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METHODS AND APPARATUS FOR IMPLICIT AND SEMI-IMPLICIT INTRA MODE
SIGNALING FOR VIDEO ENCODERS AND DECODERS

CROSS-REFERENCE TO RELATED APPLICATIONS
This application claims the benefit of U.S. Provisional Application Serial

No. 61/150,431, filed February 6, 2009, which is incorporated by reference herein in
its entirety.

TECHNICAL FIELD
The present principles relate generally to video encoding and decoding and,

more particularly, to methods and apparatus for implicit and semi-implicit intra mode
signaling for video encoders and decoders.

BACKGROUND

The International Organization for Standardization/International
Electrotechnical Commission (ISO/IEC) Moving Picture Experts Group-4 (MPEG-4)
Part 10 Advanced Video Coding (AVC) standard/International Telecommunication

Union, Telecommunication Sector (ITU-T) H.264 Recommendation (hereinafter the
‘MPEG-4 AVC Standard”) is the first video coding standard that employs spatial
directional prediction for intra coding. The MPEG-4 AVC Standard provides a more
flexible prediction framework such that the coding efficiency is greatly improved over
previous standards in which intra prediction was performed only in the transform
domain. In the MPEG-4 AVC Standard, spatial intra predictioh is performed using -
the surrounding available samples, which are the previously reconstructed samples
available at the decoder within the same slice. For luma samples, intra prediction
can be pefformed on a 4x4 block basis (denoted as Intra_4x4), an 8x8 block basis
(denoted as Intra_8x8), and a 16x16 macroblock basis (denoted as Intra_16x16).
Turning to FIG. 1A, MPEG-4 AVC Standard directional intra prediction with respect
to a 4x4 block basis (Intra_4x4) is indicated generally by the reference numeral 100.
Prediction directions are generally indicated by the reference numeral 110, image
blocks are generally indicéted by the reference numeral 120, and a current block is
indicated by the reference numeral 130. In addition to luma prediction, a separate
chroma prediction is conducted. There are a total of nine prediction modes for
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Intra_4x4 and Intra_8x8, four modes for Intra_16x16, and four modes for the chroma
component. The encoder typically selects the prediction mode that minimizes the
difference between the prediction and original block to be coded. A further intra
coding mode, denoted I_PCM, allows the encoder to simply bypass the prediction
and transform coding processes. The intra coding mode |_PCM allows the encoder
to precisely represent the values of the samples and place an absolute limit on the
number of bits that may be included in a coded macroblock without constraining
decoded image quality.

Turning to FIG. 2, an exemplary labeling of prediction samples for Intra_4x4
in the MPEG-4 AVC Standard is indicated. generally by the reference numeral 200.
In FIG. 2, the samples ébove and to the left of the current block (labeled with letters,
from A to M) have been previously coded and reconstructed and, thus, they are
available at the encoder and decoder to form the prediction.

Turning to FIGs. 3B-J, Intra_4x4 luma prediction modes of the MPEG-4 AVC
Standard are indicated generally by the reference numeral 300. The samples a, b,
C, ..., p of the prediction block are calculated based on the samples A-M using the
Intra_4x4 luma prediction modes 300. The arrows in FIGs. 3B-J indicate the
direction of prediction for each of the Intra_4x4 modes 300. The Intra_4x4 luma
prediction modes 300 include modes 0-8, with mode 0 (FIG. 3B, indicated by
reference numeral 310) corresponding to a vertical prediction mode, mode 1 (FIG.
3C, indicated by reference numeral 311) corresponding to a horizontal prediction
mode, mode 2 (FIG. 3D, indicated by reference numeral 312) corresponding to a DC
mode, mode 3 (FIG. 3E, indicated by reference numeral 313) corresponding to a
diagonal down-left mode, mode 4 (FIG. 3F, indicated by reference numeral 314)
corresponding to a diagonal down-right mode, mode 5 (FIG. 3G, indicated by
reference numeral 315) corresponding to a vertical-right mode, mode 6 (FIG. 3H,
indicated by reference numeral 316) corresponding to a horizontal-down mode,
mode 7 (FIG. 3, indicated by reference 'numéral 317) corresponding to a vertical-left
mode, and mode 8 (FIG. 3J, indicated by reference numeral 318) corresponding to a
horizontal-up mode. FIG. 3A shows the general prediction directions 330
corresponding to each of the Intra_4x4 modes 300. In modes 3-8 (corresponding to
FIGs. 3E-J), the predicted samples are formed from a weighted average of the
prediction samples A-M. In DC mode corresponding to FIG. 3D, the predicted
samples are the mean of the prediction samples Ato D and | to L. Intra_8x8 uses
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basically the same concepts as the 4x4 predictions, but with a block size of 8x8 and
with low-pass filtering of the predictors fo improve prediction performance.

Turning to FIGs. 4A-D, four Intra_16x16 modes corresponding to the MPEG-4
AVC Standard are indicated generally by the reference numeral 400. The four
Intra_16x16 modes 400 includes modes 0-3, with mode 0O (FIG. 4A, indicated by
reference numeral 410) corresponding to a vertical prediction mode, mode 1 (FIG.
4B, indicated by reference numeral 411) corresponding to a horizontal prediction
mode, mode 2 (FIG. 4C, indicated by reference numeral 412) corresponding to a DC
prediction mode, and mode 3 (FIG.-4D, indicated by reference numeral 413)
corresponding to a plane prediction mode. Each 8x8 chroma component of an intra
coded macroblock is predicted from previously encoded chroma samples above
and/or to the left. Both chroma components use the same prediction mode. The four
prediction modes are very similar to the Intra_16x16, except that the numbering of
the modes is different. The modes are DC (mode 0), horizontal (mode 1), vertical
(mode 2) and plane (mode 3).

Signaling Intra Prediction Modes

The choice of intra prediction mode for each 4x4 block must be signaled to
the decoder and this could potentially réquire a large number of bits. The MPEG-4 -
AVC Standard has a particular method to signal the intra mode in order to avoid the
use of a large number of bits. Intra modes for neighboring 4x4 blocks are often
correlated. To take advantage of this correllation’, predictive coding is used in the
MPEG-4 AVC Standard to signal 4x4 intra modes. Turning to FIG. 5, exemplary
block partitions to which the present principles may be applied are indicated
generally by the reference numeral 500. The current block is designated by the
reference charactér “E"). Foreach current block (e.g., block E in FIG. 5), the
encoder and decoder calculate the most probable prediction mode, which is the
minimum of the prediction modes of block A and block B. If either of these
neighboring blocks is not available (outside the current slice or not coded in Intrad4x4
mode), the corresponding mode value for the mis‘sing‘ block (A or B) is set to 2 (DC
prediction mode). ,

The encoder sends a flag for each 4x4 block, namely
pre_intradx4_pred_mode. If the flag is equal to 1, the most probable prediction
mode is used. If the flag is equal to 0, another parameter rem_intra4x4_pred_mode
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is sent to indicate a change of mode. If rem_intradx4_pred_mode is smaller than
the current most probable mode, then the prediction mode is set to
rem_intra4x4_pred_mode. Otherwise, the ~prediction mode is set to
(rem_intradx4_pred_mode+1). In this way, only eight values to transmit the chosen
rem_intra4x4_pred_mode are used (0 to 7) to signal the current intra mode (0 to 8).

The signalihg of Intra8x8 is the same as that of Intra4x4. The prediction
mode for luma coding in Intra16x16 mode or chroma coding in intra mode is
signaled in the macroblock header and predictive coding of the mode is not used in
these cases. _

Although the most probable mode is simple to compute and reduces the
number of bits requifed for coding the prediction modes, it is not optimal in catching A
the local variations of block characteristics.

Displaced Intra Prediction (DIP)

During the development of the ITU-T H.26L Standard, displaced intra
prediction was proposed. The proposal i'e-uses the concept of variable block size
inter-prediction as specified in the MPEG-4 AVC Standard for intra prediction.
Turning to FIG. 1B, an example of displaced intra prediction is indicated generally by
the reference numeral 150. The displaced intra predictioh 150 involves an intra
coded region 152, a current block 154, a candidate block 156, and a displacement
vector 158. In general, previously encoded intra regions (e.g., candidate block 156)
of a slice can be referenced by displacement vectors (e.g., displacement vector 158)
for prediction of the current intra block (e.g., current block 154). The displaced intra
prediction 150 is implemented on a macroblock basis. The displacement vectors are
encoded differentially using a prediction by the median of the neighboring blocks, in
analogy to the inter motion vectors in the MPEG-4 AVC Standard.

Even though the preceding displaced intra prediction approach effectively
improves coding efﬁ'ciency when textures or patterns appear repeatedly in intra
coded pictures, the preceding displaced intra prediction approach is limited by the
fact that extra bits are required to transmit the value of the displacement vectors.

Template Matching Prediction (TMP)
Template matching prediction is a concept of texture synthesis to deal with
the generation of a continuous texture that resembles a given sample.
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Intra prediction using template matching in the context of the MPEG-4 AVC
Standard has been proposed. In the proposal, the scheme is integrated as an
additional mode for Intrad4x4 or Intra8x8 prediction in the MPEG-4 AVC Standard.
With template matching prediction, self-similarities of image regions are exploited for
prediction. Previously encoded intra regions of a slice can be reused for prediction.
The TMP algorithm recursively determines the value of current pixels under
prediction by selectihg at least one patch (of one or more pixels) of decoded data.
Patches are selected according to a matching rule, where patch neighboring pixels
are compared to current block neighboring pixels, and patches having the most
similar neighboring pixels are selected. Turning to FIG. 1C, an exémple of template
matching intra prediction is indicated generally by the reference numeral 170. The
template matching intra prediction 170 involves a candidate neighborhood 172, a
candidate patch 174, a ;cemplate 176, and a target 178. Since the search 'region and
the neighborhood (e.g., candidate neighborhood 172) of the current pixels (e.g.,
target 178) are known at the encoder and the decoder side, no additional side

‘information has to be transmitted, and identical prediction is achieved on both sides.

Heré, template matching on a 2x2 luma sample grid is applied to enable a joint
prediction for luma and chroma samples in 4:2:0 video sequences.

Both displaced intra prediction (DIP) and template matching prediction (TMP)
methods search the previously encoded regions in the current picture. However,
DIP requires sending the displacement motion vectors while TM does not. TM does
an implicit derivation of the displacement vector by means of comparing templates.
The implicit derivation saves the bits of transmitting the displacement vectors.

SUMMARY
These and other drawbacks and disadvantages of the prior art are addressed

_by the present principles, which are directed to methods and apparatus for implicit

and semi-implicit intra mode signaling for video encoders and decoders.

According to an aspect of the present principles, there is provided an
apparatus. The apparatus includes an éncoder for encoding picture data for at least
a portion of a picture. The encoder derives an intra mode to épply to the portion
from neighboring template data and abstains from explicitly signaling the intra mode
for the portion. The neighboring template data corresponds to a neighboring
template formed from neighboring pixels with respect to the portion.
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According to yet another aspect of the present principles, there is provided a
method in a video encoder. The method includes encoding picture data for at least
a portion of a picture by deriving an intra mode to apply to the portion from
neighboring template data, and abstaining from explicitly signaling the intra mode for
the portion. The neighboring template data corresponds to a neighboring template '
formed from neighboring pixels with respect to the portion.

According to still another aspect of the présent principles, there is provided an
apparatus. The apparatus includes a decoder for decoding picture data for at least a
portion of a picture. The decoder derives an intra mode to apply to the portion from
neighboring template déta in an absence of receiving any explicit signaling of the
intra.mode for the portion. The neighboring template data cofresponds toa
neighboring template formed from neighboring pixels with respect to the portion.

According to a further aspect of the present principles, there is provided a
method in a video decoder. The method inciudes decoding picture data for at least
a portion of a picture by deriving an intra mode to apply to the portion from
neighboring template data in an absence of receiving any explicit signaling of the
intra mode for the portion. . The neighboring template data corresponds to a
neighboring template formed from neighboring pixels with respect to the portion.

These and other aspects, features and advantages of the present principles will
become apparent from the following detailed description of exemplary embodiments,
which is to be read in connection with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
The present principles may be better understood in accordance with the

following exemplary figures, in which:
A FIG. 1A is a diagram showing MPEG-4 AVC Standard directional intra
prediction with respect fo a 4x4 block basis (Intra_4x4);

FIG. 1B is a diagram showing an exam'ple of displaced intra prediction;

FIG. 1C is a diagram showing an example of template matching intra
prediction;

- FIG. 2 is a diagram showing Iabeling of prediction samples for the Intra_4x4

mode of the MPEG-4 AVC Standard:;

FIGs. 3A-J are diagrams showing Intra_4x4 IUma prediction modes of the
MPEG-4 AVC Standard;
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FIGs. 4A-D are diagrams respectively showing four Intra_16x16 modes
cofresponding to the MPEG-4 AVC Standard;

FIG. § is a diagram showing exemplary block partitions to which the present
principles may be applied:; |

FIG. 6 is a block diagfam showing an exemplary video encoder to which the
present principles may be applied, in accordance with an embodiment of the present
principles;

FIG. 7 is a block diagram showing an exemplary video decoder to which the
present principles may be applied, in accordance with an embodiment of the present
principles; '

FIG. 8 is a flow diagram showing an exemplary method for implicit intra mode
signaling in a video encoder, in accordance with an embodiment of the present
principles;

FIG. 9 is a flow diagram showing ah exemplary method for implicit intra mode
signaling in a video decoder, in accordance with an embodiment of the present
principles;

FIG.10is a flow diagram showing an exemplary method for semi-implicit intra
mode signaling in a video encoder, in accordance with an embodiment of the
present principles;

FIG. 11 s a flow diagram showing an exemplary method for semi-implicit intra
mode signaling in a video decoder, in accordance with an embodiment of the
present principles; .

FIG. 12 is a flow diagram showing an exemplary method for implicit intra
mode signaling in a video encoder capable of supporting the MPEG-4 AVC
Standard, in accordance with an embodiment of the present principles;

FIG. 13 is a flow diagram showing an exemplary method for implicit intra
mode signaling in a video decoder capable of supporting the MPEG-4 AVC
Standard, in accordance with an embodiment of the present principles;

FIG. 14 is a flow diagram showing an exemplary method for implicit intra
mode signaling in a video encoder, in accordance with an embodiment of the
present principles; |

FIG. 15 is a flow diagram showing an éxemplary method for implicit intra
mode signaling in a video decoder, in accordance with an embodiment of the
present principles; |
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FIG. 16 is a flow diagram showing an exemplary method for implicit intra
mode signaling in a video encoder, in accordance with an embodiment of the
present principles;

FIG. 17 is a flow diagram showing an exemplary method for implicit intra
mode signaling in a video decoder, in accordance with an embodiment of the
present principles;

FIG. 18 is a flow diagram showing an exemplary method for semi-implicit intra
mode signaling in a video encoder,'in accordance with an embodiment of the
present principles; and

FIG. 19 is a flow diagram showing an exemplary method for semi-implicit intra
mode signaling in a video decoder, in accordance with an embodiment of the
present principles.

DETAILED DESCRIPTION

The present principles are directed to methods and apparatus for implicit and

semi-implicit intra mode signaling for video encoders and decoders.

The present description illustrates the present principles. It will thus be
appreciated that those skilled in the art will be able to devise various arrangements
that, although not explicitly described or shown herein, embody the present
principles and are included within its spirit and scope.

All examples and conditional Iangua_ge recited herein are intended for
pedagogical purposes to aid the reader in understanding the present principles and
the concepts contributed by the inventor(s) to furthering the art, and are to be
construed as being without limitation to such specifically recited examples and
conditions. |

Moreover, all statements herein reciting principles, aspects, and
embodiments of the present principles, as well as specific examples thereof, are
intended to encompass both structural and functional equivalents thereof.
Additionally, it is intended that such equivalents include both currently known
equivalents as well as equivalents developed in the future, i.e., any elements
developed that perform the same function, regardless of structure. .

Thus, for example, it will be appreciated by those skilled in the art that the
block diagrams presented herein represent conceptual views of illustrative circuitry
embodying the present principles. Similarly, it will be appreciated that any flow
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charts, flow diagrams, state transition diagrams, pseudocode, and the like represent
various processes which may be substanﬁally represented in computer readable
media and so executed by a computer or processor, whether or not such computer
or processor is explicitly shown.

The functioné of the various elements shown in the figures may be provided
through the use of dedicated hardware as well as hardware capable of executing
software in association with appropriate software. When provided by a processor,
the functions may be provided by a single dedicated processor, by a single shared
processor, or by a plurality of individual processors, some of which may be shared.
Moreover, explicit use of the term “processor” or “controller” should not be construed
to refer exclusively to hardware capable of executing software, and may implicitly
include, without limitation, digital signal processor (‘DSP”) hardware, read-only
memory ("ROM’) for storing software, random access memory (“RAM”), and
non-volatile storage.

Other hardware, conventional and/or custbm, may also be included.

Similarly, any switches shown in the figures are conceptual only. Their function may
be carried out through the operation of program logic, through dedicated logic,
through the interaction of program control and dedicated logic, or even manually, the
particular technique being selectable by the implementer as more specifically
understood from the context. . '

In the claims hereof, any element expressed as a means for performing a
specified function is intended to encompass any way of performing that function
including, for example, é) a combination of circuit elements that performs that
function or b) software in any form, including, therefore, firmware, microcode or the
like, combined with appropriate circuitry for executing that software to perform the
function. The present principles as defined by such claims reside in the fact that the
functionalities provided by the various recited means are combined and brought
together in the manner which the claims call for. Itis thus regarded that any means
that can provide those functionalities are equivalent to those shown herein.

Reference in the specification to “one embodiment” or “an embodiment” of the
present principles, as well as other variations thereof, means that a particular
feature, structure, characteristic, and so forth described in connection with the
embodiment is included in at least one embodiment of the present principles. Thus,
the appearances of thephrase “in one embodiment” or “in an embodiment”, as well
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any other variations, appearing in various places throughout the specification are not
necessarily all referring to the same embodiment.

It is to be appreéiated that the use of any of the following “/*, “and/or”, and “at
least one of”, for example, in the cases of “A/B”, “A and/or B” and “at least one of A
and B, is intended to encompass the selection of the first listed option (A) only, or
the selection of the second listed option (B) only, or the selection of both options (A
and B). As a further example, in the cases of “A, B, and/or C” and “at least one of A,
B, and C”, such phrasing is intended to encompass the selection of the first listed
option (A) only, or the selection of the second listed option (B) only, or the selection .
of the third listed option (C) only, or the selection of the first and the second listed
options (A and B) only, or the selection of the first and third listed options (A and C)
only, or the selection of the second and third listed options (B and C) only, or the
selection of all three options (A and B and C). This may be extended, as readily
apparent by one of ordinary skill in this and related arts, for as many items listed.

Moreover, it is to be appreciated that while one or more embodiments of the
present principles are described herein with respect to the MPEG-4 AVC standard,
the present principles are not limited to solely this standard and, thus, may be
utilized with respect to other video coding standards, recommendations, and
extensions thereof, 'including extensions of the MPEG-4 AVC standard, while
maintaining the spirit of the present principles.

Moreover, as used herein, “high level syntax” refers to syntax present in the
bitstream that resides hierarchically above the macroblock layer. For example, high
level syntax, as used herein, may refer to, but is not limited to, syntax at the slice

_header level, Supplemental Enhancement Information (SEl) level, Picture Parameter

Set (PPS) level, Sequence Parameter Set (SPS) level and Network Abstraction
Layer (NAL) unit header level.

Further, as used herein, “neighboring blocks” refers to blocks that are
proximate to a current block in a particular picture.

Also, as used herein, “neighboring template” refers to a region in a picture
that is formed from, or that corresponds to, one or more neighboring pixels. Stated
another way, “neighboring template” refers to e.g., an arrangement and/or selection
of neighboring pixels, from which information (e.g., neighboring template data) for
the current block may be derived.
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Additionally, as used herein, “neighboring template data” refers to data that is
derived and/or otherwise obtained based on the neighboring template. For example,
such data may be data relating to the one or more neighboring pixels that form a
neighboring template. As a further example, such data may include, but is not
limited to, intra mode information relating to one or more neighboring pixels that form
a neighboring template.

Turning to FIG. 6, an exemplary video encoder to which the present principles
may be applied is indicated generally by the reference numeral 600.

The video encoder 600 includes a frame drdering buffer 610 having an output
in signal communication with a non-inverting input of a combiner 685. An output of
the combiner 685 is connected in signal communication with a first input of a
transformer and quantizer 625. An output of the transformer and quantizer 625 is
connected in signal communication with a first input of an entropy coder 645 and a
first input of an inverse transformer and invérse quantizer 650. An output of the
entropy coder 645 is connected in signal communication with a first non-inverting
input of a combiner 690. An output of the combiner 690 is connected in signal
communication with a first input of an output buffer 635, '

A first output of an encoder controller 605 is connected in signal
communication with a second input of the frame ordering buffer 610, a second input
of the inverse transformer and inverse quantizer 650, an input of a picture-type
decision module 615, a first input of a macroblock-type (MB-type) decision module
620, a second input of an intra prediction module 660, a second input of a
deblocking filter 665, a first input of a motion compensator 670, a first input of a
motion estimator 675, and a sécond input of a reference picture buffer 680.

A second output of the encoder controller 605 is connected in signal
communication with a first input of a Supplemental Enhancement Information (SE)
inserter 630, a second input of the transformer and quantizer 625, a second input of
the entropy coder 645, a second input of the output buffer 635, and an input of the
Sequence Parameter Set (SPS) and. Picture Parameter Set (PPS) inserter 640.

An output of the SEI inserter 630 is connected in signal communication with a
second non-inverting input of the combiner 690.

- Afirst output of the picture-type decision module 615 is connected in signal
communication with a third input of the frame ordering buffer 610. A second output
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of the picture-type decision module 615 is connected in signal communication with a
second input of a macroblock-type decision module 620.

An output of the Sequence Parameter Set (SPS) and Picture Parameter Set -
(PPS) inserter 640 is connected in signal communication with a third non-inverting
input of the combiner 690. .

An output of the inverse quantizer and ‘inverse transformer 650 is connected
in signal communicétion with a first non-inverting input of a combiner 619. An output
of the combiher 619 is connected in signal communication with a first input of the
intra prediction module 660 and a first input of the deblocking filter 665. An output of
the deblocking filter 665 is connected in signal communication with a first input of a
reference picture buffer 680. An output of the réference picture buffer 680 is
connected in signal communication with a second input of the motion estimator 675
and a third input of the motion compensator 670. A first output of the motion
estimator 675 is connedted in signal communication with a second input of the ‘
motion compensator 670. A second output of the motion estimator 675 is connected
in signal communication with a third input of the entropy coder 645.

An output of the motion compensator 670 is connected in signal
communication with a first input of a switch 697. An output of the intra prediction
module 660 is connected in signal communication with a second input of the switch
697. An output of the macroblock-type-decision module 620 is connected in signal
communication with a third input of the switch 697. The third input of the switch 697
determines whether or not the “data” input of the switch‘(as compared to the control
input, i.e., the third input) is to be provided by the motion compensator 670 or the
intra prediction module 660. The output of the switch 697 is connected in signal
communication with a second non- -inverting input of the combiner 619 and an
inverting input of the combiner 685. .

A first input of the frame ordering buffer 610 and an input of the encoder
controller 605 are available as inputs of the encbder 600, for receiving an input
picture. Moreover, a second input of the Supplemental Enhancement Information
(SEI) inserter 630 is available as an input of the encoder 600, for receiving
metadata. An output of‘ the output buffe‘r 635 is available as an output of the
encoder 500, for outputting a bitstream.

Turning to FIG. 7, an exemplary video decoder to which the present principles
may be applied is indicated generally by the reference numeral 700.
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The video decoder 700 includes an input buffer 710 having an output
connected in signal communication with a first input of the entropy decoder 745. A
first output of the entropy decoder 745 is connected in signal communication with a
first input of an inverse transformer and inverse quantizer 750. An output of the
inverse transformer and inverse quantizer 750 is connected in signal communication
with a second non-inverting input of a combiner 725. An output of the combiner 725
is connected in signal communication with a second input of a deblocking filter 765
and a first input of an intra prediction module 760. A second output of the
deblocking filter 765 is connected in signal communication with a first input of a
reference picture buffer. 780. An output of the reference picture buffer 780 is
connected in signal communication with a second input of a motion compensator
770. , o

A second output of the entropy decoder 745 is connected in signal
communication with a third input of the motioh compensator 770 and a first input of
the deblocking filter 765. A third output of the entropy decoder 745 is connected in
signal communication with an input of a decoder controller 705. A first output of the
decoder controller 705 is connected in signal communication with a second input of
the entropy decoder 745. A second output of the decoder controller 705 is
connected in signal communication with a second input of the inverse transformer
and inverse quantizer 750. A third output of the decoder controller 705 is connected
in sighal communication with a third input of the deblocking filter 765. A fourth
output of the decoder céntroller 705 is cbnnected in signal communication with a
second input of the intra prediction module 760, a first input of the motion
compensator 670, and a second input of the reference picture buffer 780.

An output of the motion compensato'r 770 is connected in signal
communication with a first input of a switch 797. An output of the intra prediction
module 760 is connected in signal communication with a second input of the switch
797. An output of the switch 797 is connected in signal communication with a first
non-inverting input of the combiner 725.

An input of the input buffer 710 is available as an input of the decoder 700, for
receiving an input bitstream. A first output of the deblocking filter 765 is available as
an output of the deéoder 700, for outputting an output picture.
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As noted above, the present principles are directed to methods and apparatus
for implicit and semi-imblicit intra mode signaling for video encoders and decoders.
In an embodiment, the present principles are based on template matching.

Advantageously, the implicit intra mode derivation saves the transmission of
bits to indicate the selected intra mode. In addition, we also describe a combination
of explicit derivation with the implicit one. We call this mode a semi-implicit mode.

Furthermore, as previously described, although the most probable mode as
used by the prior art is simple to compute and reduces the number of bits required
for coding the prediction modes, it is not optimal in catching the local variations of
block characteristics. Thus, in accordance with the present principles, we take into
account the local variations of block characteﬁstics to provide an improved
prediction of the most probable mode and, thus, reduce the required number of bits
to signal the selectéd intra mode.

The method used to a signal an intra prediction mode is fundamental to the
efficiency of current video encoders for intra coding. The prior art does not fully take
advantage of neighboring data to determine the best prediction and prediction mode.
In accordance with the present principles, we propose new ways to derive the intra
modes. In various.embodiments, we described various methods for implicit and
semi-implicit signaling, és well as combinations thereof. The implicit signaling
avoids the requirement of sending bits to convey what prediction mode should be
used. The semi-implicit derivation aids in obtaining a better prediction (for example,
with respect to rate-distortion) of the intra mode to use. Also, the combination of
implicit and explicit signaling combines the benefits .of the pfevious approaches.

Thus, in accordance with the preset principles, we propose the use of implicit
and semi-implicit intra mode signaling. In an embodiment, the proposed scheme
predicts the intra mode based on a templéte composed of neighboring samples.
Given the mode of a region or block of a frame to be predicted, we test the
neighboring template of the current block which is already decoded. The best mode
for the neighboring patch will be predicted as the intra mode for the current block.-
We describe embodiments with an implicit signaling of the intra mode, as well as a
semi-implicit derivation of the mode, and a combination of implicit and explicit
modes. Although the background of the present principles is described in the
context of the MPEG-4 AVC Standard, and the present principlés are compared to
the MPEG-4 AVC Standard in terms of benefits and advantages, the present
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principles apply in general to video encoding and decoding, and are not limited to
(and, in fact, is non-compliant with) prior developed standards and
recommendations.

In an embodiment, the encoder can choose whether to send the mode
prediction error, for example, using implicit or semi-implicit mode signaling. Since
the neighborhood of the current pixel(s) are known at the encoder and the decoder
side, no additional side information has to be transmitted, and identical prediction is
achieved on both (encoder and decoder) sides. |

Turning to FIG. 8, an exemplary method for implicit intra mode signaling in a
video encoder is indicated generally by the reference numeral 800. The method 800
includes a start block 805 that passes control to a function block 810. The function
block 810 predicts the intra mode as the most probable mode mp, and passes
control to a function block 815. The function block 815 encodes a current block
using the most probable mode m,, and passes control to an end block 899.

Turning to FIG. 9, an exemplary method for implicit intra mode signaling in a
video decoder is~indicafed generally by the reference numeral 900. The method 900
includes a start block 905 that passes control to a function block 910. The function
block 910 bredicts the intra mode as the most probable mode m,, and passes
control to a function block 915. The function block 915 decodes the current block
using the most probable mode my, and paéses control to an end block 999.

Turning to FIG. 10, an exemplary method for semi-implicit intra mode
signaling in a video encoder is indicated generally by the reference numeral 1000.
The method 1000} includes a start block 1005 that passes control to a function block
1010. The function block 1010 predicts the intra mode as the most probable mode
m, and passes control to a function block 1015 and a decision block 1020. The
function block 1015 derives the intra mode as the best rate-distortion based mode
Mro (also referred to herein as “best_mode RD based”), and passes control to the
decision block 1020. The decision block 1020 determines whether or not m_ = mgp. - |
If so, then control is passed to a function block 1025. Otherwise, control is passed
to a function block 1035. , -

The function block 1025 sets the most_probable_mode = 1, and passes
control to a function block 1030. The function block 1030 encodes the current block
using mgp, and passes bontrol to an end block 1099.
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The function block 1035 sets the most_probable_mode = 0, and passes
control to a function block 1040. The function block 1040 signals intra prediction
mode, and passes control to the function block 1030.

Turning to FIG. 11, an exemplary method for semi-implicit intra mode
signaling in a video decoder is indicated geherally by the reference numeral 1100.
The method 1100 includes a start block 1105 that passes control to a function block
1110. The function block 1110 parses the bitstream, and passes control to a
function block 1115. The function block 1115 predicts the intra mode for the current
block as the most probable mode, and pa‘sses control to a decision block 1120. The
decision block 1120 reads most_probable_mode and determines whether
most_probable_mode is set to 1 or 0. If the most_probable_mode is set to 1, then
control is passed to a function block 1125. Otherwise, control is passed to a function
block 1135. |

The function block 1125 outputs the intra mode, and passes control to a
function block 1130. The function block 1130 decodes the current block using Mgp,
and passes control to an end block 1199.

. The function block 1135 reads the intra prediction mode, and passes control
to the function block 1125. ' ' '

In a first illustrative embodiment relating to FIGs. 12 and 13 shown below, to
decide the intra mode of the current block, we first search for the best intra mode of
its neighboring patch. The encoder calculates the prediction for its neighboring
patch with every one of the nine modes for Intra_4x4 and Intra_8x8, or four modes
for Intra_16x16. Then, the encoder selects the mode that minimizes the difference
(SAD, MSE, and/or so forth) between the prediction and the decoded neighboring
patch. This mode mbde_p will be used to encode the current block. The same
operation can be performed at the decoder and the identical prediction mode is
generated. -

Turning to FIG. 12, an exemplary method for implicit intra mode signaling in a
video encoder capable of supporting the MPEG-4 AVC Standard is indicated
generally by the referen'ce numeral 1200. The method 1200 includes a start block
1205 that passes control to a loop limit biock 1210. The loop limit block 1210 begins
a loop i over each macroblock of a current picture (field or frame) or portion of a
picture, from 0 to num_MBs_minus1, and passes control to a loop limit block 1215.
The loop limit block-1215 begins a loop | over each intra mode, from 1 to
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num_Intra_Modes, and passes control to a function block 1220. The function block
1220 calculates a prediction and a sum of absolute difference (SAD) for the
neighboring area of block i with -mode j, and passes control to a loop limit block
'1225. The loop limit block 1225 ends the loop j, and passes control to a function
block 1230. The function block 1230 sets mode_p = mode j with the least SAD, and
passes control to a function block 1235. The function block 1235 encodes a current
block using mode_p, and passes control to a loop limit block 1240. The loop limit
block 1240 ends the loop i, and passes control to an end block 1299.

‘Turning to FIG. 13, an exemplary method for implicit intra mode signaling in a
video decoder capable of supporting the MPEG-4 AVC Standard is indicated |
generally by the reference numeral 1300. The method 1300 includes a start block
1305 that passes control to a loop limit block 1310. The loop limit block 1310 begins
a loop i over each macroblock of a current picture (field or frame) or portion of a
picture, from 0 to num_MBs_minus1, and passes control to a loop limit block 1315.
The loop limit block 1315 begins a loop j over each intra mode, from 1 to
num_lIntra_Modes, and passes control to a function block 1320. The function block
1320 calculates a prediction and a sum of absolute difference (SAD) for the
neighboring area of block i with mode j, and passes control to a loop limit block
1325. The loop limit block 1325 ends the loop j, and passes control to a function
block 1330. The function block 1330 sets mode_p = mode j with the least SAD, and
passes control to a function block 1335. The function biock 1335 decodes a current
block using mode_p, and passes control to a loop limit block 1340. The loop limit
block 1340 ends the loop i, and passes control to an end block 1399.

In a second illustrative embodiment relating to FIGs. 14 énd 15 shown below,
we consider the MPEG-4 AVC Standard most probable mode and reduce the
computational complexity by only searching within a limited range. FIGs. 14 and 15
illustrate how the implicit intra mode signaling is respectively included in a video
encoder and decoder. Before encoding the current block, we set the most probable
mode as follows:

mode_a = f (mode_neighbor_1, mode_neighbor_2, ..., mode_neighbor_n),

where mode_neighbor_i is the intra mode of a respective neighboring block and f(.)
is a function of the neighboring blocks modes. To decide the intra mode of the
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current block, we test its neighboring patch only with the set of modes that are
correlated with mode_a. In other words, predictions and SADs are calculated for
each mode in the set M = yw(mode_a) before the best mode mode._p is selected from
M. y is a function that inputs a mode and outputs a range of modes. The mode
mode_p will be used to assist the encoding of the current block. The same
operation can be performed at the decoder and identical prediction mode is
generated.

Turning to FIG. 14, an exemplary method for implicit intra mode signaling in a
video encoder is indicated generally by the reference numeral 1400. The method
1400 includes a start block 1405 that passes control to a loop limit block 1410. The
loop limit block 1410 begins a loop i over each macroblock of a current picture (field
or frame) or portion of a picture, from 0 to num_MBs_minus1, and passes control to
a function block 1415. The function block 1415 sets mode_a = f(mode_neighbor_1,
mode_neighbor_2, ..., mode_neighbor_n), and passes control to a loop limit block
1420. The loop limit block 1420 begins a loop j over each intra mode, from 1 to
num_Intra_Modes, and passes control to a decision block 1425. The decision block
1425 determines whether or not j € g(mode_a). If so, then control is passed to a
function block 1430. Otherwise, control is passed to a loop limit block 1435.

The function block 1430 calculates a prediction and a sum of absolute
difference (SAD) for the neighboring area of block i with mode j, and passes control
to the loop limit block 1435. o

The loop limit block 1435 ends the loop j, and passes control to a function
block 1440. The function block 1440 sets mode_p = mode j with the least SAD, and
passes control to a function block 1445. The function block 1445 encodes a current
block using mode_p, and passes control to a loop limit block 1450. The loop limit
block 1450 ends the loop i, and passes control to an end block 1499.

Turning to FIG. 15, an exemplary method for implicit intra mode signaling in a
video-decoder is indicated generally by the reference numeral 1500. The method
1500 includes a start block 1505 that passes control to a loop limit block 1510. The
loop limit block 1510 begins a loop i over each macroblock of a current picture (field |
or frame) or portion of a picture, from 0 to num_MBs_minus1, and passes control to
a function block 1515. The function block 1515 sets mode_a = f(mode_neighbor_1,
mode_neighbor_2, ..., mode_neighbor_n), and passes control to a loop limit block
1520. The loop limit block 1520 begins a loop j over each intra mode, from 1 to
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num_Intra_Modes, and passes control to a decision block 1525. The decision block
1525 determines whether or not j < ¢(mode_a). If so, then control is passed to a
function block 1530. Otherwise, control.is passed to a loop limit block 1535.

The function block 1530 calculates a prediction and a sum of absolute
difference (SAD) for the neighboring area of block i with mode j, and passes control
to the loop limit block 1535. ,

The loop limit block 1535 ends the loop j, and passes control to a function
block 1540. The function block 1540 sets mode_p = mode j with the least SAD, and
passes control to a function block 1545. The function block 1545 decodes a current
block using mode: p, and passes control to a loop limit block 1550. The loop limit
block 1550 ends the loop i, and passes control to an end block 1599.

In a third ilustrative embodiment relating to FIGs. 16 and 17 shown below, we
use the MPEG-4 AVC Standard most probable mode to reduce intra prediction
residues and improve the coding efficiency. FIGs. 16 and 17 illustrate how the
implicit intra mode signaling is respectively included in a video encoder and decoder.
After the encoder selects the best intra mode mode_b for the neighboring patch, we
predict the intra mode of the current block as mode_p = ¢(mode_b,
mode_neighbor_1, mode_neighbor_2, ..., mode_neighbor_n). This mode will be
used to encode the current block. The same operation can be performed at the
decoder-and identical prediction mode is generated.

Turning to FIG. 16, an exemplary method for implicit intra mode signaling in a
video encoder is indicated generally by the reference numeral 1600. The method
1600 includes a start block 1605 that passes control to a loop limit block 1610. The
loop limit block 1610 begins a loop i over each macroblock of a current picture (field
or frame) or portion'of a picture, from 0 to 'num_MBs_minus1, and passes control to
a loop limit block 1615. The loop limit block 1615 begins a loop j over each intra
mode, from 1 to num_Intra_Modes, and passes control to a function block 1620.
The function block 1620 calculates a prediction and a sum of absolute difference
(SAD) for the neighboring area of block i with-mode j, and passes control to a loop
limit block 1625. The loop limit block 1625 ends the loop j, and passes control to a
function block 1630. The function block 1630 sets mode b = mode j with least SAD,
and passes control to a function block 1635. The function block 1635 sets mode

predictor mode_p = ¢(mode_b_, mode_neighboring 1, ..., mode_neighbor_n), and

passes control to a function block 1640. The function block 1640 encodes the
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current block using mode_p, and passes control to a loop limit block 1645. The loop
limit block 1645 ends the loop i, and passes control to an end block 1699.

Turning to FIG. 17, an exemplary method for implicit intra mode signaling in a
video decoder is indicated generally bAy the reference numeral 1700. The method
1700 includes a start block 1705 that passes control to a loop limit block 1710. The
loop limit block 1710 begins a loop i over each macroblock of a current picture (field
or frame) or portion of a picture, from 0 to num_MBs_minus1, and passes control to .
a loop limit block 1715. The loop limit block 1715 begins a loop j over each intra
mode, from 1 to num_Intra_Modes, and passes control to a function block 1720.
The function block 1720 calculates a prediction and a sum of absolute difference
(SAD) for the neighboring area of block i with mode j, and passes control to a loop
limit block 1725. The loop limit block 1725 ends the loop j, and passes controltoa -
function block 1730. The function block 1730 sets mode_b =‘mode j with least SAD,
and passes control to a function block 1735. The function block 1735 sets mode
predictor mode_p = ¢(mode_b_, mode_neighboring_1, ..., mode_neighbor_n), and
passes control to a function block 1740. The function block 1740 decodes the
current block using mode_p, and passes control to a loop limit block 1745. The loop
limit block 1745 ends the loop i, and passes control to an end block 1799.

In a fourth illustrative embodiment "relating to FIGs. 18 and 19 shown below,
the encoder can send the mode prediction error to the decoder. FIGs. 18 and 19
illustrate how the semi-implicit intra mode signaling is respectively included in a
video encoder and decoder. Before encoding the current block, we set the most
probable mode as mode a = f (mode_neighbor 1, mbde_neighbor_z,
mode_neighbor_n), where mode_neighbor_i is the intra mode of a neighboring block
and f(.) is a function of the neighboring blocks modes. As a particular embodiment,
we can set mode_a = min(mode_up, mode_left), similarly as the MPEG-4 AVC
Standard most probable mode. To decide the intra mode of the current block, we
test its neighboring patch only with the set of modes that are correlated with
mode_a. Predictions and SADs are calculated for each mode in the set M =
W(mode_a) before the best mode mode_b is selected from M. In particular, if we
order the intra modes as in the MPEG-4 AVC Standard, we can set y(mode_a) to
the region [max{0, mode_a - 2}, min{mode_a + 1, mode_max}] where mode_max is
the maximum mode index. Then, the intra mode of the current block is predicted as
mode_p = ¢(mode_b, mode_neighbor_1, mode_neighbor 2, ..., mode_neighbor_n).
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One possible embodiment of this function @ is mode_p = median{mode_b,
mode_up, mode_left}. After that, rate-distortion (RD) optimized mode decision is
performed for the current block. The best mode mode_rd is the one that provides
the minimum RD cost, which takes into consideration the rate required for coding a
mode with respect to mode_p. Finally, the difference between mode_rd and
mode_p is signaled to the decoder as in the MPEG-4 AVC Standard, and the same
operation can be performed at the decoder to generate identical prediction.

Turning to FIG. 18, an exemplary method for semi-implicit intra mode
signaling in a video encoder is indicated generally by the reference numeral 1800.
The method 1800 includes a start block 1805 that passes control to a loop limit block
1810. The loop limit block 1810 begins a loop.i over each macroblock of a current
picture (field or frame) or portion of a picturé, from 0 to num_MBs_minus1, and
passes control to a function block 1815. The function block 1815 sets mode_a =
f(mode_neighbor_1, mode_neighbor 2, ..., mode_neighbor_n), and passes control
to a loop limit block 1820. The loop limit block 1820 begins a loop j over each intra
mode, from 1 to num_Intra_Modes, and passes control to a decision block 1825.
The decision block 1825 determines whether or notj € @(mode_a). If so, then
control is passed to a function block 1830. Otherwise, control is passed to a loop
limit block 1835.

The function block 1830 calculates a prediction and a sum of absolute
difference (SAD) for' the neighboring area of block i with mode j, and passes control
to the loop limit block 1835. .

The loop limit block 1835 ends the loop j, and passés control to a function
block 1840. The function block 1840 sets mode_b = mode j with the least SAD, and
passes control to a function block 1845. The function block 1845 sets mode
predictor mode_p = ¢(mode_b mode_;neighboring_1, ..., mode_neighbor_n), and
passes control to a function block 1850. The function block 1850 performs a mode
decision for the current block as mode_rd, and passes control to a function block
1855. The function block 1855 entropy en¢odes mode_rd with respect to mode _p,
and passes control to a loop limit block 1860. The loop limit block 1860 ends the
loop i, and passes control to an end block 1899.

Turning to FIG. 19, an exemplary method for semi-implicit intra mode
signaling in a video decoder is indicated generally by the reference numeral 1900.
The method 1900 includes a start block 1905 that passes control to a loop limit block
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1910. The loop limit block 1910 begins a-loop i over each macroblock of a current
picture (field or frame) or p'ortion of a picture, from 0 to num_MBs_minus1, and
passes control to a function block 1915. The function block 1915 sets mode_a =
f(mode_neighbor_1, mode_neighbor;Z, mode_neighbor_n), and passes control
to a loop limit block 1920. The loop limit block 1920 begins a loop j over each intra
mode, from 1 to num_lntra_Mddes, and passes control to a decision block 1925.
The decision block 1925 determines whether or notj e ¢(mode_a). If so, then
control is passed to'a function block 1930. Otherwise, control is passed to a loop
limit block 1935.

The function block 1930 calculates a prediction and a sum of absolute
difference (SAD) for the neighboring area of block i with mode j, and passes control
to.the loop limit block 1935. _

The loop limit block 1935 ends the loop j, and passes control to a function
block 1940. The function block 1940 sets mode_b = mode j with the least SAD, and
passes control to a function block 1945. The function block 1945 sets mode
predictor mode_p = ¢(mode_b_, mode_neighboring_1, ..., mode_neighbor_n), and
passes control to a funétion block 1950. The function block 1950 decodes mode_rd
based on mode_p, and passes control to a function block 1955. The function block
1955 decodes the current block using mode_rd, and passes control to a loop limit
block 1960. The loop limit block 1960 ends the loop i, and passes control to an end
block.1999.

In a fifth embodiment, we use the implicit modes for some of the blocks and
the explicit modes for the other blocks. This implicit-explicit combination of modes
provides the best choice in the rate-distortion (RD) sense for all the explicit blocks,
which are satisfactory anchors for the implicit blocks. Meanwhile, side information
does not have to be sent for “implicit blocks”, as is done for “explicit blocks”,
however the “implicit blocks” use the “explicit blocks” as a good reference(s) to
derive the most probable mode. Using this combination of blocks, the benefits of
implicit and explicit éignaling can be obtained.

The enabling or disabling of the present principles can be signaled in high
level syntax. As noted above, a high level syntax includes, but is not limited to,
syntax at the slice header level, Supplemental Enhancement Information (SEI) level,
Picture Parameter Set (PPS) level, Sequence Parameter Set (SPS) level and
Network Abstraction Layer (NAL) unit header level.



10

15

20

25

30

WO 2010/090749 PCT/US2010/000321
23

A description will now be given of some of the many attendant
advantages/features of the present invention, some of which have been mentioned
above. For example, one advantage/feature is an apparatus having an encoder for
encoding picture data for at least a portion of a picture. The encoder derives an intra
mode to apply to the portion from neighboring template data and abstains from
explicitly signaling the intra mode for the portion. The neighboring template data
corresponds to a neighboring template formed from neighboring pixels with respect
to the portion. ‘

Another advantage/feature is the apparatus having the encoder as described
above, wherein the intra mode for the portion is implicitly derived using the
neighboring template data to test a subset of a set of available intra modes, and a
partiéular intra mode within the subset is selected as the intra mode for the portion
based upon a least distortion measure.

Yet another advantage/feature is the apparatus having the encoder wherein
the intra mode for the portion is implicitly derived using the neighboring template
data to test a subset of a set of available intra modes, and a particular intra mode
within the subset is selected as the intra mode for the portion based upon a least
distortion measure as described above, wherein the least distortion measure is
determined based 'upon' a sum of absolute difference or a mean square error.

Still another advantage/feature is the apparatus having the encoder wherein '
the intra mode for the portion is implicitly derived using the neighboring template
data to test a subset of a set of available intra modes, and a particular intra mode
within the subset is selected as the intra mode for the portion based upon a least
distortion measure as described above, wherein the subset is determined based
upon a function of intra .modesused for neighboring blocks.

Moreover, another advantage/feature is the apparatus having the encoder
wherein the intra mode for the portion is implicitly derived using the néighboring
template data to test a subset of a set of available intra modes, and a particular intra
mode within the subset is selected as the intra mode for the portion based upon a
least distortion measure as described above, wherein the intra mode for the portion
is further implicitly derived as a function of intra modes for the neighboring blocks
and a best mode for the neighboring template.

Further, another advantage/feature is the apparatus having the encoder
wherein the intra mode for the portion is further implicitly derived as a function of
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intra modes for the neighboring blocks and a best mode for the neighboring template
as described above, wherein the best mode for the neighboring tei‘nplate is
determined by testing several or all intra modes used for the neighboring template,
and selecting a given intra mode that provides a least distortion measure, from
among the several or all intra modes used for the neighboring template, as the best .
mode for the neighboring template.

Also, another advahtage/feature is the apparatus having the encoder wherein
the intra mode for the portion is further implicitly derived as a function of intra modes
for the neighboring blocks and a best mode for the neighboring template as
described above, wherein the function is a median function. A

Additionally, another adVantage/feature is the apparatus having the encoder
as described above, wherein an implicit intra mode derivation is performed for a
subset of blocks in a picture, while an explicit intra mode signalihg is performed for
the ofher blocks in the picture, the subset of blocks being the portion.

These and other features and advantages of the present principles may be
readily ascertained by one of ordinary skill in the pertinent art based on the
teachings herein. Itis to be understood that the teachings of the present principles
may be implemented in various forms of hardware, software, firmware, special
purpose processors, or combinations thereof. _

Most preferably, the teachings of the present principles are implemented as a
combination of hardware and software. Moreover, the software may be
implemented as an appiication program tang'ibly embodied on a program storage
unit. The application program may be uploaded to, and executed by, a machine
comprising any suitable architecture. Preferably, the machine is implemented on a
computer platform having hardware such as one or more central processing units
("CPU"), a random access memory: (“RAM”‘), and input/output (“I/O") interfaces. The
computer platform may also include an operating system and microinstruction code.
The various processes and functions described herein may be either part of the
microinstruction code or part of the application program, or any combination thereof,
which may be executed by a CPU. In addition, various other peripheral units may be
connected to the computer platform such as an additional data storage unit and a
printing unit. o

It is to be further'understood that, because some of the constituent system
components and methods depicted in the accompanying drawings are preferably
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implemented in softWare, the actual connections between the system components or
the process function blocks may differ dépending upon the manner in which the
present principles are programmed. Given-the teachings herein, one of ordinary skill
in the pertinent art will be able to contemplate these and similar implementations or
configurations of the present principles.

Although the illustrative embodiments have been described herein with
reference to the accompanying drawings, it is to be understood that the present
principles is not limited to those precise embodiments, and that various changes and -
modifications may be effected therein by one of ordinary skill in the pertinent art
without departing from the scope or spirit of the present principles. All such changes
and modifications are intended to be included within the scope of the present
principles as set forth in the appended claims.
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CLAIMS:

1. An apparatus, comprising:

an encoder (600) for encoding picture data for at least a portion of a picture,
wherein said encoder derives an intra mode to apply to the portion from neighboring
template data and abstains from explicitly signaling the intra mode for the portion,
the neighboring template data corresponding to a neighboring template formed from
neighboring pixels with respect to the portion.

2. The apparatus of claim 1, wherein the intra mode for the portion is
implicitly derived using the neighboring template data to test a subset of a set of
available intra modes, and a particular intra mode within the subset is selected as
the intra mode for the portion based upon a least distortion measure.

3. The appafatus of claim 2, wherein the least distortion measure is
determined based upon a sum of absolute difference or a mean square error.

4, The apparatus of claim 2, wherein the subset is determined based
upon a function of intra modes used for neighboring blocks.

5. The apparatus of claim 2, wherein the intra mode for the portion is
further implicitly derived as a function of intra modes. for the neighboring blocks and
a best mode for the neighboring template. .

6. The apparatus of claim 5, wherein the best mode for the neighboring
template is determined by testing several or all intra modes used for the neighboring
template, and selecting a given intra mode providing a least distortion measure, from
among the several or all intra modes used for the neighboring template, as the best
mode for the neighboring template. '

7. The apparatus of claim 5, wherein the function is a median function.
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8. The apparatus of claim 1, wherein an implicit intra mode derivation is
performed for a subset of blocks in a picture, while an explicit intra mode signaling is
performed for the other blocks in the picture, the subset of blocks being the portion.

9. In a video encoder, a method, comprising:

encoding picture data for at least a portion of a picture by deriving an intra
mode to apply to the portion from neighboring template data (1220 1230, 1415,
1425, 1430, 1440, 1620, 1630, 1635); and

abstaining from explicitly signaling the intra mode for the portion,

wherein the neighboring template data corresponds to a neighboring template
formed from neighboring pixels with respect to the portion.

10.  The method of claim 9, wherein the intra mode for the portion is
implicitly derived using the neighboring template data to test a subset of a set of
available intra modes, and a particular intra mode within the subset is selected as
the intra mode for the portion based upon a least distortion measure (1220, 1230,
1430, 1440, 1620, 1630, 1830, 1840).

11. The method of claim 10, wherein the least distortion measure is
determined based upon a sum of absolute difference or a mean square error.

12, The method of claim 10, wherein the subset is determined based upon
a function of intra modes used for neighboring blocks (1415, 1425, 1815, 1825).

13.  The method of claim 10, wherein the intra mode for the portion is
further implicitly derived as a function of intra modes for the neighboring blocks and
a best mode for the neighboring template (1635).

14. The method of claim 13, wherein the best mode for the neighboring
template is determined by testing several or all intra modes used for the neighboring
template, and selecting a given intra mode providing a least distortion measure, from
among the several or all intra modes used for the neighboring template, as the best
mode for the neighboring template (1620, 1630).
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15. The method of claim 13, wherein the function is a median function
(1635, 1845).

16.  The method of claim 9, wherein an implicit intra mode derivation is
performed for a subset of blocks in a picture, while an explicit intra mode signaling is
performed for the other blocks in the picture (1815, 1825, 1830, 1840, 1845, 1855),
the subset of blocks being the portion.

17.  An apparatus, comprising:

a decoder (700) for decoding picture data for at least a portion of a picture,
wherein said decoder derives an intra mode to apply to the portion from neighboring
template data in an absence of receiving any explicit signaling of the intra mode for
the portion, the neighboring template data corrésponding to-a neighboring template
formed from neighb'oring pixels with respect to the portion.

18.  The apparatus of claim 17, wherein the intra mode for the portion is
implicitly derived using the neighboring template data to test a subset of a set of
available intra modes, and a particular intra mode within the subset is selected as
the intra mode for the portion based upon a least distortion measure.

19.  The apparatus of claim 18, wherein the least distortion measure is
determined based upon a sum of absolute difference or a mean square error.

20.  The apparatus of claim 18, wherein the subset is determined based
upon a function of intra modes used for neighboring blocks.

21.  The apparatus of claim. 18, wherein the intra mode for the portion is
further implicitly derived as a function of intra modes for the neighboring blocks and
a best mode for the neighboring template.
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22.  The apparatus of claim 21, wherein the best mode for the neighboring
template is determined by testing several or all intra modes used for the neighboring
template, and selecting a given intra mode providing a least distortion measure, from
among the several or all intra modes used for the neighboring template, as the best
mode for the neighboring tefnplate.

23.  The apparatus of claim 21, wherein the function is a median function.

24.  The apparatus of claim 17, wherein an implicit intra mode derivation is
performed for a subset of blocks in a picture, while an explicit intra mode derivation
is performed for the other blocks in the picture, the subset of blocks being the
portion.

25.  Ina video decoder, a method, comprising:

decoding picture data for at least a portion of a picture by deriving an intra
mode to apply to the portion from neighboring template data in an absence of
receiving any explicit signaling of the intra mode for the portion,

wherein the neighboring template data corresponds to a neighboring template
formed from neighboring pixels with respect to the portion (1320, 1330, 1515, 1525,
1630, 1540, 1720, 1730, 1735). |

26. The method 6f claim 25, wherein the intra mode for the portion is
implicitly derived using the neighboring template data to test a subset of a set of
available intra modes, and a particular intra mode within the subset is selected as
the intra mode for the portion based upon a least distortion measure (1320, 1330,
1630, 1540, 1720, 1730, 1930, 1940).

27.  The method of claim 26, wherein the least distortion measure is
determined based upon a sum of absolute difference or a mean square error.

28.  The method of claim 26, wherein the subset is determined based upon
a function of intra modes used for neighboring blocks (1515, 1525, 1915, 1925).
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29.  The method of claim 26, wherein the intra mode for the portion is
further implicitly derived as a function of intra modes for the neighboring blocks and
a best mode for the neighboring template (1735).

30.  The method of claim 29, wherein the best mode for the neighboring
template is determined by testing several or all intra modes used for the neighboring
template, and selecting a given intra mode providing a least distortion measure, from
among the several or all intra modes used for the neighboring template, as the best
mode for the neighboring template (1720, 1730).

31.  The method of claim 29, wherein the function is a median function
(1735, 1945).

32.  The method of claim 25, wherein an implicit intra mode derivation is
performed for a subset of blocks in a picture, while an explicit intra mode derivation
is performed for the other blocks in the picture, the subset of blocks being the portion
(1915, 1925, 1930, 1940, 1945, 1950, 1955).

- 33. A computer readable storage media having video signal data encoded

thereupon, comprising:-
encoded picture data for at least a portion of a picture, the picture data

encoded by deriving an intra mode to apply to the portion from neighboring template
data, wherein the neighboring template data corresponds to a neighboring template
formed from neighboring pixels with respect to the portion, and the encoded picture
data is arranged to enable a determination of the intra mode for the portion by a
corresponding decoder without any explicitly signaling of the intra mode for the
portion to the decoder.
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