction at the element a of the reference vector q or the new 
reference vector q. 
[0082] FIG. 8 shows a block diagram of an apparatus 800 
according to an embodiment according to the second aspect 
of the present invention. The apparatus 800 for encoding a 
picture, which is defined in a first precision comprises a 
reconstructor 850, a predictor 860, a residual sample value 

Amazon.com, Inc., Amazon.com Services LLC - Ex. 1015, Page 000021



US 2013/0034158 Al 

determiner 810, a transformer 820, an inverse transformer 
840 and a data stream inserter 830. 
[0083] The reconstructor 850 is configured to reconstruct 
reference image samples at a second precision being equal to 
or greater than the first precision in which the block 102 to be 
coded is defined. The predictor 860 is configured to determine 
predicted image samples 166 for the block 102 from the 
reconstructed reference image samples 152 at a third preci­
sion, which is higher than the second precision. The residual 
sample value determiner 810 is configured to compare said 
predicted image samples 166 and original image samples of 
the block 102 of the picture defined in the first precision to 
determine residual sample values 112 for the block 102. The 
transformer 820 is configured to apply a spectral decomposi­
tion transform ( for example a discrete cosine transform) to the 
obtained residual sample values 112 and to use a quantization 
to obtain a transform coefficient block 122. The inverse trans­
former 840 is configured to apply an inverse spectral decom­
position transform (for example, an inverse discrete cosine 
transform) to the transform coefficient block 122 to obtain 
reconstructed residual sample values 142 for the block 102 at 
a fourth precision, which is greater than the first precision. 
The reconstructor 850 is further configured to obtain recon­
structed image samples for the block 102 by summation of the 
predicted image samples 166 and the reconstructed residual 
image samples 142 at an increased precision equal to or 
greater than the at least one of the third and fourth precisions, 
and reducing a result of the summation having the increased 
precision down to the second precision. The data stream 
inserter 830 is configured to insert the transform coefficient 
block 122 into a data stream 132. 
[0084] The apparatus 800 may, for example, be the video 
encoder 100 according to FIG. 1, without the smoothing filter 
162. The reconstructor 850 of the apparatus 800 corresponds 
to the reconstructor 150 of the video encoder 100, the predic­
tor 860 corresponds to the predictor 160 of the video encoder 
100 (with the difference, that the predictor 860 of the appa­
ratus 800 does not necessarily need to have the smoothing 
filter 162). The residual value determiner 810 corresponds to 
the residual information determiner 110 of the video encoder 
100. The transformer 820, the inverse transformer 840 and the 
data stream inserter 830 correspond each to its equivalent in 
the video encoder 100. As explained above, the block 102 to 
be decoded may be defined in a first precision. A precision 
may also be called a bit-depth representation, wherein a 
higher precision corresponds to a higher bit-depth represen­
tation. A bit-depth representation of a value may be increased 
by left-shifting the value with a predetermined number of 
bits. A left-shift corresponds to a multiplication with 2. 

[0085] As explained before, an increase in the precision of 
the reconstructed reference image samples 152 may be 
obtained by left-shifting each value of these reconstructed 
reference image samples 152 as it has been explained with the 
reference vector q to obtain the new reference vector q. The 
predictor 860 may use reconstructed reference image samples 
152 with a second precision to determine predicted image 
samples in the third precision forming the prediction 166 ( or 
the block P for the block 102). The increase in precision from 
the reconstructed reference image samples 152 in the second 
precision to the predicted image samples or to the prediction 
166 in the third precision may be employed by omitting a 
binary right-shift determined by filter coefficients of an inter­
polation filter used in the predictor 860, as it has been 
described before. An increase of the precision of the recon-
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structed residual sample value to the inverse transformer 840 
may be employed by omitting a binary right-shift, for 
example, used in an inverse discrete cosine transformation. 
The increased precision prediction 166 may then in the recon­
structor 850 together with increased precision reconstructed 
residual sample values 142 combined in the reconstructor 850 
to determine reconstructed image samples of the block 102 at 
an increased precision, which afterwards is rounded down to 
the second precision. These reconstructed image samples of 
the block 102 may then be used as reconstructed reference 
image samples 152 for blocks following (in encoding or 
decoding order) the block 102.As mentioned before, by using 
an increased precision prediction 166 and an increased pre­
cision reconstructed residual information 142 a better recon­
structed version of the block may be obtained, than in the 
case, wherein a prediction with the same precision like the 
block 102 is defined is used and a residual information with 
the same prediction like the block 102 is used. Therefore a 
resulting reconstructed residual information 142 for the block 
102 may in embodiments of the present invention be smaller 
and may therefore be represented by less bit in the data stream 
132. 
[0086] The predictor 860 may be further configured to 
obtain the predicted image samples (the prediction 166) by 
using the block 102 to be coded together with the recon­
structed reference image samples 152. Furthermore, the pre­
dictor 860 may be configured to determine the prediction 
parameter 169, which may be inserted from the data stream 
inserter 130 into the data stream 132. 
[0087] According to some embodiments of the present 
invention, the apparatus 800 may be configured to reconstruct 
the block 102 using intra prediction or inter-prediction. In the 
intra prediction case, the reconstructed reference image 
samples 152 may contain neighboring image samples, bor­
dering image samples of the block 102. The prediction 
parameter 169 may for example be an intra prediction param­
eter, determining a prediction direction, from a set of possible 
prediction directions, for example like the index mode 
explained according to FIG. 5. In the inter-prediction case the 
reconstructed reference image samples 152 may be recon­
structed reference image samples from previously encoded 
pictures. The prediction parameter 169 may for example con­
tain motion information and reference index numbers, deter­
mining an inter-motion-prediction for the block 102. 
[0088] FIG. 9 shows an apparatus 900 according to a fur­
ther embodiment according to the second aspect of the 
present invention. The apparatus 900 for reconstructing a 
block 102 of a picture defined in a first precision by prediction 
comprises a reconstructor 950, an extractor 910, a predictor 
960 and an inverse transformer 940. The reconstructor 950 is 
configured to reconstruct reference image samples from a 
data stream 13 2 at a second precision being equal to or greater 
than the first precision, in which the block 102 is defined, to 
obtain reconstructed reference image samples 152 in the sec­
ond precision. The extractor 910 is configured to extract a 
transform coefficient block 122 for the block 102 from the 
data stream 132. The predictor 960 is configured to determine 
predicted image samples 166 for the block 102 or a prediction 
166 for the block 102 from the reconstructed reference image 
samples 152 at a third precision, which is higher than the 
second precision. The inverse transformer 940 is configured 
to apply an inverse spectral decomposition transform (for 
example an inverse discrete cosine transform) to the trans­
form coefficient block 122 to obtain reconstructed residual 
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sample values 142 for the block 102 at a fourth precision 
greater than the first precision. The reconstructor 950 is fur­
ther configured to reconstruct the block 102 by summation of 
the predicted image samples 166 and the reconstructed 
residual sample values 142 at an increased precision equal to 
or greater than at least one of the third and fourth precision, 
and reducing the result of the summation having the increased 
precision down to the second precision. The result of the 
summation may be reconstructed image samples of the block 
102, which may be used as reconstructed reference image 
samples 152 for (for in decoding order) following blocks, 
which have to be decoded. 

[0089] The apparatus 900 may correspond to the video 
decoder 200 according to FIG. 2, with the difference, that the 
predictor 960 does not necessarily need to comprise a 
smoothing filter 162. The increase in the precision from the 
reconstructed reference image samples 152 in the second 
precision to the predicted image samples 166 in the third 
precision may, as in the apparatus 800, be employed by bit­
shifting the reconstructed reference image samples 152 
before determining the predicted image samples 166 within 
the predictor 960 or by bit-shifting filter coefficients, which 
may be used in the predictor 960 for interpolating the recon­
structed reference image samples 152 to obtain the predicted 
image samples 166. The precision increase of the recon­
structed residual sample values to the fourth precision within 
the inverse transformer 940 may be performed as described 
with the video encoder 800 according to FIG. 8, by omitting 
a bit-shift in the inverse discrete cosine transformation, which 
may be employed in the inverse transformer 940. The recon­
structed reference image samples may be rounded down to 
the first precision, and then be provided to a display output 
device, like a display. According to some embodiments, the 
extractor 910 may be configured to extract a prediction 
parameter 169 out of the data stream 132. The predictor 160 
may be configured to determine the predicted image samples 
166 for the block 102 by using the prediction parameter 169 
for the block 102 and the reconstructed reference image 
samples 152. 

[0090] According to some embodiments of the present 
invention, the reconstructor 950 may be configured such that 
the reconstructed reference image samples 152 are neighbor­
ing image samples, the neighboring image samples compris­
ing edge neighboring samples bordering the block 102 or 
image samples of the block 102 to be reconstructed. In other 
words, the apparatus 900 may be configured to perform an 
intra prediction. 

[0091] According to further embodiments of the present 
invention, the apparatus 900 may also be configured to per­
form inter-prediction, in this case, the reconstructed reference 
samples 152 may be image samples of previously decoded 
pictures, and the prediction parameter 169 may, for example, 
be a motion information or in general an inter-prediction 
parameter. 

[0092] According to some embodiments, as mentioned 
before, the predictor 960 may be configured such that the 
prediction values for the predicted image samples 166 for the 
block 102 are determined by interpolating the reconstructed 
reference image samples 152. The predictor 960 may be 
configured to increase the precision of the reconstructed ref­
erence image samples 152 before interpolating. As an 
example, which has been described above, the new reference 
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vector q, which is used for the interpolation is obtained by 
increasing the precision (binary left-shifting) the reference 
vector q. 

[0093] According to some further embodiments, the pre­
dictor 960 may be configured to interpolate the reconstructed 
reference image samples 152 by using an FIR filter (like the 
above-mentioned interpolation filter), wherein coefficients of 
the FIR filter are adapted such that denominators of the coef­
ficients are equal, and wherein the third precision of the 
predicted image samples is dependent on the denominators of 
the coefficients. In the above-mentioned examples, filter 
coefficients of the FIR filters may all be a multiple of ¼, in 
which the precision of the reconstructed reference image 
samples 152 is increased by only multiplying with numera­
tors of the coefficients of the FIR filter and by omitting the 
division (binary right shift) with the denominators ( which are 
4 for all coefficients) which may be equal to a multiplication 
with 4 or a binary left-shift by 2. 

[0094] In the above-mentioned examples, therefore, the 
third precision is by a number of bits equal to log 2 of the 
denominator of the coefficients of the FIR filter higher than 
the second precision. 

[0095] As mentioned before, the reconstructor 950 may be 
configured to provide the reconstructed block of the picture to 
a display output device, for this the apparatus 900 may further 
comprise a reproduction output, which is configured to pro­
vide the reconstructed block of the picture in the first preci­
s10n. 

[0096] FIG.10 shows a blockdiagramofanapparatus 1000 
according to the third aspect of the present invention. The 
apparatus 1000 for reconstructing a block 102 of a picture by 
intra prediction comprises a reconstructor 1050, an extractor 
1020 and an intra predictor 1010. the reconstructor 1050 is 
configured to determine reconstructed values 152 of neigh­
boring image samples of the picture, neighboring the block 
102 from a data stream 132, in a first fixed point precision. 
The extractor 1020 is configured to extract an inter-prediction 
parameter 169 from the data stream 132. The intra predictor 
1010 is configured to determine a prediction value Px,y for a 
pre-determined image sample ox,y of the block 102 from the 
reconstructed values 152 of the neighboring image samples 
by performing an interpolation between the reconstructed 
values 152 of the neighboring image samples at an intersec­
tion between a line (a prediction direction line) crossing the 
predetermined image sample ox,y and extending in a prede­
termined direction selected from a set of possible directions 
in dependence of the intra prediction parameter 169, and a 
line (for example, the top reference ray 310 or the left refer­
ence ray 320) along which the reconstructed neighboring 
image samples 152 serially extend, with, for a subset of that 
possible directions, provisionally performing the interpola­
tion at a second fixed point precision increased relative to the 
first fixed point precision by an amount k, depending on the 
predetermined direction and then rounding the prediction 
value to the first fixed point precision. 

[0097] The apparatus 1000 corresponds to the video 
decoder 200. The reconstructor 1050 of the apparatus 1000 
corresponds to the reconstructor 150 of the video decoder 
200, with the difference that the reconstructor 1050 may be 
configured to obtain the reconstructed residual information 
142 for the block 102 from the data stream 132. The extractor 
1020 corresponds to the extractor 210 of the video decoder 
200. The intra predictor 1010 corresponds to the predictor 

Amazon.com, Inc., Amazon.com Services LLC - Ex. 1015, Page 000023



US 2013/0034158 Al 

160' of the video decoder 200. The intra predictor 1010 differs 
from the predictor 160' in that it does not necessarily need a 
smoothing filter 162. 
[0098] Although the video decoder 200 according to FIG. 2 
may be suited for use in applications using intra prediction 
and inter-prediction, the apparatus 1000 may be used for 
performing intra predictions only. Therefore the recon­
structed samples 152 of the video decoder 200 correspond to 
the reconstructed values 152 of neighboring image samples 
(bordering the block 102) of the apparatus 1000. The predic­
tion parameter 169 of the video decoder 200 corresponds to 
the intra prediction parameter 169 of the apparatus 1000. The 
prediction value Px,y, determined by the intra predictor 1010 
corresponds to the prediction 166 for the block 102 in the 
video decoder 200, because the prediction 166 for the block 
102 comprises a plurality of prediction values Px,y which form 
the prediction 116. 
[0099] As it has been seen from the table according to FIG. 
5, for different prediction directions, a different increase in 
precision of the reconstructed reference values or the recon­
structed values 152 of neighboring image samples may be 
useful, because of different interpolation filters, which may 
be applied to the reconstructed values 152 of neighboring 
image samples. Therefore, embodiments according to the 
third aspect of the present invention may increase the bit­
depth of the reconstructed values 152 of neighboring image 
samples based on the prediction direction for the block 102. 
Referring to the above-described example, the table of FIG. 5 
may further comprise a sixth colunm, which determines by 
which factor k a precision of the reconstructed values 152 of 
neighboring image samples have to be increased. This may 
lead to a reduction in computational load, especially in cases, 
in which no bit-depth increase is needed (for example, in the 
cases of index mode 0, 1 and 2). 
[0100] According to some embodiments of the present 
invention, the intra predictor 1010 may be configured such 
that the interpolation is performed using an FIR filter (the 
above described interpolation filter) wherein a filter tap num­
ber of the FIR filter is dependent on the predetermined direc­
tion and on a position of the predetermined sample ox,y within 
the block 102. In other words, as can be seen from FIG. 5, an 
interpolation filter may be dependent on the prediction direc­
tion (the index mode) and on the position of the predeter­
mined sample ox,y, for example, if a half pel position needs to 
be interpolated or a full pel position needs to be interpolated. 
[0101] Furthermore, the intra predictor 1010 may be con­
figured such that the precision of the coefficients of the FIR 
filter is increased to the second precision before interpolating. 
[0102] This been shown, in the case, in where coefficients 
of the FIR filter are multiplied with a value (in the above­
mentioned example with the value 4) before the interpolation 
is applied to the reconstructed values 152 of the neighboring 
image samples. 
[0103] According to further embodiments, the intra predic­
tor 1010 may be configured such that the precision of the 
reconstructed values 152 of the neighboring image samples is 
increased to the second fixed point precision before perform­
ing the interpolation. This has been explained, in the above­
mentioned examples by obtaining the new reference vector q 
from the reference vector q by left-shifting the values of the 
reference vector q (by left-shifting the reconstructed values 
152 of the neighboring image samples). 
[0104] Although some aspects have been described in the 
context of an apparatus, it is clear that these aspects also 
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represent a description of the corresponding method, where a 
block or device corresponds to a method step or a feature of a 
method step. Analogously, aspects described in the context of 
a method step also represent a description of a corresponding 
block or item or feature of a corresponding apparatus. Some 
or all of the method steps may be executed by ( or using) a 
hardware apparatus, like for example, a microprocessor, a 
programmable computer or an electronic circuit. In some 
embodiments, some one or more of the most important 
method steps may be executed by such an apparatus. 

[0105] Depending on certain implementation require­
ments, embodiments of the invention can be implemented in 
hardware or in software. The implementation can be per­
formed using a digital storage medium, for example a floppy 
disk, a DVD, a Blue-Ray, a CD, a ROM, a PROM, an 
EPROM, an EEPROM or a FLASH memory, having elec­
tronically readable control signals stored thereon, which 
cooperate (or are capable of cooperating) with a program­
mable computer system such that the respective method is 
performed. Therefore, the digital storage medium may be 
computer readable. 

[0106] Some embodiments according to the invention com­
prise a data carrier having electronically readable control 
signals, which are capable of cooperating with a program­
mable computer system, such that one of the methods 
described herein is performed. 

[0107] Generally, embodiments of the present invention 
can be implemented as a computer program product with a 
program code, the program code being operative for perform­
ing one of the methods when the computer program product 
runs on a computer. The program code may for example be 
stored on a machine readable carrier. 

[0108] Other embodiments comprise the computer pro­
gram for performing one of the methods described herein, 
stored on a machine readable carrier. 

[0109] In other words, an embodiment of the inventive 
method is, therefore, a computer program having a program 
code for performing one of the methods described herein, 
when the computer program runs on a computer. 

[0110] A further embodiment of the inventive methods is, 
therefore, a data carrier ( or a digital storage medium, or a 
computer-readable medium) comprising, recorded thereon, 
the computer program for performing one of the methods 
described herein. 

[0111] A further embodiment of the inventive method is, 
therefore, a data stream or a sequence of signals representing 
the computer program for performing one of the methods 
described herein. The data stream or the sequence of signals 
may for example be configured to be transferred via a data 
communication connection, for example via the Internet. 

[0112] A further embodiment comprises a processing 
means, for example a computer, or a programmable logic 
device, configured to or adapted to perform one of the meth­
ods described herein. 

[0113] A further embodiment comprises a computer having 
installed thereon the computer program for performing one of 
the methods described herein. 

[0114] In some embodiments, a programmable logic 
device (for example a field programmable gate array) may be 
used to perform some or all of the functionalities of the 
methods described herein. In some embodiments, a field pro­
grammable gate array may cooperate with a microprocessor 
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in order to perform one of the methods described herein. 
Generally, the methods are advantageously performed by any 
hardware apparatus. 
[0115] While this invention has been described in terms of 
several embodiments, there are alterations, permutations, and 
equivalents which fall within the scope of this invention. It 
should also be noted that there are many alternative ways of 
implementing the methods and compositions of the present 
invention. It is therefore intended that the following appended 
claims be interpreted as including all such alterations, permu­
tations and equivalents as fall within the true spirit and scope 
of the present invention. 

1. An apparatus for intra predicting a block to be predicted 
of a picture from neighboring image samples sequentially 
extending along two rays starting at a common intersection 
point and pointing into different directions, the neighboring 
image samples comprising edge neighboring samples border­
ing the block to be predicted, comprising: 

a smoothing filter configured to one-dimensionally filter 
the neighboring image samples sequentially arranged 
into a sequence by anti-parallelly traveling along a first 
one of the two rays and parallelly traveling along a 
second one of the two rays to achieve a filtered image 
sample sequence; and 

a determiner configured to determine a prediction value for 
a predetermined image sample of the block to be pre­
dicted by using the filtered image sample sequence. 

2. The apparatus according to claim 1, 
wherein the determiner is configured to determine the pre­

diction value for the block to be predicted by interpolat­
ing the filtered image sample sequence at an intersection 
between a line crossing the predetermined image sample 
in a predetermined direction associated with the block to 
be predicted and the first ray and/or the second ray. 

3. The apparatus according to claim 1, 
wherein the apparatus is configured to selectively deacti­

vate the smoothing filter dependent on a filter informa­
tion for the block from a data stream; and 

wherein the determiner is further configured to selectively 
determine the prediction value for the predetermined 
image sample of the block by using the filtered image 
sample sequence or by using the neighboring image 
samples dependent on the filter information for the 
block. 

4. The apparatus according to claim 1, 
wherein the smoothing filter is an FIR filter. 
5. The apparatus according to claim 4, 
wherein the smoothing filter is configured such that filter 

tap coefficients of the smoothing filter are a multiple of 
¼. 

6. The apparatus according to claim 5, 
wherein the smoothing filter is determined by an array of 

filter taps proportional to: 
(¼, ½, ¼). 

7. The apparatus according to claim 1, 
wherein the smoothing filter is configured such that a pre­

cision of the filtered image sample sequence is higher 
than a precision of the neighboring image samples. 

8. An apparatus for reconstructing a block of a picture 
defined in a first precision by prediction, comprising: 

a reconstructor configured to reconstruct reference image 
samples from a data stream at a second precision being 
equal to or greater than the first precision to achieve 
reconstructed reference image samples; 

14 
Feb. 7, 2013 

an extractor configured to extract a transform coefficient 
block from the data stream; 

a predictor configured to determine predicted image 
samples for the block from the reconstructed reference 
image samples at a third precision higher than the sec­
ond precision; 

an inverse transformer configured to apply an inverse spec­
tral decomposition transform to the transform coeffi­
cient block to achieve reconstructed residual sample 
values for the block at a fourth precision greater than the 
first precision; and 

wherein the reconstructor is further configured to recon­
struct the block by summation of the predicted image 
samples and the reconstructed residual sample values at 
an increased precision equal to or greater than at least 
one of the third and fourth precisions and reducing a 
result of the summation comprising the increased preci­
sion down to the second precision. 

9. The apparatus according to claim 8, 
wherein the reconstructor is further configured such that 

the reconstructed reference image samples are neighbor­
ing image samples, the neighboring image samples 
comprising edge-neighboring samples bordering the 
block to be reconstructed. 

10. The apparatus according to claim 8, 
wherein the predictor is further configured such that pre­

diction values for the predicted image samples for the 
block are determined by interpolating the reconstructed 
reference image samples. 

11. The apparatus according to claim 10, 
wherein the predictor is further configured to increase the 

precision of the reconstructed reference image samples 
before interpolating. 

12. The apparatus according to claim 10, 
wherein the predictor is further configured to interpolate 

the reconstructed reference image samples by using an 
FIR filter; and 

wherein coefficients of the FIR filter are adapted such that 
denominators of the coefficients are equal and wherein 
the third precision of the predicted image samples is 
dependent on the denominators of the coefficients. 

13. The apparatus according to claim 12, 
wherein the predictor is further configured such that the 

third precision is by, a number of bits, equal to log 2 of 
the denominators of the coefficients higher than the sec­
ond precision. 

14. The apparatus according to claim 8, 
further comprising a reproduction output, the reproduction 

output configured to provide a reconstruction of the 
block of the picture in the first precision. 

15. An apparatus for encoding a block of a picture defined 
in a first precision, comprising: 

a reconstructor configured to reconstruct reference image 
samples at a second precision being equal to or greater 
than the first precision to achieve reconstructed refer­
ence image samples; 

a predictor configured to determine predicted image 
samples for the block from the reconstructed reference 
image samples at a third precision higher than the sec­
ond precision; 

a residual sample value determiner configured to compare 
the predicted image samples and original image samples 
of the block of the picture defined in the first precision to 
determine residual sample values for the block; 
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a transformer configured to apply a spectral decomposition 
transform to the achieved residual sample values and use 
a quantization to achieve a transform coefficient block; 

an inverse transformer configured to apply an inverse spec­
tral decomposition transform to the transform coeffi­
cient block to achieve reconstructed residual sample 
values for the block at a fourth precision greater than the 
first precision; 

wherein the reconstructor is further configured to achieve 
reconstructed image samples of the block by surmnation 
of the predicted image samples and the reconstructed 
residual sample values at an increased precision equal to 
or greater than at least one of the third and fourth preci­
sions and reducing a result of the summation comprising 
the increased precision down to the second precision; 
and 

a data stream inserter configured to insert the transform 
coefficient block into a data stream. 

16. An apparatus for reconstructing a block of a picture by 
intra prediction, comprising: 

a reconstructor configured to determine reconstructed val­
ues of neighboring image samples of the picture, neigh­
boring the block from a data stream, at a first fixed point 
precision; 

an extractor configured to extract an intra-prediction 
parameter from the data stream; and 

an intra predictor configured to determine a prediction 
value for a predetermined image sample of the block 
from the reconstructed values of the neighboring image 
samples by performing an interpolation between the 
reconstructed values of the neighboring image samples 
at an intersection between a line crossing the predeter­
mined image sample and extending in a predetermined 
direction selected from a set of possible directions in 
dependence of the intra-prediction parameter and a line 
along which the reconstructed neighboring image 
samples serially extend, with, for a subset of the possible 
directions, provisionally performing the interpolation at 
a second fixed point precision increased relative to the 
first fixed point precision by an amount depending on the 
predetermined direction and then rounding the predic­
tion value to the first prediction. 

17. The apparatus according to claim 16, 
wherein the intra predictor is further configured such that 

the interpolation is performed using an FIR filter, 
wherein a filter tap number of the FIR filter is dependent 
on the predetermined direction and on a position of the 
predetermined image sample within the block. 

18. The apparatus according to claim 17, 
wherein the intra predictor is configured such that a preci­

sion of coefficients of the FIR filter is increased to the 
second precision before interpolating. 

19. The apparatus according to claim 16, 
wherein the intra predictor is configured such that the pre­

cision of the reconstructed values of the neighboring 
image samples is increased to the second fixed point 
precision before performing the interpolation. 

20. A method for intra predicting a block to be predicted of 
a picture from neighboring image samples sequentially 
extending along two rays, starting at a common intersection 
point and pointing into a different direction, the neighboring 
image samples comprising edge neighboring samples border­
ing the block to be predicted, comprising: 
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one-dimensionally filtering the neighboring image 
samples sequentially arranged into a sequence by anti­
parallelly traveling along a first one of the two rays and 
parallelly traveling along a second one of the two rays to 
achieve a filtered image sample sequence; and 

determining a prediction value for a predetermined image 
sample of the block to be predicted by using the filtered 
image sample sequence. 

21. A method for reconstructing a block of a picture defined 
in a first precision by prediction, comprising: 

reconstructing a reference image sample from a data 
stream at a second precision being equal to or greater 
than the first precision; 

extracting a transform coefficient block for the block from 
the data stream; 

determining predicted image samples for the block from 
the reconstructed reference image samples at a third 
precision higher than the second precision; 

applying an inverse spectral decomposition transform to 
the transform coefficient block to achieve reconstructed 
residual sample values for the block at a fourth precision 
greater than the first precision; and 

reconstructing the block by summation of the predicted 
image samples and the reconstructed residual sample 
values at an increased precision equal to or greater than 
at least one of the third and fourth precisions and reduc­
ing a result of the summation comprising the increased 
precision down to the second precision. 

22. A method for encoding a block of a picture defined in a 
first precision, comprising: 

reconstructing reference image samples at a second preci­
sion being equal or greater than the first precision; 

determining predicted image samples for the block from 
the reconstructed reference image samples at a third 
precision higher than the second precision; 

comparing the predicted image samples and original image 
samples of the block of the picture defined in the first 
precision to determine residual sample values for the 
block; 

applying a spectral decomposition transform to the 
achieved residual sample values and using a quantiza­
tion to achieve a transform coefficient block; 

applying an inverse spectral decomposition transform to 
the transform coefficient block to achieve the recon­
structed residual sample values for the block at a fourth 
precision greater than the first precision; 

achieving reconstructed image samples of the block by 
summation of the predicted image samples and the 
reconstructed residual sample values at an increased 
precision equal to or greater than at least one of the third 
and fourth precisions and reducing a result of the sum­
mation comprising the increased precision down to the 
second precision; and 

inserting the transform coefficient block into a data stream. 
23. A method for reconstructing a block ofa picture by intra 

prediction, comprising: 
determining reconstructed values of neighboring image 

samples of the picture, neighboring the block from a data 
stream at a first fixed point precision; 

extracting an intra-prediction parameter from the data 
stream; and 

determining a prediction value for a predetermined image 
sample of the block from the reconstructed values of the 
neighboring image samples by performing an interpola-
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tion between the reconstructed values of the neighboring 
image samples at an intersection between a line crossing 
the predetermined image sample and extending in a 
predetermined direction selected from a set of possible 
directions in dependence of the intra-prediction param­
eter and a line along which the reconstructed neighbor­
ing image samples serially extend, with, for a subset of 
the possible directions, provisionally performing the 
interpolation at a second fixed point precision increased 
relative to the first fixed point precision by an amount 
depending on the predetermined direction and then 
rounding the prediction value to the first precision. 

24. A computer readable digital storage medium having 
stored thereon a computer program comprising a program 
code for performing, when running on a computer, a method 
for intra predicting a block to be predicted of a picture from 
neighboring image samples sequentially extending along two 
rays, starting at a common intersection point and pointing into 
a different direction, the neighboring image samples compris­
ing edge neighboring samples bordering the block to be pre­
dicted, said method comprising: 

one-dimensionally filtering the neighboring image 
samples sequentially arranged into a sequence by anti­
parallelly traveling along a first one of the two rays and 
parallelly traveling along a second one of the two rays to 
achieve a filtered image sample sequence; and 

determining a prediction value for a predetermined image 
sample of the block to be predicted by using the filtered 
image sample sequence. 

25. A computer readable digital storage medium having 
stored thereon a computer program comprising a program 
code for performing, when running on a computer, a method 
for reconstructing a block of a picture defined in a first pre­
cision by prediction, said method comprising: 

reconstructing a reference image sample from a data 
stream at a second precision being equal to or greater 
than the first precision; 

extracting a transform coefficient block for the block from 
the data stream; 

determining predicted image samples for the block from 
the reconstructed reference image samples at a third 
precision higher than the second precision; 

applying an inverse spectral decomposition transform to 
the transform coefficient block to achieve reconstructed 
residual sample values for the block at a fourth precision 
greater than the first precision; and 

reconstructing the block by summation of the predicted 
image samples and the reconstructed residual sample 
values at an increased precision equal to or greater than 
at least one of the third and fourth precisions and reduc­
ing a result of the summation comprising the increased 
precision down to the second precision. 

26. A computer readable digital storage medium having 
stored thereon a computer program comprising a program 
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code for performing, when running on a computer, a method 
for encoding a block of a picture defined in a first precision, 
said method comprising: 

reconstructing reference image samples at a second preci­
sion being equal or greater than the first precision; 

determining predicted image samples for the block from 
the reconstructed reference image samples at a third 
precision higher than the second precision; 

comparing the predicted image samples and original image 
samples of the block of the picture defined in the first 
precision to determine residual sample values for the 
block; 

applying a spectral decomposition transform to the 
achieved residual sample values and using a quantiza­
tion to achieve a transform coefficient block; 

applying an inverse spectral decomposition transform to 
the transform coefficient block to achieve the recon­
structed residual sample values for the block at a fourth 
precision greater than the first precision; 

achieving reconstructed image samples of the block by 
summation of the predicted image samples and the 
reconstructed residual sample values at an increased 
precision equal to or greater than at least one of the third 
and fourth precisions and reducing a result of the sum­
mation comprising the increased precision down to the 
second precision; and 

inserting the transform coefficient block into a data stream. 
27. A computer readable digital storage medium having 

stored thereon a computer program comprising a program 
code for performing, when running on a computer, a method 
for reconstructing a block of a picture by intra prediction, said 
method comprising: 

determining reconstructed values of neighboring image 
samples of the picture, neighboring the block from a data 
stream at a first fixed point precision; 

extracting an intra-prediction parameter from the data 
stream; and 

determining a prediction value for a predetermined image 
sample of the block from the reconstructed values of the 
neighboring image samples by performing an interpola­
tion between the reconstructed values of the neighboring 
image samples at an intersection between a line crossing 
the predetermined image sample and extending in a 
predetermined direction selected from a set of possible 
directions in dependence of the intra-prediction param­
eter and a line along which the reconstructed neighbor­
ing image samples serially extend, with, for a subset of 
the possible directions, provisionally performing the 
interpolation at a second fixed point precision increased 
relative to the first fixed point precision by an amount 
depending on the predetermined direction and then 
rounding the prediction value to the first precision. 

* * * * * 
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