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Description

[0001] The present invention relates to methods and devices for encoding or decoding a sequence of digital images.
[0002] The invention may be applied in the field of digital signal processing, and in particular in the field of video
compression using motion compensation to reduce spatial and temporal redundancies in video streams.
[0003] Many video compression formats, such as for example H.263, H.264, MPEG-1, MPEG-2, MPEG-4, SVC, use
block-based discrete cosine transform (DCT) and motion compensation to remove spatial and temporal redundancies.
They are often referred to as predictive video formats. Each frame or image of the video signal is divided into slices
which are encoded and can be decoded independently. A slice is typically a rectangular portion of the frame, or more
generally, a portion of a frame or an entire frame. Further, each slice may be divided into macroblocks (MBs), and each
macroblock is further divided into blocks, typically blocks of 64x64, 32x32, 16x16 or 8x8 pixels.
[0004] In High Efficiency Video Coding (HEVC) blocks of from 64x64, to 4x4 may be used. The partitioning is organized
according to a quad-tree structure based on the largest coding unit (LCU). An LCU corresponds to a square block of
64x64. If an LCU needs to be divided, a split flag indicates that the LCU is split into 4 32x32 blocks. In the same way, if
any of these 4 blocks need to be split, the split flag is set to true and the 32x32 block is divided into 4 16x16 blocks etc.
When a split flag is set to false, the current block is a coding unit CU. A CU has a size equal to 64x64, 32x32, 16x16 or
8x8 pixels.
[0005] There are two families of coding modes for coding blocks of an image: coding modes based on spatial prediction,
referred to as INTRA prediction and coding modes based on temporal prediction (INTER, Merge, Skip). In both spatial
and temporal prediction modes, a residual is computed by subtracting the prediction from the original block.
[0006] An INTRA block is generally predicted by an INTRA prediction process from the encoded pixels at its causal
boundary. In INTRA prediction, a prediction direction is encoded.
[0007] Temporal prediction consists in finding in a reference frame, either a previous or a future frame of the video
sequence, an image portion or reference area which is the closest to the block to be encoded. This step is typically
known as motion estimation. Next, the block to be encoded is predicted using the reference area in a step typically
referred to as motion compensation - the difference between the block to be encoded and the reference portion is
encoded, along with an item of motion information relative to the motion vector which indicates the reference area to
use for motion compensation. In temporal prediction, at least one motion vector is encoded.
[0008] In order to further reduce the cost of encoding motion information, rather than directly encoding a motion vector,
assuming that motion is homogeneous the motion vector may be encoded in terms of a difference between the motion
vector and a motion vector predictor, typically computed from one or more motion vectors of the blocks surrounding the
block to be encoded.
[0009] In H.264, for instance motion vectors are encoded with respect to a median predictor computed from the motion
vectors situated in a causal neighbourhood of the block to be encoded, for example from the three blocks situated above
and to the left of the block to be encoded. Only the difference, referred to as a residual motion vector, between the
median predictor and the current block motion vector is encoded in the bitstream to reduce the encoding cost.
[0010] Encoding using residual motion vectors saves some bitrate, but necessitates that the decoder performs the
same computation of the motion vector predictor in order to decode the value of the motion vector of a block to be decoded.
[0011] Both encoding and decoding processes may involve a decoding process of an encoded image. This process
is typically performed at the encoder side for the purpose of future motion estimation which enables an encoder and a
corresponding decoder to have the same reference frames.
[0012] To reconstruct the coded frame, the residual is inverse quantized and inverse transformed in order to provide
the "decoded" residual in the pixel domain. The first reconstruction is then filtered by one or several kinds of post filtering
processes. These post filters are applied on the reconstructed frame at encoder and decoder side in order that the same
reference frame is used at both sides. The aim of this post filtering is to remove compression artifact. For example,
H.264/AVC uses a deblocking filter. This filter can remove blocking artifacts due to the DCT quantization of residual and
to block motion compensation. In the current HEVC standard, 3 types of loop filters are used: deblocking filter, sample
adaptive offset (SAO) and adaptive loop filter (ALF).
[0013] Figure 1 is a flow chart illustrating steps of loop filtering process of a known HEVC implementation. In an initial
step 101, the encoder or decoder generates the reconstruction of the full frame. Next, in step 102 a deblocking filter is
applied on this first reconstruction in order to generate a deblocked reconstruction 103. The aim of the deblocking filter
is to remove block artifacts generated by residual quantization and block motion compensation or block Intra prediction.
These artifacts are visually important at low bitrates. The deblocking filter operates to smooth the block boundaries
according to the characteristics of two neighboring blocks. The encoding mode of each block, the quantization parameters
used for the residual coding, and the neighboring pixel differences in the boundary are taken into account. The same
criterion/classification is applied for all frames and no additional data is transmitted. The deblocking filter improves the
visual quality of the current frame by removing blocking artifacts and it also improves the motion estimation and motion
compensation for subsequent frames. Indeed, high frequencies of the block artifact are removed, and so these high
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frequencies do not need to be compensated for with the texture residual of the following frames.
[0014] After the deblocking filter, the deblocked reconstruction is filtered by a sample adaptive offset (SAO) loop filter
in step 104. The resulting frame 105 is then filtered with an adaptive loop filter (ALF) in step 106 to generate the
reconstructed frame 107 which will be displayed and used as a reference frame for the following Inter frames.
[0015] The aim of SAO loop filter and the ALF is to improve frame reconstruction by sending additional data as opposed
to a deblocking filter where no information is transmitted.
[0016] The principle of SAO loop filter is to classify each pixel into a class and to add the same offset value to the
respective pixel value of each pixel of the class. Thus one offset is transmitted for each class. SAO loop filtering provides
two kinds of classification for a frame area: edge offset and band offset.
[0017] Edge offset classification involves determining a class for each pixel by comparing its corresponding pixel value
to the pixel values of two neighboring pixels. Moreover, the two neighboring pixels depend on a parameter which indicates
the direction of the 2 neighboring pixels. These directions are a 0-degree (horizontal direction), a 45-degree (diagonal
direction), a 90-degree (vertical direction) and a 135-degree (second diagonal direction). In the following these directions
are called "type" of edge offset classification.
[0018] The second type of classification is a band offset classification which depends on the pixel value. A class in
SAO band offset corresponds to a range of pixel values. Thus, the same offset is added to all pixels having a pixel value
within a given range of pixel values.
[0019] In order to be more adaptive to the frame content, it has been proposed to apply SAO filtering based on a quad-
tree structure to encode the SAO. Consequently, the frame area which corresponds to a leaf node of the quad tree may
or may not be filtered by SAO such that only some areas are filtered. Moreover, when SAO is enabled, only one SAO
classification is used: edge offset or band offset according to the related parameters transmitted for each classification.
Finally, for each SAO leaf node, the SAO classification as well as its parameters and the offsets of all classes are
transmitted.
[0020] The main advantage of the quad-tree is to follow efficiently the local properties of the signal. However, it requires
a dedicated encoding in the bitstream. Another solution replacing the quad-tree based encoding of the SAO parameters
by an encoding at the LCU level can be also envisaged.
[0021] An image of video data to be encoded may be provided as a set of two-dimensional arrays (also known as
colour channels) of sample values, each entry of which represents the intensity of a colour component such as a measure
of luma brightness and chroma colour deviations from neutral grayscale colour toward blue or red (YUV) or as a measure
of red, green, or blue light component intensity (RGB). A YUV model defines a colour space in terms of one luma (Y)
and two chrominance (UV) components. Generally Y stands for the luma component (brightness) and U and V are the
chrominance (colour) or chroma components.
[0022] SAO filtering is typically applied independently on Luma and on both U and V Chroma components.
[0023] A known implementation of SAO band offset described in CHIH-MING FU et al.: "Sample adaptive offset for
HEVC", Multimedia Signal Processing (MMSP), 2011 IEEE 13th International Workshop On, IEEE, 17 October 2011,
pages 1-5, XP032027547, DOI: 10.1109/MMSP.2011.6093807 ISBN: 978-1-4577-1432-0 splits the range of pixel values
into predefined 32 ranges of the same size as depicted in Figure 2. The minimum value of the range of pixel values is
systematically 0 and the maximum value depends on the bit-depth of the pixel values according to the following relationship
Max = 2Bitdepth -1. For example, when the bit-depth is 8 bits, the maximum value of a pixel can be 255. Thus, the range
of pixel values is between 0 and 255. For this bit-depth of 8 bits, each class includes a range of 16 pixel values. Moreover
for SAO band offset, 2 groups of classes are considered. The first one contains 16 successive classes in the center of
the range of pixel values as depicted in grey color in Figure 2. The second group also contains 16 classes but on both
ends of the range of pixel values as depicted in hatched in Figure 2. For SAO band offset of a frame area, the group
used for the classification and the 16 offsets are inserted in the bitstream.
[0024] Figure 3 is a flow chart illustrating steps of a method for selecting offsets in an encoder for a current frame
region 303. The frame area contains N pixels. In an initial step 301 the variables Sumj and SumNbPixj are set to a value
of zero for each of the 16 ranges. j denotes the current range or class number. Sumj denotes the sum of the difference
between the value of the pixels in the range j and the value of their corresponding original pixels. SumNbPixj denotes
the number of pixels in the range j .
[0025] In step 302, the counter variable i is set to the value zero. Next, the first pixel of the frame area 303 is extracted
in step 304. It is assumed that the current SAO group being processed is known (First or second as depicted in Figure
2). If it is determined in step 305 that the pixel value Pi is not in the current SAO group then the counter variable i value
is incremented in step 308 in order to classify subsequent pixels of the frame area 303. Otherwise if it is determined in
step 305 that the pixel value Pi is in the current SAO group the range number (or class number) j corresponding to the
value of Pi is found in step 306. In subsequent step 307 the corresponding SumNbPixj variable is incremented and the

difference between Pi and its original value  is added to Sumj. In the following step, the counter variable i is



EP 3 396 957 B1

5

5

10

15

20

25

30

35

40

45

50

55

incremented in order to apply the classification to the other pixels of the frame area 303. In step 309 it is determined
whether or not all the N pixels of the frame area 303 have been classified (i.e. is i≥=N), if yes, an Offset j for each class
is computed in step 310 in order to produce an offset table 311 presenting an offset for each class j as the final result
of the offset selection algorithm. This offset is computed as the average of the difference between the pixel values of
the pixels of class j and their respective original pixel values. The, Offset j for class j is given by the following equation: 

[0026] Figure 4 is a flow chart illustrating steps of a decoding process applying the SAO band offsets to corresponding
groups of classes. This process may also be applied at encoder side in order to produce the reference frame used for
the motion estimation and compensation of subsequent frames.
[0027] An initial step 401 of the process involves decoding the offset values for each class of pixel values in order to
produce an offsets table 402. At the encoder side, the offsets table 402 is the result of the selection algorithm shown in
Figure 3. Thus, at encoder side, step 401 is replaced by the offset selection algorithm of Figure 3.
[0028] In step 403 a counter variable i is set to 0. Pixel Pi is extracted in step 405 from a frame area 404 which contains
N pixels. In step 406 it is determined whether or not pixel Pi belongs to the current group of classes. If it is determined
that pixel Pi is in the current group of classes, the related class number j is identified and the related offset value Offset

j is extracted in step 409 from the offsets table 402. The extracted offset value Offset j is then added to the pixel value

of Pi in step 410 in order to produce the filtered pixel value  in step 411. The filtered pixel value is then inserted into
the filtered frame area 415 in step 412 at the corresponding pixel.
[0029] If in step 406 it is determined that pixel Pi is not in the SAO band offset group then the pixel value of Pi is put
into the filtered frame area 415 in step 412 without filtering. After step 412, the counter variable i is incremented in order
to filter, if necessary, the subsequent pixels of the current frame area 404. After it has been determined in step 414 that
all the N pixels of the frame area have been processed (i.e. i≥=N) the filtered frame area 415 is reconstructed and can
be added to the SAO reconstructed frame (cf. frame 105 of Figure 1).
[0030] A drawback of the known process for selection of compensations is that it is not adapted to different variations
in image pixel content and to the different types of components of image pixels.
[0031] The present invention has been devised to address one or more of the foregoing concerns.
[0032] According to a first aspect of the present invention there is provided a method of encoding an image as defined
by any one of claims 1 to 4.
[0033] According to a second aspect of the present invention there is provided a method of decoding an image as
defined by claim 5.
[0034] According to a third aspect of the present invention there is provided a signal carrying an information dataset
for an image represented by a video bitstream as defined by claim 8.
[0035] According to a fourth aspect of the present invention there is provided an encoding device for encoding an
image as defined by claim 9.
[0036] According to a fifth aspect of the present invention there is provided a device for decoding an image as defined
by claim 10.
[0037] In the context of the present invention a sample may correspond to a single pixel, with a sample value corre-
sponding to the respective pixel value. Alternatively a sample may comprise a plurality of pixels, and the sample value
may correspond to a pixel value determined from the pixel values of the plurality of pixels.
[0038] At least parts of the methods according to the invention may be computer implemented. Accordingly, the present
invention may take the form of an entirely hardware embodiment, an entirely software embodiment (including firmware,
resident software, micro-code, etc.) or an embodiment combining software and hardware aspects that may all generally
be referred to herein as a "circuit", "module" or "system". Furthermore, the present invention may take the form of a
computer program product embodied in any tangible medium of expression having computer usable program code
embodied in the medium.
[0039] Since the present invention can be implemented in software, the present invention can be embodied as computer
readable code for provision to a programmable apparatus on any suitable carrier medium. A tangible carrier medium
may comprise a storage medium such as a floppy disk, a CD-ROM, a hard disk drive, a magnetic tape device or a solid
state memory device and the like. A transient carrier medium may include a signal such as an electrical signal, an
electronic signal, an optical signal, an acoustic signal, a magnetic signal or an electromagnetic signal, e.g. a microwave
or RF signal.
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[0040] Thus, according to a sixth aspect of the present invention there is provided a computer program product as
defined by claim 6.
[0041] According to a seventh aspect of the present invention there is provided a computer-readable storage medium
as defined by claim 7.
[0042] Embodiments of the invention will now be described, by way of example only, and with reference to the following
drawings in which:-

Figure 1 is a flow chart illustrating steps of a loop filtering process of the prior art;

Figure 2 graphically illustrates a sample adaptive band offset classification of a HEVC process of the prior art;

Figure 3 is a flow chart illustrating steps of a process for determining compensation offsets for SAO band offset of
HEVC;

Figure 4 is a flow chart illustrating steps of a SAO band offset filtering process of HEVC;

Figure 5 is a block diagram schematically illustrating a data communication system in which one or more embodiments
of the invention may be implemented;

Figure 6 is a block diagram illustrating components of a processing device in which one or more embodiments of
the invention may be implemented;

Figure 7 is a flow chart illustrating steps of an encoding method according to embodiments of the invention;

Figure 8 is a flow chart illustrating steps of a loop filtering process of in accordance with one or more embodiments
of the invention;

Figure 9 is a flow chart illustrating steps of a decoding method according to embodiments of the invention;

Figure 10 is a flow chart illustrating steps of a method for determining SAO bandoffset classification not embodying
the invention;

Figure 11 is a flow chart illustrating steps of a method for determining an equiprobable classification in the Figure
10 method;

Figure 12 is a flow chart illustrating steps of a method for determining an equiprobable classification as an alternative
to the steps of Figure 11;

Figure 13 illustrates several sizes of the useful range for classification in accordance with an embodiment of the
invention;

Figure 14 illustrates several sizes of classes for the classification in accordance with an embodiment of the invention;

Figure 15 illustrates several sizes of classes in a useful range for the classification in accordance with an embodiment
of the invention;

Figure 16 illustrates several center positions of a useful range of a first group for the classification in accordance
with an embodiment of the invention;

Figure 17 illustrates several center positions of a useful range of the second group for the classification in accordance
with an embodiment of the invention; and

Figure 18 illustrates the rate distortion selection of the parameters classification in accordance with an embodiment
of the invention.

Figures 19a and 19b illustrate possible positions of the useful range within the full range in accordance with another
embodiment of the invention.
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Figure 20A illustrates a pseudo code applied in the prior art to encode the SAO parameters at the LCU level.

Figure 20B illustrates an improved pseudo code according to an embodiment of the invention to encode the SAO
parameters at the LCU level.

Figure 21 is a flow chart corresponding to the pseudo code of figure 20A.

Figure 22 is a flow chart corresponding to the pseudo code of figure 20B.

Figure 23 is a flow chart for use in explaining encoding of the SAO parameters according to a further embodiment
of the present invention.

Figure 24 illustrates a pseudo code used to encode the SAO parameters in accordance with yet another embodiment
of the present invention.

Figure 25 is a flow chart corresponding to the pseudo code of figure 24.

Figure 26 is a flow chart for use in explaining encoding of the SAO parameters according to a still further embodiment
of the present invention.

[0043] Figure 5 illustrates a data communication system in which one or more embodiments of the invention may be
implemented. The data communication system comprises a transmission device, in this case a server 501, which is
operable to transmit data packets of a data stream to a receiving device, in this case a client terminal 502, via a data
communication network 500. The data communication network 500 may be a Wide Area Network (WAN) or a Local
Area Network (LAN). Such a network may be for example a wireless network (Wifi / 802.11 a or b or g), an Ethernet
network, an Internet network or a mixed network composed of several different networks. In a particular embodiment of
the invention the data communication system may be a digital television broadcast system in which the server 501 sends
the same data content to multiple clients.
[0044] The data stream 504 provided by the server 501 may be composed of multimedia data representing video and
audio data. Audio and video data streams may, in some embodiments of the invention, be captured by the server 501
using a microphone and a camera respectively. In some embodiments data streams may be stored on the server 501
or received by the server 501 from another data provider, or generated at the server 501. The server 501 is provided
with an encoder for encoding video and audio streams in particular to provide a compressed bitstream for transmission
that is a more compact representation of the data presented as input to the encoder.
[0045] In order to obtain a better ratio of the quality of transmitted data to quantity of transmitted data, the compression
of the video data may be for example in accordance with the HEVC format or H.264/AVC format.
[0046] The client 502 receives the transmitted bitstream and decodes the reconstructed bitstream to reproduce video
images on a display device and the audio data by a loud speaker.
[0047] Although a streaming scenario is considered in the example of Figure 5, it will be appreciated that in some
embodiments of the invention the data communication between an encoder and a decoder may be performed using for
example a media storage device such as an optical disc.
[0048] In one or more embodiments of the invention a video image is transmitted with data representative of compen-
sation offsets for application to reconstructed pixels of the image to provide filtered pixels in a final image.
[0049] Figure 6 schematically illustrates a processing device 600 configured to implement at least one embodiment
of the present invention. The processing device 600 may be a device such as a micro-computer, a workstation or a light
portable device. The device 600 comprises a communication bus 613 connected to:

- a central processing unit 611, such as a microprocessor, denoted CPU;
- a read only memory 607, denoted ROM, for storing computer programs for implementing the invention;
- a random access memory 612, denoted RAM, for storing the executable code of the method of embodiments of the

invention as well as the registers adapted to record variables and parameters necessary for implementing the method
of encoding a sequence of digital images and/or the method of decoding a bitstream according to embodiments of
the invention; and

- a communication interface 602 connected to a communication network 603 over which digital data to be processed
are transmitted or received

[0050] Optionally, the apparatus 600 may also include the following components:
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- a data storage means 604 such as a hard disk, for storing computer programs for implementing methods of one or
more embodiments of the invention and data used or produced during the implementation of one or more embod-
iments of the invention;

- a disk drive 605 for a disk 606, the disk drive being adapted to read data from the disk 606 or to write data onto said disk;
- a screen 609 for displaying data and/or serving as a graphical interface with the user, by means of a keyboard 610

or any other pointing means.

[0051] The apparatus 600 can be connected to various peripherals, such as for example a digital camera 620 or a
microphone 608, each being connected to an input/output card (not shown) so as to supply multimedia data to the
apparatus 600.
[0052] The communication bus provides communication and interoperability between the various elements included
in the apparatus 600 or connected to it. The representation of the bus is not limiting and in particular the central processing
unit is operable to communicate instructions to any element of the apparatus 600 directly or by means of another element
of the apparatus 600.
[0053] The disk 606 can be replaced by any information medium such as for example a compact disk (CD-ROM),
rewritable or not, a ZIP disk or a memory card and, in general terms, by an information storage means that can be read
by a microcomputer or by a microprocessor, integrated or not into the apparatus, possibly removable and adapted to
store one or more programs whose execution enables the method of encoding a sequence of digital images and/or the
method of decoding a bitstream according to the invention to be implemented.
[0054] The executable code may be stored either in read only memory 607, on the hard disk 604 or on a removable
digital medium such as for example a disk 606 as described previously. According to a variant, the executable code of
the programs can be received by means of the communication network 603, via the interface 602, in order to be stored
in one of the storage means of the apparatus 600 before being executed, such as the hard disk 604.
[0055] The central processing unit 611 is adapted to control and direct the execution of the instructions or portions of
software code of the program or programs according to the invention, instructions that are stored in one of the afore-
mentioned storage means. On powering up, the program or programs that are stored in a non-volatile memory, for
example on the hard disk 604 or in the read only memory 607, are transferred into the random access memory 612,
which then contains the executable code of the program or programs, as well as registers for storing the variables and
parameters necessary for implementing the invention.
[0056] In this embodiment, the apparatus is a programmable apparatus which uses software to implement the invention.
However, alternatively, the present invention may be implemented in hardware (for example, in the form of an Application
Specific Integrated Circuit or ASIC).
[0057] Figure 7 illustrates a block diagram of an encoder according to at least one embodiment of the invention. The
encoder is represented by connected modules, each module being adapted to implement, for example in the form of
programming instructions to be executed by the CPU 611 of device 600, at least one corresponding step of a method
implementing at least one embodiment of encoding an image of a sequence of images according to one or more
embodiments of the invention.
[0058] An original sequence of digital images i0 to in 701 is received as an input by the encoder 70. Each digital image
is represented by a set of samples, known as pixels.
[0059] A bitstream 710 is output by the encoder 70 after implementation of the encoding process. The bitstream 710
comprises a plurality of encoding units or slices, each slice comprising a slice header for transmitting encoding values
of encoding parameters used to encode the slice and a slice body, comprising encoded video data.
[0060] The input digital images i0 to in 701 are divided into blocks of pixels by module 702. The blocks correspond to
image portions and may be of variable sizes (e.g. 4x4, 8x8, 16x16, 32x32, 64x64 pixels). A coding mode is selected for
each input block. Two families of coding modes are provided: coding modes based on spatial prediction coding (Intra
prediction), and coding modes based on temporal prediction (Inter coding, Merge, SKIP). The possible coding modes
are tested.
[0061] Module 703 implements an Intra prediction process, in which the given block to be encoded is predicted by a
predictor computed from pixels of the neighbourhood of said block to be encoded. An indication of the selected Intra
predictor and the difference between the given block and its predictor is encoded to provide a residual if the Intra coding
is selected.
[0062] Temporal prediction is implemented by motion estimation module 704 and motion compensation module 705.
Firstly a reference image from among a set of reference images 716 is selected, and a portion of the reference image,
also called reference area or image portion, which is the closest area to the given block to be encoded, is selected by
the motion estimation module 704. Motion compensation module 705 then predicts the block to be encoded using the
selected area. The difference between the selected reference area and the given block, also called a residual block, is
computed by the motion compensation module 705. The selected reference area is indicated by a motion vector.
[0063] Thus in both cases (spatial and temporal prediction), a residual is computed by subtracting the prediction from



EP 3 396 957 B1

9

5

10

15

20

25

30

35

40

45

50

55

the original block.
[0064] In the INTRA prediction implemented by module 703, a prediction direction is encoded. In the temporal prediction,
at least one motion vector is encoded.
[0065] Information relative to the motion vector and the residual block is encoded if the Inter prediction is selected. To
further reduce the bitrate, assuming that motion is homogeneous, the motion vector is encoded by difference with respect
to a motion vector predictor. Motion vector predictors of a set of motion information predictors is obtained from the motion
vectors field 718 by a motion vector prediction and coding module 717.
[0066] The encoder 70 further comprises a selection module 706 for selection of the coding mode by applying an
encoding cost criterion, such as a rate-distortion criterion. In order to further reduce redundancies a transform (such as
DCT) is applied by transform module 707 to the residual block, the transformed data obtained is then quantized by
quantization module 708 and entropy encoded by entropy encoding module 709. Finally, the encoded residual block of
the current block being encoded is inserted into the bitstream 710.
[0067] The encoder 70 also performs decoding of the encoded image in order to produce a reference image for the
motion estimation of the subsequent images. This enables the encoder and the decoder receiving the bitstream to have
the same reference frames. The inverse quantization module 711 performs inverse quantization of the quantized data,
followed by an inverse transform by reverse transform module 712. The reverse intra prediction module 713 uses the
prediction information to determine which predictor to use for a given block and the reverse motion compensation module
714 actually adds the residual obtained by module 712 to the reference area obtained from the set of reference images 716.
[0068] Post filtering is then applied by module 715 to filter the reconstructed frame of pixels. In the embodiments of
the invention an SAO loop filter is used in which compensation offsets are added to the pixel values of the reconstructed
pixels of the reconstructed image
[0069] Figure 8 is a flow chart illustrating steps of loop filtering process according to at least one embodiment of the
invention. In an initial step 801, the encoder generates the reconstruction of the full frame. Next, in step 802 a deblocking
filter is applied on this first reconstruction in order to generate a deblocked reconstruction 803. The aim of the deblocking
filter is to remove block artifacts generated by residual quantization and block motion compensation or block Intra
prediction. These artifacts are visually important at low bitrates. The deblocking filter operates to smooth the block
boundaries according to the characteristics of two neighboring blocks. The encoding mode of each block, the quantization
parameters used for the residual coding, and the neighboring pixel differences in the boundary are taken into account.
The same criterion/classification is applied for all frames and no additional data is transmitted. The deblocking filter
improves the visual quality of the current frame by removing blocking artifacts and it also improves the motion estimation
and motion compensation for subsequent frames. Indeed, high frequencies of the block artifact are removed, and so
these high frequencies do not need to be compensated for with the texture residual of the following frames.
[0070] After the deblocking filter, the deblocked reconstruction is filtered by a sample adaptive offset (SAO) loop filter
in step 804 based on a classification of pixels 814 determined in accordance with embodiments of the invention. The
resulting frame 805 may then be filtered with an adaptive loop filter (ALF) in step 806 to generate the reconstructed
frame 807 which will be displayed and used as a reference frame for the following Inter frames.
[0071] In step 804 each pixel of the frame region is classified into a class of the determined classification according
to its pixel value. A class corresponds to a determined range of pixel values. The same compensation offset value is
added to the pixel value of all pixels having a pixel value within the given range of pixel values.
[0072] The determination of the classification of the pixels for the sample adaptive offset filtering will be explained in
more detail hereafter with reference to any one of Figures 10 to 17.
[0073] Figure 9 illustrates a block diagram of a decoder 90 which may be used to receive data from an encoder
according an embodiment of the invention. The decoder is represented by connected modules, each module being
adapted to implement, for example in the form of programming instructions to be executed by the CPU 611 of device
600, a corresponding step of a method implemented by the decoder 90.
[0074] The decoder 90 receives a bitstream 901 comprising encoding units, each one being composed of a header
containing information on encoding parameters and a body containing the encoded video data. As explained with respect
to Figure 7, the encoded video data is entropy encoded, and the motion vector predictors’ indexes are encoded, for a
given block, on a predetermined number of bits. The received encoded video data is entropy decoded by module 902.
The residual data are then dequantized by module 903 and then a reverse transform is applied by module 904 to obtain
pixel values.
[0075] The mode data indicating the coding mode are also entropy decoded and based on the mode, an INTRA type
decoding or an INTER type decoding is performed on the encoded blocks of image data.
[0076] In the case of INTRA mode, an INTRA predictor is determined by intra reverse prediction module 905 based
on the intra prediction mode specified in the bitstream.
[0077] If the mode is INTER, the motion prediction information is extracted from the bitstream so as to find the reference
area used by the encoder. The motion prediction information is composed of the reference frame index and the motion
vector residual. The motion vector predictor is added to the motion vector residual in order to obtain the motion vector



EP 3 396 957 B1

10

5

10

15

20

25

30

35

40

45

50

55

by motion vector decoding module 910.
[0078] Motion vector decoding module 910 applies motion vector decoding for each current block encoded by motion
prediction. Once an index of the motion vector predictor, for the current block has been obtained the actual value of the
motion vector associated with the current block can be decoded and used to apply reverse motion compensation by
module 906. The reference image portion indicated by the decoded motion vector is extracted from a reference image
908 to apply the reverse motion compensation 906. The motion vector field data 911 is updated with the decoded motion
vector in order to be used for the inverse prediction of subsequent decoded motion vectors.
[0079] Finally, a decoded block is obtained. Post filtering is applied by post filtering module 907 similarly to post filtering
module 715 applied at the encoder as described with reference to Figure 7. A decoded video signal 909 is finally provided
by the decoder 90.
[0080] Figure 10 is a flow chart illustrating steps of a method - not embodying the present invention - for classifying
reconstructed pixels of an image for application of compensation offsets. In this method, classes for classification of the
reconstructed pixels of the frame region according to their pixel value are determined based on the statistical distribution
of the reconstructed pixel values of the frame region. The center, the useful range and the amount of pixels per class
are determined based on the distribution of pixel values. In this method, the decoder can apply exactly the same process
as the decoder for the segmentation of the distribution.
[0081] In an initial step of the process module 1002 scans a current frame area 1001 in order to determine statistical
distribution of the pixel values of the pixels of the frame area 1001 and to generate a corresponding histogram 1003. In
one particular implementation this process involves updating a table which contains the number of pixels for each pixel
value i.e. for each pixel value, the number of pixels having that pixel value is tabulated. The table contains a number of
cells equal to MAX the maximum pixel value determined according to the expression Max = 2Bitdepth -1, based on the
bit-depth of the pixels.
[0082] Module 1004 then determines the center of the generated histogram 1003. The useful range of pixel values of
the histogram is then determined by module 1006 according to the distribution of the pixel values represented in histogram
1003 and where appropriate based on the center of the histogram. Finally, the equiprobable classes defining ranges of
pixel values are determined. A table 1009 is thus provided containing the range of pixel values of each class or alternatively
a table which contains the pixel values of each pixel. The determination of equiprobable classes can depend on a pre-
determined number of classes 1000.
[0083] In step 1004 various algorithms may be employed to determine the center of the generated histogram 1003.
For example, the minimum value MinHist and the maximum value MaxHist of the histogram may be found. In order to find
the minimum value MinHist, the cells of the histogram Histk are scanned from pixel value 0 to the first cell Histk of the
histogram which is not equal to 0. And to find MaxHist, the cells are scanned in inverse order (from the maximum pixel
value MAX to the first cell of the histogram Histk which is not equal to 0). The center of the histogram CenterHist is
computed as follows: 

[0084] In an alternative example, the center of the histogram is considered to be the weighted average center of the
distribution. If it is considered that the value of histogram cell Histk is the number of pixels which have the value k,
CenterHist is computed as follows: 

where N is the number of pixels in the current frame area.
[0085] In step 1006 one potential technique for determining the useful range of the generated histogram is to select-
MinHist and MaxHist described above for both ends of the useful range.
[0086] In another example the minimum value of the histogram MinRange is determined by a scanning from 0 to the
first Histk which has a value superior to a threshold α . In the same way, MaxRange is determined by inverse scanning
from the maximum pixel value MAX to the first Histk which is superior to a threshold α. The threshold α may be a
predetermined value. Alternatively the threshold α may depend on the number of pixels in the frame area and/or on the
component type of the input signal (Chroma and Luma).
[0087] In one particular embodiment, it may be considered that the number of classes is known at the encoder and
decoder side. The number of classes of pixel values may depend, for example, on the number of pixels in the current
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frame area according to each component (Luma, Chroma U and V).
[0088] In order to produce equiprobable classes, the number of pixels NbPixRange in the useful range 1007 is defined.
The number of pixels in the useful range NbPixRange is determined by scanning each histogram cell Histk from k= MinRange
to k=MaxRange. Then, the determined number of pixels in the useful range, NbPixRange, is divided by the number of
classes 1000 to determine the optimal number of pixels in each class NbPixclasses.
[0089] Figure 11 is a flow chart illustrating steps of an algorithm for determining equiprobable classes in the method
of Figure 10. In an initial step 1101, the number of classes j is set to 0 and the current pixel value k is set to MinRange .
For equiprobable classification, a class is identified by its range of pixel values. The class number j is thus identified by
its range aMinj; MaxjÌ from its minimum pixel value Minj to its Maximum pixel value Maxj.
[0090] In step 1103, the minimum pixel value Minj of current class indexed by j is set to the current pixel value k. Then
SumNbPixj is set to 0 in step 1104. SumNbPixj corresponds to the number of pixels in the range j. Then, the number of
pixels having pixel value k (Histk) is added to SumNbPixj in step 1105. In step 1106 it is determined whether or not the
sum of the number of pixels for the current class j SumNbPixj is superior to the number of pixels in classes NbPixclasses.
If this condition is not reached, the k value is incremented in step 1107 and the number of pixels Histk for the pixel value
k is added to SumNbPixj in step 1105. If it is determined that SumNbPixj > NbPixclasses or if k reaches the maximum
value of the useful range MaxRange, the maximum value for the current class j is equal to the current value of k in step
1108. At this stage, class j is defined - i.e. the range aMinj; MaxjÌ of class j has been determined. The variable k is
incremented in step 1109 in order to avoid obtaining the same pixel value in more than one class. Moreover, the variable
j is also incremented in step 1110 in order to define the range of pixel values for the next class. If the variable j is superior
to the number of classes NbPixclasses, then it may be considered that all classes have been defined in step 1112.
[0091] As a consequence the encoder will determine the offset value for each class j as described in relation to Figure
3 and transmit it to the decoder. The encoder and decoder will filter the frame area as described in reference to Figure 4.
[0092] It may be noted that in the algorithm of Figure 11, the number of classes NbClasses does not depend on the
pixel values because the number of classes is pre-determined based on a syntax value. Consequently in this algorithm,
the parsing of the SAO band offset is independent of the decoding of the other frames. It may be noted that the parsing
for SAO band offset includes the parsing of each offset.
[0093] In a further algorithm for determining equiprobable classification, the number of classes can be determined
according to the distribution of pixel values in the generated histogram. Indeed, when the amplitude of the useful range
is high or low, the number of classes should have an impact on the coding efficiency. Consequently, a better adaptable
classification may be provided by determining the number of pixels in each class as well as the number of pixel values.
[0094] Figure 12 is a flow chart illustrating steps of a further algorithm for providing a more adaptable classification.
This flow chart is based on the flow chart of the algorithm of Figure 11 where like end numbered modules perform
equivalent functions. However decision modules 1206 and 1211 of this algorithm operate different test conditions from
the test conditions operated by corresponding modules 1106 and 1111 of Figure 11.
[0095] In this algorithm decision module 1206 stops the loop based on k values and selects Maxj for class j, if SumNbPixj
> NbPixclasses OR if k reaches the maximum value of the useful range MaxRange OR if k - Minj is strictly lower than the
maximum range for a class (MaxClassRange). k - Minj corresponds to the number of pixel values in the current range of
class j. MaxClassRange is a predetermined maximum number of pixel values in the range. This range may depend on
the bit-depth, the number of pixels N in the frame area and the type of signal (Luma, Chroma U and V). For example,
when the bit-depth is 8, MaxClassRange for Luma component could be equal to 16 as in a HEVC implementation.
[0096] The advantage of the algorithm of Figure 12 compared to that of Figure 11, is that of its coding efficiency for a
pixel value distribution with large amplitude. This algorithm is more adaptable to the distribution.
[0097] It may be noted that in this algorithm, the determined number of classes depends on the pixel values, and so
the parsing of the current frame depends on the decoding of the previous frames. In order to be more robust to transmission
errors, the number of classes NbClasses is inserted into the bitstream. The transmission of such data has an insignificant
impact on coding efficiency.
[0098] The main advantage of the classification algorithms of Figures 10 to 12 is that the classification is adapted to
the pixel values distribution. Moreover the center, the useful range and the size of each class and their amount do not
need to be transmitted. Consequently as in the known HEVC implementation no additional data apart from data repre-
sentative of the offset of each class needs to be transmitted for the determined classification.
[0099] An embodiment of the invention for determining a classification and which involves signaling of parameters of
the classification will now be described with reference to Figure 13. The purpose of the present embodiment of classi-
fication is to provide an optimal classification of the distribution of pixel values. The difference compared to the previously-
described algorithms is that the classification is not directly determined based on the distribution of pixel values but on
a rate distortion criterion. In the present embodiment, the encoder selects the classification (group of classes), best
adapted to the pixel values distribution, from among predefined potential classifications (predetermined groups of class-
es). This selection is based on the rate distortion criterion. As in the previously-described algorithms, the center, the
useful range and the size of classes of the generated histogram representing the distribution of pixel values are deter-
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mined. In the present embodiment these parameters are transmitted in the bitstream. In order to minimize the impact
of the transmission of such data, the sizes of the classes and the related ranges are selected from among predefined
values. Consequently, the encoder inserts the center of the selected classification, the index related to the selected
classification and the sizes of the classes of the classification into the bitstream.
[0100] To provide an adaptation to the distribution of pixel values, several sizes of pixel value ranges are defined as
depicted in Figure 13. In Figure 13, the full range of pixel values is divided into 32 sub-ranges. For a first group of classes
relating to pixel values located in the center of the range of pixel values, 4 examples are represented 1301, 1302, 1303,
1304. The first example 1301 contains 26 ranges out of the potential 32 ranges. Thus, the useful range 1301 represents
13/16th of the full range. In the same way, 1302 represents only 8 ranges out of 32 potential ranges, i.e. ¨ of the full
range, 1303 represents 1/8th of the full range and 1304 1/16th of the full range. For the proposed scheme, all possible
sizes from the full range to a range corresponding to only one pixel value may be considered. The number of possible
useful ranges should be pre-determined according to the coding efficiency or to the pre-determined for the number of
pixels in the frame area.
[0101] Figure 13 also shows several examples of sizes for the second group of classes relating to pixel values located
at the edges of the range of pixel values. The second group includes two sub-groups of classes, one located towards
each edge of the histogram. Examples 1305, 1306, 1307, 1308 represent respectively the same number of pixel values
as examples 1301, 1302, 1303, 1304 of the first group.
[0102] In certain embodiments of the invention, the size of classes i.e. the range of pixel values per class, is not fixed,
compared to prior art methods. Figure 14 shows examples of several sizes 1401 to 1406. In this example, the class
sizes are from 32 pixels 1401 to only 1 pixel 1406. These class sizes could be combined with all the possible useful
ranges as described previously in relation to Figure 13. In this embodiment, it is considered that all classes have the
same size for a specific range of pixel values. Thus, for a group, data representative of the useful range size and the
size of classes are inserted into the bitstream.
[0103] In another embodiment, the sizes of classes for a given useful range are adapted according to the position of
the class in the useful range. More precisely, the sizes of the class are adapted to the distribution of the pixel values. In
the further embodiment, these sizes are predetermined for each useful range according to the pixel value distribution.
Indeed, the histogram of the pixel value distribution generally corresponds to a Gaussian distribution. The closer to the
center of the histogram a pixel value is, the more numerous the pixels having a pixel value close to this value are. It
means that a histogram cell Histk close to the center has a greater value (number of corresponding pixels) than a
histogram cell Histk at both ends of the useful range of the histogram.
[0104] Figure 15 shows examples of the two described embodiments for the sizes of classes. Example 1501 represents
a fixed size of 8 pixel values for a useful range of 32 pixel values. 1502 represents a fixed size of 4 pixel values for the
same useful range size.
[0105] Example 1503 illustrates the other embodiment for adaptive sizes of classes for a current range of 32 pixel
values. In this example, the classes at both ends of the useful range are larger i.e. have a wider range of pixel values,
than the classes in the center with respectively 8 pixel values and 2 pixel values. Between these classes, the 2 other
classes have a range of 4 pixel values.
[0106] The sizes of classes for the second group can also be adapted to the distribution of pixel values. The aim of
the second group of the current HEVC implementation is to exploit only the two ends of the histogram. Indeed, both
ends of the histogram contain the extreme values which are often related to high frequencies where the error (due to
the lossy coding) is usually higher compared to low frequencies. In the same way as in the first group, several sizes of
classes can be tested for the useful ranges of the second group. In that case, for the two sub-groups of the second
group, subdivisions 1501 and 1502 can be compared with the rate distortion criterion.
[0107] Moreover, the embodiment in which the sizes of classes are adapted may be applied. Example 1504 illustrates
the proposed adapted sizes of classes for the first range (left) of the second group. And example 1505 illustrates the
proposed adapted sizes of classes for the second sub-group (right) of the second group. In that case, the classes contain
more pixel values at both ends than the classes close to the center.
[0108] The aim of the second group is to exploit both ends of the histogram; consequently, it is sometimes useful to
use an inverse adaptation of sizes for the second group. In that case, example 1504 is used for the second sub-group
(right) and example 1505 is used for the first sub-group (left) of the second group. In this embodiment, the classes
contain less pixel values at both ends than the classes close to the center. In that case, the aim is not to produce an
equiprobable classification of classes but to find a better segmentation of both ends of the second group.
[0109] Since the statistical distribution of pixel values is not necessarily centered in the middle of the full range of pixel
values, a center of the distribution based on the useful range should to be determined and transmitted in the bitstream
with the image data . Figure 16 shows an example of a full range with different center positions for a useful range
corresponding to one quarter of the full range. As opposed to the example 1302 of Figure 13, for the four examples of
Figure 16, 1601, 1602, 1603, 1604 the center of the useful range is not located in the center of the full range. This
solution allows the selected classification to be adapted to the distribution of the pixel values.
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[0110] The determined center can then be coded for transmission in the bitstream. Several techniques can be envisaged
for coding of the data.
[0111] If it is considered that the bit-depth of the current frame area is 8 bits, the number of positions that could be
considered for the center value corresponds to 256 minus the size of the minimum useful range. For example, compared
to Figure 13, the minimum size of the useful range is equal to 2 and these 2 classes may contain at least 1 pixel. So for
this specific example, the center can take a value between 1 to 254, thus 254 positions may be considered for the center.
[0112] Another solution is to quantify the center value. In one embodiment, the center is coded according to the size
of classes. Thus, for example if the size of classes (or the minimum size of all classes of a current useful range when
the adapted class size scheme is used) is equal to one pixel value, the center is not quantified and can be all possible
center positions for the current useful range. If the size of the classes is 16 pixel values, as depicted in Figure 16, only
the pixel values every 16 pixel values can be considered. Thus, in Figure 16, the center for examples 1601, 1602, 1603
and 1604 are respectively 9, 23, 27 and 6. In another embodiment, only the center positions equal to a multiple of the
maximum size of classes defined in the algorithm may be considered. Thus, the center is equal to a pixel value divided
by the maximum size of classes. This offers a reduction in terms of number of bits to be transmitted.
[0113] Moreover, theoretically, the most probable center is the center of the full range. Thus, the data transmitted to
determine the center position at the decoder side is the difference between the center of the full range and the center
of the useful range of the current classification. Thus, for example in Figure 16, the data transmitted relative to the center
for examples 1601, 1602, 1603, 1604 are respectively 16-9=7, 16-23=-7, 16-27=-11, 16-6=10.
[0114] For the second group, the center of the histogram does not need to be coded. Thus, several schemes can be
considered to code the displacement of the two sub-groups for the second group. The proposed embodiments on the
quantization of the center value described for the first group can be easily extended to the proposed embodiments for
the second group.
[0115] In embodiments of the invention the position of the useful range (selected classification) may be specified with
the same precision or granularity across the full range, i.e. irrespective of the position of the classification within the full
range. This is the case in the examples 1601 to 1604 shown in Figure 16, where the positions (center positions) are 9,
23, 27 and 6. The full range is labeled from 0 to 32. There are 32 possible positions and the granularity is the same
across the full range.
[0116] However, it is also possible, as shown in Figures 19a and 19b to provide more possible positions in one part
of the full range than in another part of the full range, In other words, the granularity of the position varies in dependence
on where the classification is within the full range. These embodiments propose an unequal quantization of the full range
(here labeled from 0 to 32) with a variable granularity in order to position more precisely the center of the classification
(useful range) in the most important (or likely) parts of the full range. Also, the unequal quantization enables the number
of bits required to signal the position of the classification to be limited whilst still giving adequate precision in the important
parts of the full range. This finer granularity could be applied for instance in the middle of the full range as represented
in figure 19a. In this figure, the possible center positions correspond to indexes which are represented by a bold solid
line. The interval between two possible center positions is smaller in the middle of the full range than at the ends. Thus
the center position can be set more precisely in the middle of the full range than at the ends of the full range.
[0117] In figure 19b the interval between two possible center positions is smaller at both ends of the full range than
in the middle. For example, this embodiment can be particularly useful in case of having important sample values at
extreme values of the distribution.
[0118] More generally, a finer quantization could be applied at any place in the full range.
[0119] When variable quantization as described above is used the classification range (size of the useful range) can
be fixed for all positions. For instance, the classification range can comprise four classes, each made of 8 pixel values.
[0120] It is also possible to make the classification range/class sizes vary with position, so that in Figure 19a the
classification range is, say, 8 pixel values at positions 12 to 20, 16 pixel values at positions 10 and 26, and 32 pixel
values at positions 2 and 28.
[0121] The variable quantization as described here can be used regardless of the method applied for determining the
classification range. This method can for instance use the properties of the statistical distribution of sample values or
use a rate-distortion criterion.
[0122] The variable quantization could be predetermined both at the encoder and at the decoder. For example, the
encoder and decoder could assign indexes to the possible center positions (or left positions), e.g. in Figure 19a position
2 is index 0, position 6 is index 1, position 10 is index 2, position 12 is index 3, position 13 is index 4, etc. Then, it is
sufficient for the encoder to transmit to the decoder the index of the selected classification. Alternatively, information
about the variable quantization could be determined at the encoder and signaled to the decoder via a bitstream.
[0123] In one particular example not embodying the invention, it may be considered that the center of the histogram
is always the center of the full range. Thus, in that case only one displacement is considered. Both groups are scaled
to the center with the same displacement. Consequently only one data needs to be coded: the displacement of the first
range of the second group. Examples 1701, 1702, 1703 and 1704 of Figure 17 are examples of such displacements.
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In examples 1701, 1702, 1703, 1704 the displacements are respectively 4, 6, 10 and 0. The displacement can be directly
coded without prediction.
[0124] In a further example, both sub-groups of the second group have an independent position in the full range as
depicted in examples 1705, 1706, 1707 and 1708. Two ways of coding can be considered.
[0125] In the first one, the center of a non-existent first group is coded with the size of the useful range of this non-
existent first group.
[0126] The second way of coding independently both groups, is to transmit 2 displacements from the two ends of the
full range (one for each group). Thus, for examples 1705, 1706, 1707 and 1708, the displacement transmitted is respec-
tively 11 and 32-28=4 for 1705, 21 and 0 for 1706, 3 and 32-16=32 for 1707, 7 and 32-31=1 for 1708.
[0127] Figure 18 is a flow chart illustrating steps of a rate distortion selection algorithm according to an embodiment
of the invention. For simplified explanatory purposes only selection for the first group without adapted class sizes is
considered. The selection for the other embodiments described previously can be easily adapted.
[0128] In an initial step 1801, the statistics of the current frame area are computed. This involves determining variables
Histk and Sumk for all pixel values k. Histk corresponds to the number of pixels having a pixel value equal to the value
k and Sumk corresponds to the sum of differences between all pixels having a pixel value equal to value k and their
original pixel values. The algorithm includes 3 loops on three parameters: size of classes S, size of range R and the
center C. The first loop tests each possible class size in step 1803. For example, the size defined in Figure 14. The
offset for each sub-range of the full range is computed in step 1804. For example, if the bit-depth is 8 and the size of
classes is 16, then the distortion and the offset for the 32 possible ranges in the full range are computed. By properties,
the offset and the distortion are computed by linear combination of Histk and Sumk for all values of k in the current range.
Then, for each possible range R 1805, and each possible center C 1806 a rate distortion cost is evaluated in step 1807.
This evaluation is based on the rate distortion criterion. When all centers C 1808, all ranges 1809 and all sizes 1810 are
tested, the best parameters S, R, C are selected in step 1811 based on the best rate distortion cost. The advantages
of this second scheme to produce an equiprobable classification include a reduction of complexity and an improvement
in coding efficiency. The classification selection of the center, range and size of classes offers an optimal rate distortion
selection compared to embodiments where classification is based on the statistical distribution of pixel values. Of course
this embodiment gives an improvement in term of coding efficiency compared to the current HEVC implementation. This
scheme is less complex at decoder side compared to the previous one since the distribution of pixels does not need to
be determined at the decoder. Moreover, this scheme can be less complex than known techniques in HEVC because
in some groups fewer classes are used.
[0129] The algorithm represented in figure 18, performs a full rate distortion based selection of all band offset param-
eters: the size of classes S, the range R, the position of a value representative of the center C. In order to limit the
complexity, it is possible to fix some parameters. In one particular implementation of the algorithm of figure 18, the size
S and the range R are fixed at given values known by the encoder and the decoder. For instance S could represent 8
pixel values and R could represent 32 pixel values corresponding to 4 classes of 8 pixels. As a consequence the only
parameter to be optimized is the value representative of the center C.
[0130] Since embodiments of the invention take into account the repartition of pixel values across the range of pixel
values in the determination of the classification of the pixels, the classification may be adapted accordingly to different
distributions of pixel values. In particular the classification can be adapted according to the component type of the pixels.
For example, in the case of a set of Chroma component pixels the pixel values tend to be lower compared to the pixel
values of Luma chroma pixels. In addition, Chroma U pixel values have a different distribution to that of Chroma V pixel
values which have more concentrated and relatively higher pixels values. Moreover, in the case of chroma component
pixels the distribution of pixel values tends to be more concentrated around peak pixel values compared to that of Luma
chroma pixels which provides a more widely spread out distribution.
[0131] As seen above, in order to avoid the determination of the distribution of pixels at the decoder side, the parameters
S, R and C are transmitted in the bitstream in addition to the SAO type (No SAO, edge offset or band offset) and the
compensation offset values. When the class size and the range are fixed, only C is transmitted in order to allow a decoder
to retrieve the center of the range.
[0132] In the case of fixed S and R, one known solution to encode the SAO parameters consists in applying the pseudo
code of figure 20A, described in the form of a flow chart by figure 21.
[0133] The process starts by the determination of the SAO parameters, including the type of SAO (stored in the
codeword sao_type_idx), the value representative of the center of the useful range (stored in the codeword
sao_band_position) when the band offset type is used, and the SAO offsets (stored in the codewords sao_offset). In
figure 20A, cldx represents the index of the color component to which SAO is applied, rx and rx represent the position
of the area to which SAO is applied, and i is the index of the class of sample values.
[0134] The SAO parameters encoding starts then at step 2003 with the encoding of the SAO type using an unsigned
Exp Golomb code (ue(v))(i.e. unsigned variable length code). If the SAO type is type 5 (band offset), the encoding
continues with the encoding of the value representative of the position of the center of the useful range using an unsigned
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fixed length code of size 5 (u(5)) at step 2017. Then, the encoding of the four offsets corresponding to the four classes
contained in the range is performed iteratively in steps 2019 to 2025. Here, each offset is encoded using a signed Exp
Golomb code (se(v))(i.e. signed variable-length-coding (VLC) code). The encoding process then ends with step 2027.
[0135] If the SAO type is not band offset, we check first if the SAO type is no SAO (no SAO means no offset is applied
to the samples concerned). If no SAO has been selected, the encoding process stops in step 2027.
[0136] Otherwise, we continue with the iterative encoding of the four edge offsets in steps 2007 to 2013. Again, the
encoding process stops in step 2027.
[0137] VLC codes are generally used when the range of values to represent is relatively high but some values in this
range are more probable than others. Most probable values are then given a short code, while less probable values are
given a long code. The main drawback of these codes is that they induce a higher decoding complexity than fixed length
codes (FLC). Indeed, a VLC code has to be read bit by bit since the final size of the code is not known while all bits of
a FLC code can be read directly since its size is known.
[0138] In figure 20B and 22, we propose an alternative to this encoding process replacing VLC codes by FLC codes.
[0139] This encoding process starts with step 2201 which is identical to step 2001. In step 2203, the VLC coding of
the codeword sao_type_idx is replaced by a FLC encoding. 3 bits are necessary here to encode the 6 possible SAO
type values (i.e. the "no SAO" type, the 4 "edge offset" types, and the "band offset" type). We then check if the type of
SAO is "no SAO". In that case, nothing more is encoded and the process ends with step 2215. Otherwise, we check if
the type of SAO is "band offset". If yes, the value representative of the position of the center of the range is encoded in
the codeword SAO_band_position in the form of an unsigned FLC code of size 5. Indeed, in this example, with a class
size of 8 sample values and a range made up of four classes, 28 different positions are possible for a full range of 256
values.
[0140] This step is followed by the encoding of the four SAO offsets in steps 2211 to 2213. Here a FLC code replaces
the VLC code of step 2023 and 2011. Instead of using a VLC code of maximum 5 bits covering integer offset values
from -31 to 32, here we use a FLC code of size 2 bits capable of encoding only 4 different values, generally (-2, -1, 1,
2). Reducing the number of possible values has the effect of concentrating the encoding on the most frequently used
offset values.
[0141] The process stops after the offset encoding in step 2215.
[0142] Note that, in another embodiment, the range represented by the offsets can be extended by encoding in a
picture header, a slice header or a LCU header, , a multiplication factor to be applied to the offsets obtained by the 2
bits code. For instance with a multiplication factor equal to 4, the encoded offsets (-2, -1, 1, 2), become (-8, -4, 4, 8).
The multiplication factor can also be standardized (fixed) or be inferred from another LCU. For example, the multiplication
factor applicable to a previous LCU may be assumed to apply to the present LCU.
[0143] Similarly in another embodiment, a shifting value, encoded in a picture header, a slice header or a LCU header,
could be applied to the offsets obtained by the 2 bits code. For instance with a shifting value of 5, the encoded offsets
(-2, -1, 1, 2), become (3, 4, 6, 7). Again, the shifting value can also be standardized (fixed) or be inferred from another
LCU. For example, the shifting value applicable to a previous LCU may be assumed to apply to the present LCU.
[0144] Tests have shown that having fewer possible offset values does not reduce the performance of the SAO method
significantly. It appears that the loss induced by the suppression of some offset values is compensated by the suppression
of the heavy bitrate cost of less probable offset values.
[0145] Additional tests have also shown that the number of different offset values can be further reduced to 3 and
even 2 offsets (requiring only one bit to encode) without significant loss of performance.
[0146] In figure 23, a further improvement of the encoding process is proposed. We consider here that the offset
values used in the case of the edge offset type, can be inferred directly from the type of edge offset. In that case no
encoding of the edge offset values is required. As a reminder, each type of edge offset is associated with 4 classes
depending on the signal direction, and each class has an associated offset value. This embodiment is motivated by tests
showing that in general for a given edge offset type and a given class, the offset values are close to each other and
generally the same. As a consequence, we propose to fix for each edge offset type a set of 4 offset values. For instance
we propose the following association:

• Vertical edge offset: (-2, -1, 1, 2)
• Horizontal edge offset (-2, -1, 1, 3)
• First diagonal edge offset (-3, -2, -1, 1)
• Second diagonal edge offset (-1, 1, 2, 3)

[0147] Steps 2301 and 2303 in figure 23 are identical to steps 2201 and 2203 already explained with reference to
Figure 22. In steps 2305 and 2307, we check if the SAO type is "edge offset" or "no SAO" respectively. In both cases,
no offsets are encoded. In the case that the SAO type is "edge offset", when reading the edge offset type value, a
decoder will infer the offset values from the edge offset type thanks to the known association with fixed offset values.
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[0148] In the embodiment of figure 23, if the SAO type is "band offset" the value representative of the position of the
center of the range is encoded in step 2309 and the four offset values are encoded iteratively with steps 2311 to 2317.
The encoding process ends with step 2319.
[0149] In the embodiment of figure 24 and 25 we apply another modification of the encoding process described in
figure 20A and 21. As already mentioned in previous embodiment, a FLC code of 5 bits is used to encode the information
representative of the position of the center of the range (sao_band_position), while only 28 different positions are used.
In that condition, four FLC codes each of length 5 bits remain unused. We propose here to take benefit of these four
spare FLC codes to remove the codeword used to encode the SAO type. A new codeword, SAO_band_position_and
EO will be used to code jointly the range positions and the edge offset types. This new codeword is also 5 bits long.
[0150] As usual, the process starts in step 2501 with the definition of the SAO parameters. This process is followed
in step 2503 by the encoding of a 1 bit long flag (SAO_LCU_flag) indicating if SAO is in use or not. If SAO is not used
(step 2505), the process stops (step 2507).
[0151] If SAO is used, we check in step 2509 which type of SAO is used. If the SAO type is "band offset" then in step
2513 the first 28 codes of the codeword SAO_band_position_and_EO are used to encode the value representative of
the position of the center of the range. If the SAO type is "edge offset", then in step 2511 the last four codes of the
codeword SAO_band_position_and_EO are used to encode the type of edge offset (vertical, horizontal, first diagonal
or second diagonal). The steps 2511 or 2513 are followed by the encoding of the four offset values with steps 2515 to 2521.
[0152] Incidentally, although the spare codewords are used in the present embodiment to encode the type of edge
offset, it will be appreciated that the spare codewords can alternatively be used for other purposes. Any other information
that needs to be sent from the encoder to the decoder can be encoded using the spare codewords.
[0153] In figure 26 we propose a further embodiment for determining the offsets to be applied in the case of the band
offset. This embodiment is motivated by tests showing that in the case of band offset a majority of offsets have low
amplitudes in absolute value. Indeed, offset values are in general equal to -2, -1, 1 and 2. When the number of classes
in a range is reduced to 4, for instance as in the example of figures 20A to 25, the number of different groups of 4 offset
values is also reduced. In the example above with 4 different offsets values and 4 classes, the number of different groups
is 44=256. In the embodiments of figure 21, 22, 23 and 25, 8 bits are used to encode the offset values (4 offset values,
each encoded using 2 bits). Here, it is considered that all groups of 4 offsets have the same probability of being selected.
However, some of these groups are less probable than others. By removing the less probable groups, it is possible to
reduce the number of bits required to encode them. As a consequence, instead of encoding 4 different offset values
using 2 bits for each offset value, we propose to assigns indexes to different groups of 4 offset values and to encode
the index , the index being encoded using less than 8 bits thanks to the removal of the less probable groups. The
probabilities of groups could be determined by applying SAO on a set of training sequences and computing statistics
on the groups. A table gathering all possible groups ordered according to their probability of being selected could be
pre-determined and known by the encoder and the decoder. In this table, each group of offsets will be associated to an
index value. The number of bits allocated to the index of groups encoding could be fixed (standardized) or fixed for a
sequence, a frame, a slice or a LCU and encoded in the corresponding headers. A subset of groups in the table
corresponding to the most probable groups will be determined by the encoder and the decoder depending on the number
of bits allocated to the index encoding.
[0154] An embodiment representing the selection of the best group is described in figure 26. The process starts with
step 2601 in which a variable j is initialized. This variable j is progressively increased to allow testing of all possible
groups of offsets. In the proposed embodiment, we consider groups of 4 offsets but other numbers of offsets could be
considered. In step 2603 we test if all groups have been tested (for instance NbOffsetGroup could be equal to 128). If
yes, the process stops and a codeword of less than 8 bits corresponding to the selected group is encoded. If not, the
process continues with the initialization of a variable i allowing to test all classes in a range (step 2605). In step 2606,
the variable SumDiff(j) representing the sum of the difference between original samples and SAO filtered encoded
samples corresponding to the group of offset j is initialized to 0. Here, only 4 classes are considered, but other numbers
of classes consistent with the number of offsets are possible. In step 2607, if some classes remain to be tested, we
initialize a variable k allowing to test all possible samples in a range of samples corresponding to the class i. With steps
2611 to 2619 we compute the sum of the absolute values of the differences between encoded samples filtered with the
offset of class i in the group of offsets j and original samples in the considered class i. Here orig (k) is an average of
original sample values corresponding to the encoded value enc(k). Filter(i,j) is the offset value corresponding to class i,
in the offset group j. SumDiff(j), is the sum of differences computed on all classes constituting a range (here 4 classes).
In the loop comprising steps 2621 to 2626, all computed sums of differences are compared and the index of the group
having the minimum sum is selected. The selected index corresponds to the group of offsets allowing, when applied to
encoded samples, to minimize the difference between filtered samples and original sample.
[0155] During the syntax encoding process, the encoding of the offset values as represented for instance by steps
2211 to 2213 in figure 22, is replaced by the encoding of the index corresponding to the selected group of offsets.
[0156] Classification of Luma component pixels is performed separately to the classification of chroma U or V com-
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ponent pixels and thus each classification can be adapted accordingly such that each class has a similar number of pixels.
[0157] Methods of embodiments of the invention thus provide a more flexible classification approach which can be
adapted to provide a more optimal classification independently for both Luma or Chroma signals thereby leading to an
improvement in coding efficiency.
[0158] Although the present invention has been described hereinabove with reference to specific embodiments, the
present invention is not limited to the specific embodiments, and modifications will be apparent to a skilled person in the
art which lie within the scope of the present invention.
[0159] For example, while the previous embodiments have been described in relation to pixels of an image and their
corresponding pixel values, it will be appreciated that within the context of the invention a group of pixels may be
considered together with a corresponding group pixel value. A sample may thus correspond to one or more pixels of an
image.
[0160] Many further modifications and variations will suggest themselves to those versed in the art upon making
reference to the foregoing illustrative embodiments, which are given by way of example only and which are not intended
to limit the scope of the invention, that being determined solely by the appended claims. In particular the different features
from different embodiments may be interchanged, where appropriate.
[0161] In the claims, the word "comprising" does not exclude other elements or steps, and the indefinite article "a" or
"an" does not exclude a plurality. The mere fact that different features are recited in mutually different dependent claims
does not indicate that a combination of these features cannot be advantageously used.

Claims

1. A method of encoding using High Efficiency Video Coding an image composed of a plurality of samples, each sample
having a sample value, the method comprising
encoding (702-708) the samples;
decoding (711-714) the encoded samples to provide reconstructed samples;
performing sample adaptive offset loop filtering (715; 804) on the reconstructed samples, the loop filtering comprising
applying compensation offsets to the sample values of the respective reconstructed samples, each compensation
offset being associated with a range of sample values;
providing the compensation offsets by:

selecting, based on a rate distortion criterion, a group of classes (814) from among a plurality of predetermined
groups of classes, each one of said predetermined groups of classes having a range and being made up of a
plurality of classes, each defining a range of sample values within said range, into which class a sample is put
if its sample value is within the range of the class concerned, and the predetermined groups of classes including
groups of classes having different respective centre positions within a full range of the sample values; and by
associating with each class of the selected group of classes (814) a compensation offset for application to the
sample value of each sample of the class concerned;
generating (709) a bitstream (710) of encoded samples; and
transmitting, in the bitstream (710), classification data relating to the selected group of classes (814);
characterized in that said different respective centre positions include centre positions different from a centre
of said full range and in that the classification data comprises data representative of said centre position of the
selected group of classes (814) within the full range of sample values, the classification data being coded
according to the range of the classes.

2. A method according to claim 1, wherein the samples of the set may be of at least a first component type or a second
component type, one of said first and second component types being Luma and the other of said first and second
component types being Chroma, and wherein the plurality of classes is determined dependent on the component
type of the set of samples.

3. A method according to claim 1 or 2, wherein the compensation offset for each class is determined from an average
of the difference between the sample value of each reconstructed sample of the class and the respective sample
value of the corresponding original image.

4. A method according to any preceding claim, further comprising transmitting, in the bitstream, encoded data repre-
sentative of the compensation offsets associated respectively with the plurality of classes of the selected group of
classes (814).
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5. A method of decoding an image encoded using High Efficiency Video Coding and composed of a plurality of samples,
each sample having a sample value, the method comprising
receiving encoded sample values;
receiving encoded classification data;
receiving encoded compensation offsets;
decoding the classification data and identifying, based on the decoded classification data, a group of classes (814)
selected by an encoder from among a plurality of predetermined groups of classes, each one of said predetermined
groups of classes having a range and being made up of a plurality of classes, each defining a range of sample
values within said range, into which class a sample is put if its sample value is within the range of the class concerned,
and the predetermined groups of classes including groups of classes having different respective centre positions
within a full range of the sample values;
decoding (902-906) the encoded samples to provide reconstructed sample values and decoding the encoded com-
pensation offsets;
associating the decoded compensation offsets respectively with the classes of the selected group of classes (814);
and
performing sample adaptive offset loop filtering (907; 804) on the reconstructed sample values, the loop filtering
comprising applying the decoded compensation offset associated with each class of the selected group of classes
to reconstructed sample values within the range of the class concerned,
characterized in that said different respective centre positions include centre positions different from a centre of
said full range and in that the classification data comprises data representative of said centre position of the selected
group of classes (814) within the full range of sample values, the classification data being coded according to the
range of the classes.

6. A computer program product for a programmable apparatus, the computer program product comprising a sequence
of instructions for implementing a method according to any one of claims 1 to 5 when loaded into and executed by
the programmable apparatus.

7. A computer-readable storage medium storing instructions of a computer program for implementing a method ac-
cording to any one of claims 1 to 5.

8. A signal (710) carrying an information dataset for an image encoded using High Efficiency Video Coding and rep-
resented by a video bitstream, the image comprising a set of reconstructable samples, each reconstructable sample
having a sample value, the information dataset comprising: classification data relating to a group of classes (814)
selected by an encoder from among a plurality of predetermined groups of classes, each one of said predetermined
groups of classes having a group range and being made up of a plurality of classes, each defining a range of sample
values within said group range, into which class a sample is put if its sample value is within the range of the class
concerned, and the predetermined groups of classes including groups of classes having different respective centre
positions within a full range of the sample values, and each class of the plurality of classes of the selected group of
classes (814) being associated with a compensation offset for application, in sample adaptive loop filtering (804),
to sample values of the reconstructable samples within the range of the class concerned,
characterized in that said different respective centre positions include centre positions different from a centre of
said full range and in that the classification data comprises data representative of said centre position of the selected
group of classes (814) within the full range of sample values, the classification data being coded according to the
range of the classes.

9. An encoding device for encoding using High Efficiency Video Coding an image composed of a plurality of samples,
each sample having a sample value, the device comprising
an encoder (702-708) for encoding the samples;
a decoder (711-714) for decoding the encoded samples to provide reconstructed samples;
a sample adaptive offset loop filter (715; 804) for filtering the reconstructed samples, the sample adaptive offset
loop filter comprising offset application means (804) for applying compensation offsets to the sample values of the
respective reconstructed samples, each compensation offset being associated with a range of sample values;
a compensation offsets provider, for providing the compensation offsets, comprising:

means for selecting, based on a rate distortion criterion, a group of classes (814) from among a plurality of
predetermined groups of classes, each of said predetermined groups of classes having a range and being made
up of a plurality of classes, each defining a range of sample values, into which class a sample is put if its sample
value is within the range of the class concerned, and the predetermined groups of classes including groups of
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classes having different respective centre positions within a full range of the sample values; and further com-
prising
means for associating with each class of the selected group of classes (814) a compensation offset for application
to the sample value of each sample of the class concerned;
a bitstream generator for generating (709) a bitstream (710) of encoded samples; and
means for transmitting, in the bitstream (710), classification data relating to the selected group of classes (814);
characterized in that said different respective centre positions include centre positions different from a centre
of said full range and in that the classification data comprises data representative of said centre position of the
selected group of classes (814) within the full range of sample values, the classification data being coded
according to the range of the classes.

10. A device for decoding an image encoded using High Efficiency Video Coding and composed of a plurality of samples,
each sample having a sample value, the device comprising
means for receiving encoded sample values;
means for receiving encoded classification data;
means for receiving encoded compensation offsets;
means for decoding the classification data and for identifying, based on the decoded classification data, a group of
classes (814) selected by an encoder from among a plurality of predetermined groups of classes, each said prede-
termined group of classes having a range and being made up of a plurality of classes, each defining a range of
sample values, into which class a sample is put if its sample value is within the range of the class concerned, and
the predetermined groups of classes including groups of classes having different respective centre positions within
a full range of the sample values;
means for decoding the encoded samples (902-906) to provide reconstructed sample values and for decoding the
encoded compensation offsets;
means for associating the decoded compensation offsets respectively with the classes of the selected group of
classes (814); and
means for performing sample adaptive offset loop filtering (907; 804) on the reconstructed sample values, the loop
filtering comprising applying the decoded compensation offset associated with each class of the selected group of
classes to reconstructed sample values within the range of the class concerned,
characterized in that said different respective centre positions include centre positions different from a centre of
said full range and in that the classification data comprises data representative of said centre position of the selected
group of classes (814) within the full range of sample values, the classification data being coded according to the
range of the classes.

Patentansprüche

1. Verfahren zum Kodieren eines aus mehreren Samples zusammengesetzten Bildes unter Verwendung von High-
Efficiency-Video-Coding, wobei jedes Sample einen Samplewert aufweist und das Verfahren umfasst:

Kodieren (702-708) der Samples;
Dekodieren (711-714) der kodierten Samples, um rekonstruierte Samples zu liefern;
Durchführen von Sample-Adaptive-Offset-Schleifenfilterung (715; 804) an den rekonstruierten Samples, wobei
die Schleifenfilterung die Anwendung von Kompensationsoffsets auf die Samplewerte der jeweiligen rekonst-
ruierten Samples umfasst, wobei jeder Kompensationsoffset einem Bereich von Samplewerten zugeordnet ist;
Liefern der Kompensationsoffsets durch:

Auswählen einer Klassengruppe (814) unter mehreren vorbestimmten Klassengruppen basierend auf einem
Rate-Distortion-Kriterium, wobei jede der vorbestimmten Klassengruppen einen Bereich aufweist und aus
mehreren Klassen aufgebaut ist, von denen innerhalb des Bereichs jede Klasse einen Bereich von Samp-
lewerten definiert, in welche Klasse ein Sample eingeordnet wird, falls dessen Samplewert in den Bereich
der betroffenen Klasse fällt, und wobei die vorbestimmten Klassengruppen solche mit verschiedenen je-
weiligen Zentrumspositionen innerhalb eines Gesamtbereichs der Samplewerte beinhalten; und durch
Zuordnen, zu jeder Klasse der ausgewählten Klassengruppe (814), eines Kompensationsoffsets zur An-
wendung auf den Samplewert jedes Samples der betroffenen Klasse;
Erzeugen (709) eines Bitstroms (710) kodierter Samples; und
Übertragen von sich auf die ausgewählte Klassengruppe (814) beziehenden Klassifikationsdaten im Bit-
strom (710);
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dadurch gekennzeichnet, dass die verschiedenen jeweiligen Zentrumspositionen solche beinhalten, die
von einem Zentrum des Gesamtbereichs verschieden sind, und dadurch, dass die Klassifikationsdaten
Daten umfassen, die innerhalb des Gesamtbereichs von Samplewerten für die Zentrumsposition der aus-
gewählten Klassengruppe (814) repräsentativ sind, wobei die Klassifikationsdaten gemäß dem Bereich der
Klassen kodiert werden.

2. Verfahren nach Anspruch 1, wobei die Samples des Satzes von mindestens einem ersten Komponententyp oder
einem zweiten Komponententyp sein können, wobei einer vom ersten und zweiten Komponententyp Luminanz ist
und der andere vom ersten und zweiten Komponententyp Chrominanz ist und die mehreren Klassen abhängig vom
Komponententyp des Satzes Samples bestimmt werden.

3. Verfahren nach Anspruch 1 oder 2, wobei der Kompensationsoffset für jede Klasse aus einem Durchschnitt der
Differenz zwischen dem Samplewert jedes rekonstruierten Samples der Klasse und dem jeweiligen Samplewert
des entsprechenden Originalbildes bestimmt wird.

4. Verfahren nach einem der vorhergehenden Ansprüche, ferner umfassend das Übertragen im Bitstrom von kodierten
Daten, die für die jeweils den mehreren Klassen der ausgewählten Klassengruppe (814) zugeordneten Kompen-
sationsoffsets repräsentativ sind.

5. Verfahren zum Dekodieren eines unter Verwendung von High-Efficiency-Video-Coding kodierten und aus mehreren
Samples zusammengesetzten Bildes, wobei jedes Sample einen Samplewert aufweist und das Verfahren umfasst:

Empfangen kodierter Samplewerte;
Empfangen kodierter Klassifikationsdaten;
Empfangen kodierter Kompensationsoffsets;
Dekodieren der Klassifikationsdaten und Identifizieren, basierend auf den dekodierten Klassifikationsdaten,
einer von einem Kodierer unter mehreren vorbestimmten Klassengruppen ausgewählten Klassengruppe (814),
wobei jede der vorbestimmten Klassengruppen einen Bereich aufweist und aus mehreren Klassen aufgebaut
ist, von denen innerhalb des Bereichs jede Klasse einen Bereich von Samplewerten definiert, in welche Klasse
ein Sample eingeordnet wird, falls dessen Samplewert in den Bereich der betroffenen Klasse fällt, und die
vorbestimmten Klassengruppen solche mit verschiedenen jeweiligen Zentrumspositionen innerhalb eines Ge-
samtbereichs der Samplewerte beinhalten;
Dekodieren (902 - 906) der kodierten Samples, um rekonstruierte Samplewerte zu liefern und Dekodieren der
kodierten Kompensationsoffsets;
Zuordnen der dekodierten Kompensationsoffsets jeweils zu den Klassen der ausgewählten Klassengruppe
(814); und
Durchführen von Sample-Adaptive-Offset-Schleifenfilterung (907; 804) an den rekonstruierten Samplewerten,
wobei die Schleifenfilterung die Anwendung des der jeweiligen Klasse der ausgewählten Klassengruppe zuge-
ordneten dekodierten Kompensationsoffsets auf rekonstruierte Samplewerte innerhalb des Bereichs der be-
troffenen Klasse umfasst,
dadurch gekennzeichnet, dass die verschiedenen jeweiligen Zentrumspositionen solche beinhalten, die von
einem Zentrum des Gesamtbereichs verschieden sind, und dadurch, dass die Klassifikationsdaten Daten um-
fassen, die innerhalb des Gesamtbereichs von Samplewerten für die Zentrumsposition der ausgewählten Klas-
sengruppe (814) repräsentativ sind, wobei die Klassifikationsdaten gemäß dem Bereich der Klassen kodiert sind.

6. Computerprogrammprodukt für eine programmierbare Vorrichtung, welches eine Sequenz von Befehlen umfasst,
um bei Laden auf und Ausführen durch die programmierbare Vorrichtung ein Verfahren nach einem der Ansprüche
1 bis 5 zu implementieren.

7. Computerlesbares Speichermedium, das Befehle eines Computerprogramms zum Implementieren eines Verfahrens
nach einem der Ansprüche 1 bis 5 speichert.

8. Signal (710), das einen Informationsdatensatz für ein unter Verwendung von High-Efficiency-Video-Coding kodiertes
Bild trägt und von einem Videobitstrom dargestellt wird, wobei das Bild einen Satz rekonstruierbarer Samples
umfasst, jedes rekonstruierbare Sample einen Samplewert aufweist und der Informationsdatensatz umfasst:

sich auf eine von einem Kodierer unter mehreren vorbestimmten Klassengruppen ausgewählte Klassengruppe
(814) beziehende Klassifikationsdaten, wobei jede der vorbestimmten Klassengruppen einen Gruppenbereich
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aufweist und aus mehreren Klassen aufgebaut ist, von denen innerhalb des Gruppenbereichs jede einen Bereich
von Samplewerten definiert, in welche Klasse ein Sample eingeordnet wird, falls dessen Samplewert in den
Bereich der betroffenen Klasse fällt, und wobei die vorbestimmten Klassengruppen solche mit verschiedenen
jeweiligen Zentrumspositionen innerhalb eines Gesamtbereichs der Samplewerte beinhalten und wobei jede
Klasse der mehreren Klassen der ausgewählten Klassengruppe (814) einem Kompensationsoffset zur Anwen-
dung bei Sample-Adaptive-Offset-Schleifenfilterung (804) auf Samplewerte der rekonstruierbaren Samples in-
nerhalb des Bereichs der betroffenen Klasse zugeordnet ist;
dadurch gekennzeichnet, dass die verschiedenen jeweiligen Zentrumspositionen solche beinhalten, die von
einem Zentrum des Gesamtbereichs verschieden sind, und dadurch, dass die Klassifikationsdaten Daten um-
fassen, die innerhalb des Gesamtbereichs von Samplewerten für die Zentrumsposition der ausgewählten Klas-
sengruppe (814) repräsentativ sind, wobei die Klassifikationsdaten gemäß dem Bereich der Klassen kodiert sind.

9. Kodiervorrichtung zum Kodieren eines aus mehreren Samples zusammengesetzten Bildes unter Verwendung von
High-Efficiency-Video-Coding, wobei jedes Sample einen Samplewert aufweist und die Vorrichtung umfasst:

einen Kodierer (702 - 708) zum Kodieren der Samples;
einen Dekodierer (711 - 714) zum Dekodieren der kodierten Samples, um rekonstruierte Samples zu liefern;
einen Sample-Adaptive-Offset-Schleifenfilter (715; 804) zum Filtern der rekonstruierten Samples, wobei der
Sample-Adaptive-Offset-Schleifenfilter eine Offsetanwendungseinrichtung (804) für die Anwendung von Kom-
pensationsoffsets auf die Samplewerte der jeweiligen rekonstruierten Samples umfasst, wobei jeder Kompen-
sationsoffset einem Bereich von Samplewerten zugeordnet ist;
eine Kompensationsoffsets-Liefereinrichtung zum Liefern der Kompensationsoffsets, umfassend:

eine Einrichtung zum Auswählen einer Klassengruppe (814) unter mehreren vorbestimmten Klassengrup-
pen basierend auf einem Rate-Distortion-Kriterium, wobei jede der vorbestimmten Klassengruppen einen
Bereich aufweist und aus mehreren Klassen aufgebaut ist, von denen jede einen Samplewertbereich de-
finiert, in welche Klasse ein Sample eingeordnet wird, falls dessen Samplewert in den Bereich der betrof-
fenen Klasse fällt, und wobei die vorbestimmten Klassengruppen solche mit verschiedenen jeweiligen
Zentrumspositionen innerhalb eines Gesamtbereichs der Samplewerte beinhalten; und ferner umfassend
eine Einrichtung zum Zuordnen, zu jeder Klasse der ausgewählten Klassengruppe (814), eines Kompen-
sationsoffsets für die Anwendung auf den Samplewert jedes Samples der betroffenen Klasse;
einen Bitstromgenerator (709) zum Erzeugen eines Bitstroms (710) kodierter Samples; und
eine Einrichtung zum Übertragen von sich auf die ausgewählte Klassengruppe (814) beziehenden Klassi-
fikationsdaten im Bitstrom (710);
dadurch gekennzeichnet, dass die verschiedenen jeweiligen Zentrumspositionen solche beinhalten, die
von einem Zentrum des Gesamtbereichs verschieden sind, und dadurch, dass die Klassifikationsdaten
Daten umfassen, die innerhalb des Gesamtbereichs von Samplewerten für die Zentrumsposition der aus-
gewählten Klassengruppe (814) repräsentativ sind, wobei die Klassifikationsdaten gemäß dem Bereich der
Klassen kodiert werden.

10. Vorrichtung zum Dekodieren eines unter Verwendung von High-Efficiency-Video-Coding kodierten und aus meh-
reren Samples zusammengesetzten Bildes, wobei jedes Sample einen Samplewert aufweist und die Vorrichtung
umfasst:

eine Einrichtung zum Empfangen kodierter Samplewerte;
eine Einrichtung zum Empfangen kodierter Klassifikationsdaten;
eine Einrichtung zum Empfangen kodierter Kompensationsoffsets;
eine Einrichtung zum Dekodieren der Klassifikationsdaten und Identifizieren, basierend auf den dekodierten
Klassifikationsdaten, einer von einem Kodierer unter mehreren vorbestimmten Klassengruppen ausgewählten
Klassengruppe (814), wobei jede der vorbestimmten Klassengruppen einen Bereich aufweist und aus mehreren
Klassen aufgebaut ist, von denen jede einen Bereich von Samplewerten definiert, in welche Klasse ein Sample
eingeordnet wird, falls dessen Samplewert in den Bereich der betroffenen Klasse fällt, und die vorbestimmten
Klassengruppen solche mit verschiedenen jeweiligen Zentrumspositionen innerhalb eines Gesamtbereichs der
Samplewerte beinhalten;
eine Einrichtung zum Dekodieren der kodierten Samples (902 - 906), um rekonstruierte Samplewerte zu liefern,
und zum Dekodieren der kodierten Kompensationsoffsets;
eine Einrichtung zum Zuordnen der dekodierten Kompensationsoffsets jeweils zu den Klassen der ausgewählten
Klassengruppe (814); und



EP 3 396 957 B1

22

5

10

15

20

25

30

35

40

45

50

55

eine Einrichtung zum Durchführen von Sample-Adaptive-Offset-Schleifenfilterung (907; 804) an den rekonst-
ruierten Samplewerten, wobei die Schleifenfilterung die Anwendung des dekodierten, jeder Klasse der ausge-
wählten Klassengruppe zugeordneten Kompensationsoffsets auf rekonstruierte Samplewerte innerhalb des
Bereichs der betroffenen Klasse umfasst,
dadurch gekennzeichnet, dass die verschiedenen jeweiligen Zentrumspositionen solche beinhalten, die von
einem Zentrum des Gesamtbereichs verschieden sind, und dadurch, dass die Klassifikationsdaten Daten um-
fassen, die innerhalb des Gesamtbereichs von Samplewerten für die Zentrumsposition der ausgewählten Klas-
sengruppe (814) repräsentativ sind, wobei die Klassifikationsdaten gemäß dem Bereich der Klassen kodiert sind.

Revendications

1. Procédé de codage, au moyen d’un vidéocodage à haute efficacité, d’une image composée d’une pluralité d’échan-
tillons, chaque échantillon ayant une valeur d’échantillon, le procédé comprenant les étapes consistant à :

coder (702-708) les échantillons ;
décoder (711-714) les échantillons codés pour obtenir des échantillons reconstruits ;
appliquer un filtrage adaptatif à boucle de décalage d’échantillon (715 ; 804) aux échantillons reconstruits, le
filtrage à boucle consistant à appliquer des décalages de compensation aux valeurs d’échantillon des échan-
tillons reconstruits respectifs, chaque décalage de compensation étant associé à une plage de valeurs
d’échantillon ;
obtenir les décalages de compensation par :

une sélection, sur la base d’un critère de distorsion de taux, d’un groupe de classes (814) parmi une pluralité
de groupes de classes prédéterminés, chacun desdits groupes de classes prédéterminés ayant une plage
et étant constitué d’une pluralité de classes, chacune définissant une plage de valeurs d’échantillon dans
la plage, dans laquelle classe est placé un échantillon si sa valeur d’échantillon s’inscrit dans la plage de
la classe concernée, et les groupes de classes prédéterminés comprenant des groupes de classes ayant
des positions centrales respectives différentes dans une plage totale des valeurs d’échantillon ; et par
une association, avec chaque classe du groupe de classes sélectionné (814), d’un décalage de compen-
sation à des fins d’application à la valeur d’échantillon de chaque échantillon de la classe concernée ;
générer (709) un flux binaire (710) d’échantillons codés ; et
transmettre, dans le flux binaire (710), des données de classification se rapportant au groupe de classes
sélectionné (814) ;
caractérisé en ce que lesdites positions centrales respectives différentes comprennent des positions
centrales différentes d’un centre de ladite plage totale et en ce que les données de classification compren-
nent des données représentatives de ladite position centrale du groupe de classes sélectionné (814) dans
la plage totale de valeurs d’échantillon, les données de classification étant codées conformément à la plage
des classes.

2. Procédé selon la revendication 1, dans lequel les échantillons de l’ensemble peuvent être constitués au moins d’un
premier type de composante ou d’un second type de composante, l’un desdits premier et second types de compo-
santes étant la luminance et l’autre desdits premier et second types de composantes étant la chrominance, et dans
lequel la pluralité de classes est déterminée en fonction du type de composante de l’ensemble d’échantillons.

3. Procédé selon la revendication 1 ou 2, dans lequel le décalage de compensation de chaque classe est déterminé
à partir d’une moyenne de la différence entre la valeur d’échantillon de chaque échantillon reconstruit de la classe
et la valeur d’échantillon respective de l’image originale correspondante.

4. Procédé selon l’une quelconque des revendications précédentes, comprenant en outre l’étape consistant à trans-
mettre, dans le flux binaire, des données codées représentatives des décalages de compensation associés res-
pectivement aux classes à la pluralité de classes du groupe de classes sélectionné (814).

5. Procédé de décodage d’une image codée au moyen d’un vidéocodage à haute efficacité et composée d’une pluralité
d’échantillons, chaque échantillon ayant une valeur d’échantillon, le procédé comprenant les étapes consistant à :

recevoir des valeurs d’échantillon codé ;
recevoir des données de classification codées ;
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recevoir des décalages de compensation codés ;
décoder les données de classification et identifier, sur la base des données de classification décodées, un
groupe de classes (814) sélectionné par un codeur parmi une pluralité de groupes de classes prédéterminés,
chaque groupe desdits groupes de classes prédéterminés ayant une plage et étant constitué d’une pluralité de
classes, chacune définissant une plage de valeurs d’échantillon dans ladite plage, dans laquelle classe peut
être placé un échantillon si sa valeur d’échantillon s’inscrit dans la plage de la classe concernée, et les groupes
de classes prédéterminés comprenant des groupes de classes ayant des positions centrales respectives dans
une plage totale des valeurs d’échantillon ;
décoder (902-906) les échantillons codés pour obtenir des valeurs d’échantillon reconstruit et décoder les
décalages de compensation codés ;
associer les décalages de compensation décodés respectivement aux classes du groupe de classes sélectionné
(814) ; et
appliquer un filtrage adaptatif à boucle de décalage d’échantillon (907 ; 804) aux valeurs d’échantillon reconstruit,
le filtrage à boucle consistant à appliquer le décalage de compensation décodé associé à chaque classe du
groupe de classes sélectionné à des valeurs d’échantillon reconstruit s’inscrivant dans la plage de la classe
concernée,
caractérisé en ce que lesdites positions centrales respectives différentes comprennent des positions centrales
différentes d’un centre de ladite plage totale et en ce que les données de classification comprennent des
données représentatives de ladite position centrale du groupe de classes sélectionné (814) dans la plage totale
de valeurs d’échantillon, les données de classification étant codées conformément à la plage des classes.

6. Produit-programme informatique destiné à un appareil programmable, le produit-programme informatique compre-
nant une séquence d’instructions permettant de mettre en œuvre un procédé selon l’une quelconque des revendi-
cations 1 à 5 lorsqu’il est chargé dans l’appareil programmable et lorsqu’il est exécuté par ce dernier.

7. Support d’informations lisible par ordinateur contenant en mémoire des instructions d’un programme informatique
permettant de mettre en œuvre un procédé selon l’une quelconque des revendications 1 à 5.

8. Signal (710) véhiculant un ensemble de données d’informations d’une image codée au moyen d’un vidéocodage à
haute efficacité et représentée par un flux binaire vidéo, l’image comprenant un ensemble d’échantillons pouvant
être reconstruits, chaque échantillon pouvant être reconstruit ayant une valeur d’échantillon, l’ensemble de données
d’informations comprenant : des données de classification se rapportant à un groupe de classes (814) sélectionné
par un codeur parmi une pluralité de groupes de classes prédéterminés, chaque groupe desdits groupes de classes
prédéterminés ayant une plage de groupes et étant constitué d’une pluralité de classes, chacune définissant une
plage de valeurs d’échantillon s’inscrivant dans ladite plage de groupe, dans laquelle classe peut être placé un
échantillon si sa valeur d’échantillon s’inscrit dans la plage de la classe concernée, et les groupes de classes
prédéterminés comprenant des groupes de classes ayant des positions centrales respectives différentes dans une
plage totale des valeurs d’échantillon, et chaque classe de la pluralité de classes du groupe de classes sélectionné
(814) étant associée à un décalage de compensation à des fins d’application, lors du filtrage adaptatif à boucle
d’échantillon (804), à des valeurs d’échantillon des échantillons pouvant être reconstruits s’inscrivant dans la plage
de la classe concernée,
caractérisé en ce que lesdites positions centrales respectives différentes comprennent des positions centrales
différentes d’un centre de ladite plage totale et en ce que les données de classification comprennent des données
représentatives de ladite position centrale du groupe de classes sélectionné (814) dans la plage totale de valeurs
d’échantillon, les données de classification étant codées conformément à la plage des classes.

9. Dispositif de codage permettant un codage au moyen d’un vidéocodage à haute efficacité, d’une image composée
d’une pluralité d’échantillons, chaque échantillon ayant une valeur d’échantillon, le dispositif comprenant :

un codeur (702-708) destiné à coder les échantillons ;
un décodeur (711-714) destiné à décoder les échantillons codés pour obtenir des échantillons reconstruits ;
un filtre adaptatif à boucle de décalage d’échantillon (715 ; 804) destiné à filtrer les échantillons reconstruits,
le filtre adaptatif à boucle de décalage d’échantillon comprenant un moyen d’application de décalage (804)
destiné à appliquer des décalages de compensation aux valeurs d’échantillon des échantillons reconstruits
respectifs, chaque décalage d’échantillon étant associé à une plage de valeurs d’échantillon ;
un fournisseur de décalages de compensation, destiné à fournir les décalages de compensation, comprenant :

un moyen destiné à sélectionner, sur la base d’un critère de distorsion de taux, un groupe de classes (814)
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parmi une pluralité de groupes de classes prédéterminés, chaque groupe desdits groupes de classes
prédéterminés ayant une plage et étant constitué d’une pluralité de classes, chacune définissant une plage
de valeurs d’échantillon, dans laquelle classe peut être placé un échantillon si sa valeur d’échantillon s’inscrit
dans la plage de la classe concernée, et les groupes de classes prédéterminés comprenant des groupes
de classes ayant des positions centrales respectives différentes dans une plage totale des valeurs
d’échantillon ; et comprenant en outre :

un moyen destiné à associer, à chaque classe du groupe de classes sélectionné (814), un décalage
de compensation à des fins d’application à la valeur d’échantillon de chaque échantillon de la classe
concernée ;
un générateur de flux binaire destiné à générer (709) un flux binaire (710) d’échantillons codés ; et
un moyen destiné à transmettre, dans le flux binaire (710), des données de classification se rapportant
au groupe de classes sélectionné (814) ;
caractérisé en ce que lesdites positions centrales respectives différentes comprennent des positions
centrales différentes d’un centre de ladite plage totale et en ce que les données de classification
comprennent des données représentatives de ladite position centrale du groupe de classes sélectionné
(814) dans la plage totale de valeurs d’échantillon, les données de classification étant codées confor-
mément à la plage des classes.

10. Dispositif de décodage d’une image codée au moyen d’un vidéocodage à haute efficacité et composée d’une pluralité
d’échantillons, chaque échantillon ayant une valeur d’échantillon, le dispositif comprenant :

un moyen destiné à recevoir des valeurs d’échantillon codé ;
un moyen destiné à recevoir des données de classification codées ;
un moyen destiné à recevoir des décalages de compensation codés ;
un moyen destiné à décoder les données de classification et à identifier, sur la base des données de classification
décodées, un groupe de classes (814) sélectionné par un codeur parmi une pluralité de groupes de classes
prédéterminés, chaquedit groupe de classes prédéterminé ayant une plage et étant constitué d’une pluralité
de classes, chacune définissant une plage de valeurs d’échantillon, dans laquelle classe peut être placé un
échantillon si sa valeur d’échantillon s’inscrit dans la plage de la classe concernée, et les groupes de classes
prédéterminés comprenant des groupes de classes ayant des positions centrales respectives différentes dans
une plage totale des valeurs d’échantillon ;
un moyen destiné à décoder les échantillons codés (902-906) pour obtenir des valeurs d’échantillon reconstruit
et à décoder les décalages de compensation codés ;
un moyen destiné à associer les décalages de compensation décodés respectivement aux classes du groupe
de classes sélectionné (814) ; et
un moyen destiné à appliquer un filtrage adaptatif à boucle de décalage d’échantillon (907 ; 804) aux valeurs
d’échantillon reconstruit, le filtrage à boucle consistant à appliquer le décalage de compensation décodé associé
à chaque classe du groupe de classes sélectionné à des valeurs d’échantillon reconstruit s’inscrivant dans la
plage de la classe concernée,
caractérisé en ce que lesdites positions centrales respectives différentes comprennent des positions centrales
différentes d’un centre de ladite plage totale et en ce que les données de classification comprennent des
données représentatives de ladite position centrale du groupe de classes sélectionné (814) dans la plage totale
de valeurs d’échantillon, les données de classification étant codées conformément à la plage des classes.
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