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METHOD AND APPARATUS FOR MACROBLOCK ADAPTIVE

INTER-LAYER INTRA TEXTURE PREDICTION

CROSS-REFERENCE TO RELATED APPLICATIONS

This application claims the benefit of U.S. Provisional Application Serial No.

60/698,140, filed July 11, 2005 and entitled "MACROBLOCK ADAPTIVE INTER-

LAYER INTRA TEXTURE PREDICTION," which is incorporated by reference herein

in its entirety.

FIELD OF THE INVENTION

The present invention relates generally to video encoders and decoders and,

more particularly, to methods and apparatus for macroblock adaptive inter-layer intra

texture prediction.

BACKGROUND OF THE INVENTION

Many different methods of scalability have been widely studied and

standardized, including signal-to-noise ratio (SNR) scalability, spatial scalability,

temporal scalability, and fine grain scalability, in scalability profiles of, e.g., the

International Organization for Standardization/International Electrotechnical

Commission (ISO/IEC) Moving Picture Experts Group-2 (MPEG-2) standard, and the

ISO/IEC MPEG-4 Part 10/lnternational Telecommunication Union,

Telecommunication Sector (ITU-T) H.264 standard (hereinafter the "H.264

standard"). Most scalable video coding schemes achieve scalability at the cost of

coding efficiency. It is thus desirable to improve coding efficiency while, at most,

adding minor complexity. Most widely used techniques for spatial scalability and

SNR scalability are inter-layer prediction techniques, including inter-layer intra

texture prediction, inter-layer motion prediction and inter-layer residue prediction.

For spatial and SNR scalability, a large degree of inter-layer prediction is

incorporated. Intra and inter macroblocks can be predicted using the corresponding

signals of previous layers. Moreover, the motion description of each layer can be

used for a prediction of the motion description for the following enhancement layers.

These techniques fall into three categories: ihter-layer intra texture prediction, inter-

layer motion prediction, and inter-layer residue prediction.



In JSVM2.0, intra texture prediction using information from the previous layer

is provided in the INTRA_BL macroblock mode, where the enhancement layer

residue (the difference between the current macroblock (MB) and the (upsampled)

base layer) is transformed and quantized. INTRA_BI_ mode is very efficient when

the enhancement layer residue does not include too much edge information.

The following three possible configurations can be applied for the INTRA_BL

macroblock mode: unrestricted inter-layer intra texture prediction; constrained inter-

layer intra texture prediction; and constrained inter-layer texture prediction for single

loop decoding.

Regarding the unrestricted inter-layer intra texture prediction configuration,

the inter-layer intra texture prediction can be applied to any block without restrictions

on the layer from which predictions are made. In this configuration, the decoder has

to decode all lower spatial resolutions that are provided in the bitstream for the

reconstruction of the target resolution.

Regarding the constrained inter-layer intra texture prediction configuration,

the inter-layer intra texture prediction can be applied to macroblocks for which the

corresponding blocks of the base layer are located inside intra-coded macroblocks.

With this mode, the inverse MCTF is only required for the spatial layer that is

actually decoded. For key pictures, multiple decoding loops are required.

Regarding the constrained inter-layer intra texture prediction configuration for

single-loop decoding, the inter-layer intra texture prediction can be applied to

macroblocks for which the corresponding blocks of the base layer are located inside

intra-coded macroblocks for the MCTF as well as for key pictures. In this

configuration, only a single decoding loop at the target spatial resolution is required.

SUMMARY OF THE INVENTION

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

by the present invention, which is directed to methods and apparatus for macroblock

adaptive inter-layer intra texture prediction.

According to an aspect of the present invention, there is provided a scalable

video encoder. The scalable video encoder includes an encoder for selectively

using spatial intra prediction to code, on a macroblock adaptive basis, an



enhancement layer residue generated between an enhancement layer macroblock

and a corresponding upsampled base layer macroblock.

According to another aspect of the present invention, there is provided a

method for scalable video encoding. The method includes selectively using spatial

intra prediction to code, on a macroblock adaptive basis, an enhancement layer"

residue generated between an enhancement layer macroblock and a corresponding

upsampled base layer macroblock.

According to yet another aspect of the present invention, there is provided a

scalable video encoder. The scalable video encoder includes an encoder for coding

an enhancement layer using both a spatial neighboring intra prediction mode in the

enhancement layer and an upsampled corresponding base layer prediction mode.

According to still another aspect of the present invention, there is provided a

method-for-scalable video encoding. The method includes coding an enhancement

layer using both a spatial neighboring intra prediction mode in the enhancement

layer and an upsampled corresponding base layer prediction mode.

According to a further aspect of the present invention, there is provided a

scalable video decoder. The scalable video decoder includes a decoder for

selectively using spatial intra prediction to decode, on a macroblock adaptive basis,

an enhancement layer residue generated between an enhancement layer

macroblock and a corresponding upsampled base layer macroblock.

According to an additional aspect of the present invention, there is provided a

method for scalable video decoding. The method includes selectively using spatial

intra prediction to decode, on a macroblock adaptive basis, an enhancement layer

residue generated between an enhancement layer macroblock and a corresponding

upsampled base layer macroblock.

According to a further additional aspect of the present invention, there is

provided a scalable video decoder. The scalable video decoder includes a decoder

for decoding an enhancement layer using both a spatial neighboring intra prediction

mode in the enhancement layer and an upsampled corresponding base layer

prediction mode.

According to a yet further aspect of the present invention, there is provided a

method for scalable video decoding. The method includes decoding an



enhancement layer using both a spatial neighboring intra prediction mode in the

enhancement layer and an upsampled corresponding base layer prediction mode.

These and other aspects, features and advantages of the present invention 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 invention may be better understood in accordance with the

following exemplary figures, in which:

FIG. 1 shows a block diagram for an exemplary Joint Scalable Video Model

(JSVM) 2.0 encoder to which the present principles may be applied;

FIG. 2 shows a block diagram for an exemplary decoder to which the present

—principles-mayibe-applied; . . ......— ._ _____ ___.—

FIG. 3 shows a flow diagram for an encoding process for INTRA_BL to which

the present principles may be applied;

FIG. 4 shows a flow diagram for a decoding process for INTRA_BL to which

the present principles may be applied;

FIG. 5 shows a flow diagram for an encoding process for INTRA_BLS to

which the present principles may be applied;

FIG. 6 shows a flow diagram for a decoding process for INTRA_BLS to which

the present principles may be applied;

FIG. 7 shows a flow diagram for an exemplary encoding process for

macroblock adaptive selection of INTRA BL and INTRA_BLS modes in accordance

with the present principles; and

FIG. 8 shows a flow diagram for an exemplary decoding process for

macroblock adaptive selection of INTRA_BL and INTRA BLS mode in accordance

with the present principles.

DETAILED DESCRIPTION

The present invention is directed to methods and apparatus for macroblock

adaptive inter-layer intra texture prediction.

In most scalable video coding schemes, a large degree of inter-layer

prediction is incorporated for spatial and SNR scalability. The inter-layer prediction



includes inter-layer intra texture prediction, inter-layer motion prediction and inter-

layer residue prediction. In accordance with the present principles, a novel inter-

layer intra texture prediction is provided. Moreover, in accordance with an

exemplary. embodiment thereof, the present principles may be combined with an

existed approach in a macroblock-adaptive way to achieve further coding efficiency.

The present description illustrates the principles of the present .invention. 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

principles of the invention and are included within its spirit and scope.

All examples and conditional language recited herein are intended for

pedagogical purposes to aid the reader in understanding the principles of the

invention and the concepts contributed by the inventor 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 invention, 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 principles of the invention. Similarly, it will be appreciated that any

flow charts, flow diagrams, state transition diagrams, pseudocode, and the like

represent various processes which may be substantially represented in computer

readable media and so executed by a computer or processor, whether or not such

computer or processor is explicitly shown.

The functions 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 custom, 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, a) 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 invention as defined by such claims resides 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. It is thus regarded that any means

that can provide those functionalities are equivalent to those shown herein.

In accordance with the present principles, method and apparatus are

provided for inter-layer intra texture prediction. In accordance with an exemplary

embodiment, inter-layer intra texture prediction is improved by also allowing spatial

intra prediction of the enhancement layer residue using the method specified in sub-

clause 8.3 of the H.264 standard (the relevant method specified in sub-clause 8.3 is

also referred to herein as INTRAJ3LS) for the spatial intra prediction of the

enhancement layer residue.

One reason for the use of INTRA_BLS is that for spatial scalability, the

enhancement layer residue in general includes a lot of high frequency components,

such as edges. Spatial intra prediction should help to maintain more details,

especially at higher bitrates. However, the approach of the present principles may

involve coding more syntax bits than INTRA_BL, such as, e.g., mb_type, intra

prediction modes (PredMode) or cbp pattern if INTRA16x16 is selected. To combine

the advantage of both INTRA_BL and INTRA_BLS, a macroblock adaptive approach



to select INTRA_BL or INTRA_BLS is proposed in accordance with the present

principles. To reduce the overhead of spatial intra prediction, an approach is also

provided herein to simplify the syntax by jointly considering the (upsampled) base

layer intra prediction mode and most probable mode from spatial neighbors in the

enhancement layer.

For INTRA_BL mode, at the decoder side, the inter-layer residue after inverse

quantization and inverse transformation is added directly to the (upsampled)

reconstructed base layer to form the reconstructed enhancement layer macroblock.

For INTRA_BLS mode, at the decoder side, the neighboring macroblock residuals

from the (upsampled) reconstructed base layer are adjusted by adding 128 and

clipping to (0, 255), and then used for spatial intra prediction for the current

macroblock as specified in εubclause 8.3 of the H.264 standard. The received

— PΘsidue-aft&r4nv.erse-quantization--and-inv-er-se_tr-ansfor-ma-tLonJsjthen added to the

spatial intra prediction. A subtraction of 128 and clipping to (-256, 255) is then

performed. The inter-layer intra predicted residue is then combined with the

(upsampled) reconstructed base layer to form the reconstructed enhancement layer

macroblock.

To enable macroblock adaptive selection of INTRA_BL mode and

INTRA_BLS mode, a flag, referred to herein as intra_bls_flag, is utilized to signal

which mode is used for each macroblock. In the H.264 standard, for scalable video

coding, if the constraint is imposed to allow INTRA_BLS mode only when the

corresponding base layer macroblock is coded as intra, the existing syntax may be

utilized. In such a case, the base_mode_flag is used to specify if the mb_type for

the current macroblock can be inferred from the corresponding base macroblock.

The intra_base_flag is used to specify if INTRA_BL mode is used. When the

corresponding base layer macroblock is coded as intra, then the base_mode_flag

being equal to 1 can be used to infer that intra_base_flag is equal to 1, which means

that only base_mode_flag equal to 1 may be coded. To signal INTRA_BLS mode,

base_mode_flag may be set to 0 and intra_base_flag may be set to 1.

Turning to FIG. 1, an exemplary Joint Scalable Video Model Version 2.0

(hereinafter "JSVM2.0") encoder to which the present invention may be applied is

indicated generally by the reference numeral 100. The JSVM2.0 encoder 100 uses

three spatial layers and motion compensated temporal filtering. The JSVM encoder
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100 includes a two-dimensional (2D) decimator 104, a 2D decimator 106, and a

motion compensated temporal filtering (MCTF) module 108, each having an input for

receiving video signal data 102. ,

An output of the 2D decimator 106 is connected in signal communication with

an input of a MCTF module 110. A first output.of the MCTF module 110 is

connected in signal communication with an input of a motion coder 112, and a

second output of the MCTF module 110 is connected in signal communication with

an input of a prediction module 116. A first output of the motion coder 112 is

connected in signal communication with a first input of a multiplexer 114. A second

output of the motion coder 112 is connected in signal communication with a first

input of a motion coder 124. A first output of the prediction module 116 is connected

in signal communication with an input of a spatial transformer 118. An output of the

—r-spatial-tr-ansfQr-mer-1-1-84s-connected-in-signal-communication_with-a-second input of

the multiplexer 114. A second output of the prediction module 116 is connected in

signal communication with an input of an interpolator 120. An output of the

interpolator is connected in signal communication with a first input of a prediction

module 122. A first output of the prediction module 122 is connected in signal

communication with an input of a spatial transformer 126. An output of the spatial

transformer 126 is connected in signal communication with the second input of the

multiplexer 114. A second output of the prediction module 122 is connected in

signal communication with an input of an interpolator 130. An output of the

interpolator 130 is connected in signal communication with a first input of a

prediction module 134. An output of the prediction module 134 is connected in

signal communication with a spatial transformer 136. An output of the spatial

transformer is connected in signal communication with the second input of a

multiplexer 114.

An output of the 2D decimator 104 is connected in signal communication with

an input of a MCTF module 128. A first output of the MCTF module 128 is

connected in signal communication with a second input of the motion coder 124. A

first output of the motion coder 124 is connected in signal communication with the

first input of the multiplexer 114. A second output of the motion coder 124 is

connected in signal communication with a first input of a motion coder 132. A



second output of the MCTF module 128 is connected in signal communication with a

second input of the prediction module 122.

A first output of the MCTF module 108 is connected in signal communication

with a second input of the motion coder 132. An output of the motion coder 132 is

connected in signal communication with the first input of the multiplexer 114. A

second output of the MCTF module 108 is connected in signal communication with a

second input of the prediction module 134. An output of the multiplexer 114

provides an output bitstream 138. \

For each spatial layer, a motion compensated temporal decomposition is

performed. This decomposition provides temporal scalability. Motion information

from lower spatial layers can be used for prediction of motion on the higher layers.

For texture encoding, spatial prediction between successive spatial layers can be

applied-tQ-remove-r-edundancy.—T-he-r-esidual-signaUresulting-from intra prediction or

motion compensated inter prediction is transform coded. A quality base layer

residual provides minimum reconstruction quality at each spatial layer. This quality

base layer can be encoded into an H.264 standard compliant stream if no inter-layer

prediction is applied. For quality scalability, quality enhancement layers are

additionally encoded. These enhancement layers can be chosen to either provide

coarse or fine grain quality (SNR) scalability.

Turning to FIG. 2, an exemplary scalable video decoder to which the present

invention may be applied is indicated generally by the reference numeral 200. An

input of a demultiplexer 202 is available as an input to the scalable video decoder

200, for receiving a scalable bitstream. A first output of the demultiplexer 202 is

connected in signal communication with an input of a spatial inverse transform SNR

scalable entropy decoder 204. A first output of the spatial inverse transform SNR

scalable entropy decoder 204 is connected in signal communication with a first input

of a prediction module 206. An output of the prediction module 206 is connected in

signal communication with a first input of an inverse MCTF module 208.

A second output of the spatial inverse transform SNR scalable entropy

decoder 204 is connected in signal communication with a first input of a motion

vector (MV) decoder 2 10 . An output of the MV decoder 2 10 is connected in signal

communication with a second input of the inverse MCTF module 208.
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A second output of the demultiplexer 202 is connected in signal

communication with an input of a spatial inverse transform SNR scalable entropy

decoder 212. A first output of the spatial inverse 'transform SNR scalable entropy

decoder 212 is connected in signal communication with a first input of a prediction

module 214. A first output of the prediction module 214 is connected in signal

communication with an input of an interpolation module 216. An output of the

interpolation module 2 16 is connected in signal communication with a second input

of the prediction module 206. A second output of the prediction module 214 is

connected in signal communication with a first input of an inverse MCTF module

218.

A second output of the spatial inverse transform SNR scalable entropy

decoder 212 is connected in signal communication with a first input of an MV

-d-eeeder-220—A-first-output-Θf4he-M-V-deΘθ der-2-20-is-GonRected in signal—- - -

communication with a second input of the MV decoder 210. A second output of the

MV decoder 220 is connected in signal communication with a second input of the

inverse MCTF module 218.

A third output of the demultiplexer 202 is connected in signal communication

with an input of a spatial inverse transform SNR scalable entropy decoder 222. A

first output of the spatial inverse transform SNR scalable entropy decoder 222 is

connected in signal communication with an input of a prediction module 224. A first

output of the prediction module 224 is connected in signal communication with an

input of an interpolation module 226. An output of the interpolation module 226 is

connected in signal communication with a second input of the prediction module

214.

A second output of the prediction module 224 is connected in signal

communication with a first input of an inverse MCTF module 228. A second output

of the spatial inverse transform SNR scalable entropy decoder 222 is connected in

signal communication with an input of an MV decoder 230. A first output of the MV

decoder 230 is connected in signal communication with a second input of the MV

decoder 220. A second output of the MV decoder 230 is connected in signal

communication with a second input of the inverse MCTF module 228.

An output of the inverse MCTF module 228 is available as an output of the

decoder 200, for outputting a layer 0 signal. An output of the inverse MCTF module



218 is available as an output of the decoder 200, for outputting a layer 1 signal. An

output of the inverse MCTF module 208 is available as an output of the decoder

200, for outputting a layer 2 signal.

TABLE 1 illustrates how the syntax for INTRA_BL mode and INTRAlBLS

mode is interpreted when the corresponding base layer mode is intra. If the

corresponding base layer mode is not intra, INTRA_BL is indicated by,

ba,se_mode_flag=0 and intra_base_flag=1 , and INTRA_BLS is not allowed.

i
TABLE 1

base mode flap intra base flag
INTRA BL 1 1 (inferred)

INTRA BLS 0 1

IXiirningJp FlG. 3 , an encoding process for INTRA_BL to which the present

principles may be applied is indicated by the reference numeral 300. It is to.be

appreciated that the encoding process 300 for INTRA_BL has been modified to add

a syntax field in a macroblock header, as described with respect to function block

317.

A start block 305 passes control to a function block 310. The function block

310 upsamples the corresponding base layer macroblock, and passes control to a

function block 315. The function block 315 computes the residue between the

current macroblock in the enhancement layer and a corresponding upsampled base

layer macroblock, and passes control to a function block 317. The function block

317 writes the syntax "intra_bls_flag" at the macroblock level, and passes control to

a function block 320. The function block 320 transforms and quantizes the residue,

and passes control to a function block 325. The function block 325 entropy codes

the transformed and quantized residue to form a coded bitstream, and passes

control to an end block 330.

Turning to FIG. 4 , a decoding process for INTRA_BL to which the present

principles may be applied is indicated by the reference numeral 400. It is to be

appreciated that the decoding process 400 for INTRAJ3L has been modified to read

a syntax field in a macroblock header, as described with respect to function block

412.
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A start block 405 passes control to a function block 410 and a function block

415. The function block 410 entropy decodes a coded bitstream to provide an

uncompressed bitstream, and passes control to a function block 412. The function

block 412 reads the syntax "intra_bls_flag" at the macroblock level, and passes

control to a function block 420. The function block 420 inverse transforms and

inverse quantizes the uncompressed bitstream to provide a decoded residue, and

passes control to a function block 425. The function block 415 upsamples a

corresponding base layer macroblock, and passes control to the function lock 425.

The function block 425 combines the decoded residue and the upsampled

corresponding base layer macroblock, and passes control to a function block 430.

The function block 430 reconstructs the corresponding macroblock in the

enhancement layer, and passes control to an end block 435.

Turning to FIG. 5, an encoding process for INTRAJ3LS to which the present

principles may be applied is indicated by the reference numeral 500.

A start block 505 passes control to a function block 510. The function block

510 upsamples the corresponding base layer macroblock and the neighbors of the

corresponding base layer macroblock, and passes control to a function block 515.

The function block 515 computes the residue between the current macroblock and a

spatial neighbor of the current macroblock in the enhancement layer and

corresponding upsampled base layer macroblock, then adds 128, clips to {0, 255},

and passes control to a function block 520. The function block 520 applies spatial

intra prediction from spatial neighbors of the current macroblock, and passes control

to a function block 525. The function block 525 computes the residue after spatial

intra prediction, and passes control to a function block 530. The function block 530

transforms and quantizes the residue, and passes control to a function block 535.

The function block 535 entropy codes the transformed and quantize residue to form

a coded bitstream, and passes control to an end block 540.

Turning to FIG. 6, a decoding process for INTRA_BLS to which the present

principles may be applied is indicated by the reference numeral 600.

A start block 605 passes control to a function block 610 and a function block

635. The function block 610 upsamples the corresponding base layer macroblock

and neighbors of the corresponding base layer macroblock, and passes control to a

function block 615. The function block 615 computes the residue between spatial



neighbors of the current macroblock in the enhancement layer and the

corresponding upsampled base layer macroblock, then adds 128, clips to {-256,

255}, and passes control to a function block 62CL The function block 620 applies

spatial intra prediction from spatial neighbors of the current macroblock, and passes

control to a function block 625.

The function block 635 entropy decodes the coded bitstream to provide an

uncompressed bitstream, and passes control to a function block 640. The function

block 640 inverse transforms and inverse quantizes the uncompressed bitstream to

provide a decoded prediction residue, and passes control to the function block 625.

The function block 625 combines the decoded prediction residue with the

spatial intra prediction from the spatial neighbors of the current macroblock to

provide a sum, and passes control to a function block 630. The function block 630

subtracts 128 from the sum to obtain a difference, clips the difference to {-256, 256},

and adds the clipped difference to the corresponding upsampled base layer

macroblock, passes control to an end block 635.

Turning to FIG. 7, an exemplary encoding process for macroblock adaptive

selection of INTRA_BL and INTRAJ3LS modes is indicated by the reference

numeral 700.

A start block 705 passes control to a function block 710, a function block 715,

and a function block 720. The function blocks 710, 720, and 730 test INTRA_BL,

INTRA_BLS, and other prediction modes, respectively, and pass control to a

function block 725. The function block 725 selects the best prediction mode from

among the INTRA_BL, INTRA BLS, and the other prediction modes, and passes

control to an end block 730.

Turning to FIG. 8, an exemplary decoding process for macroblock adaptive

selection of INTRA_BI_ and INTRA_BLS modes is indicated by the reference

numeral 800.

A start block 805 passes control to a decision block 810. The decision block

810 determines whether or not a current macroblock was encoded using INTRA_BL

mode. If not, then control is passed to a decision block 815. Otherwise, control is

passed to a function block 830.



The decision block 815 determines whether or not the current macroblock

was encoded using INTRA_BLS mode. If not, then control is passed to a function

block 820. Otherwise, control is passed to a function block 835.

The .function block 830 decodes the current macroblock using INTRA_BL

mode, and passes control to a function block 825.

The function block 835 decodes the current macroblock using INTRAJ3LS

mode, and passes control to the function block 825.

The function block 820 decodes the current macroblock using another

prediction mode (other than INTRA _BL or INTRA _BLS), and passes control to the

function block 825.

.. The function block 825 outputs the decoded current macroblock, and passes

control to an end block 840.

-Trable--2-indiGates4he-sy-ntax-used-to-specify-the-intra^4-x4-.prediction of the

4x4 luma block with index luma4x4Blkldx=0.. 15.

TABLE 2

lntra4x4PredMode[ luma4x4Blkldx ] is derived by applying the following

procedure, where A and B are left and upper neighbor of the 4x4 luma block:

predlntra4x4PredMode = Min( intraMxMPredModeA, intraMxMPredModeB )
if( prev_intra4x4_pred_mode_flag[ luma4x4Blkldx ] )

lntra4x4PredMode[ luma4x4Blkldx ] = predlntra4x4PredMode
else

if( rem_intra4x4_pred_mode[ luma4x4Blkldx ] < predlntra4x4PredMode )
lntra4x4PredMode[ luma4x4Blkldx ] = rem_intra4x4_pred__mode[

luma4x4Blkldx ]
else

lntra4x4PredMode[ luma4x4Blkldx ] = rem_intra4x4_pred_mode[
luma4x4Blkldx ] + 1



In the H.264 standard, the PredMode of spatial neighboring block is used to

reduce the overhead to code the intra4x4 prediction. In an embodiment relating to a

scalable video coding scheme for the enhancement layer, if corresponding base

layer macroblock is coded as intra, it is proposed to encode intra4x4 PredMode

based on both the upsampled base layer intra4,x4 PredMode and its spatial

neighboring block PredMode in the enhancement layer, as show in Equation 1,

where F is an arbitrary function.

lntra4x4PredMode F ( intraMxMPredModeA, intraMxMPredModeB ,

intraMxMPredModeBase) ( 1 )

Table 3 indicates syntax satisfying Equation (1) and used to specify the

—intFa4-x4-Rr-edMode-based-on-both4he-upsampled-base-layer-i.ntra4x4-EredMode and

its spatial neighboring block PredMode in the enhancement layer when the

corresponding base layer macroblock is coded as intra.

TABLE 3

lntra4x4PredMode[ luma4x4Blkldx ] is derived by applying the following

procedure:

predlntra4x4PredMode = Min( intraMxMPredModeA, intraMxMPredModeB )
if( prev_intra4x4_pred_mode_flag[ luma4x4Blkldx ] == 1)

lntra4x4PredMode[ luma4x4Blkldx ] = predlntra4x4PredMode
else if( prev_intra4x4_pred_mode_flag[ luma4x4Blkldx ] == 2)

lntra4x4PredMode[ luma4x4Blkldx ] = intraMxMPredModeBase
else

if( rem_intra4x4_pred_mode[ luma4x4Blkldx ] < predlntra4x4PredMode )
lntra4x4PredMode[ luma4x4Blkldx ] =

rem_jntra4x4_pred__mode[Iurna4x4Blkldx ]
else

lntra4x4PredMode[ luma4x4Blkldx ] =



remjntra4x4_pred_mode[luma4x4Blkldx ] + 1

Table 4 indicates syntax satisfying Equation (1) and used to specify the

intra4x4 PredMode. In Table 4, intra4x4PredMode is forced to equal

predlntra4x4PredMode if predlntra4x4PredMode==intraMxMPredModeBase.

TABLE 4

lntra4x4PredMode[ luma4x4Blkldx ] is derived by applying the following

procedure:

predlntra4x4PredMode = Min( intraMxMPredModeA, intraMxMPredModeB )
if (predlntra4x4PredMode == intraMxMPredModeBase)

lntra4x4PredMode[ luma4x4BlkIdx ] = predlntra4x4PredMode
else

if( prev_intra4x4_pred_mode_flag[ luma4x4Blkldx ] == 1)
lntra4x4PredMode[ luma4x4Blkldx ] = predlntra4x4PredMode

else
if( rem_intra4x4_pred_mode[ luma4x4Blkldx ] < predlntra4x4PredMode )

lntra4x4PredMode[ luma4x4Blkldx ] =
rem_intra4x4_pred_mode[luma4x4Blkldx ]

else
lntra4x4PredMode[ luma4x4Blkldx ] =

rem_intra4x4_pred_mode[luma4x4Blkldx ] + 1

It is to be appreciated that while the above description and examples relate to

the use of intra4x4 PredMode, the present principles are not so limited and, thus,

given the teachings of the present principles provided herein, one of ordinary skill in

this and related arts will contemplate this and other modes to which the present

principles may be applied while maintaining the scope of the present invention. For



example, the present principles may also be applied, but is not limited to, intraδxδ

PredMode.

A description will now be given of some of the many attendant

advantages/features of the present invention. For example, one advantage/feature

is a scalable video encoder that includes an encoder for selectively using spatial

intra prediction to code, on a macroblock adaptive basis, an enhancement layer

re$idue generated between an enhancement layer macroblock and a corresponding

upsampled base layer macroblock. Another advantage/feature is the scalable video

encoder as described above, wherein the spatial intra prediction used to code the

enhancement layer residue is compliant with existing spatial intra prediction

techniques. Yet another advantage/feature is the scalable video encoder as

described above, wherein the encoder adds a syntax field in a macroblock header to

indicate which prediction mode is used for the enhancement layer residue.

Moreover, another advantage/feature is the scalable video encoder as described

above, wherein the encoder modifies an existing syntax to provide an inference as to

which prediction mode is used for the enhancement layer residue, when the base

layer prediction mode is intra. Further, another advantage/feature is the scalable

video encoder that modified an existing syntax as described above, wherein the

encoder uses a prediction mode other than the spatial intra prediction to code the

enhancement layer residue, when the base layer prediction mode is constrained to

inter. Also, another advantage/feature is the scalable video encoder as described

above, wherein the encoder determines which prediction mode to use on the

enhancement layer from among different available prediction modes including an

enhancement layer residue without spatial intra prediction mode, an enhancement

layer residue with spatial intra prediction mode, and an enhancement layer pixel with

spatial intra prediction mode. Additionally, another advantage/feature is the scalable

video encoder for determining which prediction mode to use on the enhancement

layer as described above, wherein the encoder determines which prediction mode to

use for the enhancement layer from the different available prediction modes based

on an a posteriori decision criteria, or on past statistics of the different available

prediction modes and properties of the enhancement layer residue and

enhancement layer pixels. Moreover, another advantage/feature is a scalable video

encoder that includes an encoder for coding an enhancement layer using both a



spatial neighboring intra prediction mode in the enhancement layer and an

upsampled corresponding base layer prediction mode. Further, another

advantage/feature is the scalable video encoder as described above, wherein the

encoder adds a flag in a macroblock header without signaling a prediction mode,

when the spatial neighboring intra prediction mode used in the enhancement layer is

the same as the upsampled corresponding base layer prediction mode. Also,

another advantage/feature is the scalable video encoder as described above,

wherein the encoder forces a current intra prediction mode to be the same as the

upsampled corresponding base layer mode without sending corresponding syntax,

when the spatial neighboring intra prediction mode is the same as the upsampled

corresponding base layer prediction mode. Additionally, another advantage/feature

is a scalable video decoder that includes a decoder for selectively using spatial intra

prediction to decode, on a macroblock adaptive basis, an enhancement layer

residue generated between an enhancement layer macroblock and a corresponding

upsampled base layer macroblock. Moreover, another advantage/feature is the

scalable video decoder as described above, wherein the spatial intra prediction used

to decode the enhancement layer residue is compliant with existing spatial intra

prediction techniques. Further, another advantage/feature is the scalable video

decoder as described above, wherein the decoder determines which prediction

mode to use for the enhancement layer residue using a syntax field in a macroblock

header. Also, another advantage/feature is the scalable video decoder as described

above, wherein the decoder evaluates an inference, provided in a modified existing

syntax, as to which prediction mode was used to code the enhancement layer

residue, when the base layer prediction mode is intra. Additionally, another

advantage/feature is the scalable video decoder that modifies an existing syntax as

described above, wherein the decoder uses a prediction mode other than the spatial

intra prediction to decode the enhancement layer residue, when the base layer

prediction mode is constrained to inter. Moreover, another advantage/feature is the

scalable video decoder as described above, wherein the decoder determines a

prediction mode for use on the enhancement layer residue based on parsed syntax,

the prediction mode determined from among any of an enhancement layer residue

without spatial intra prediction mode, an enhancement layer residue with spatial intra

prediction mode, and an enhancement layer pixel with spatial intra prediction mode.



Also, another advantage/feature is a scalable video decoder that includes a decoder

for decoding an enhancement layer using both a spatial neighboring intra prediction

mode in the enhancement layer and an upsampled corresponding base layer

prediction mode. Additionally, another advantage/feature is the scalable video

decoder as described above, wherein the decoder forces a current intra prediction

mode to be the same as the upsampled corresponding base layer mode without

receiving corresponding syntax, when the spatial neighboring intra prediction mode

is the same as the upsampled corresponding base layer prediction mode.\

Moreover, another advantage/feature is the scalable video decoder as described

above, wherein the decoder determines which intra prediction mode to use for the

enhancement layer based on a flag in a macroblock header. Further, another

advantage/feature is the scalable video decoder as described above, wherein the

-deeoder-determiRes-an-intra-prediG-t-ion-mode-fGr-the-enhancement layer to be the

same as the upsampled corresponding base layer mode, when the spatial '

neighboring intra prediction mode is the same as the upsampled corresponding base

layer mode.

These and other features and advantages of the present invention may be

readily ascertained by one of ordinary skill in the pertinent art based on the

teachings herein. It is to be understood that the teachings of the present invention

may be implemented in various forms of hardware, software, firmware, special

purpose processors, or combinations thereof.

Most preferably, the teachings of the present invention are implemented as a

combination of hardware and software. Moreover, the software may be

implemented as an application program tangibly 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.

It is to be further understood that, because some of the constituent system

components and methods depicted in the accompanying drawings are preferably

implemented in software, the actual connections between the system components or

the process function blocks may differ depending upon the manner in which the

present invention is 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 invention.

Although the illustrative embodiments have been described herein with

reference to the accompanying drawings, it is to be understood that the present

invention is not limited to those precise embodiments, and that various changes and

-modifieati Θns-may-be-effeeted-therein-by-ΘRe-Θf-ordinapy-skill-in-the-pertinent art

without departing from the scope or spirit of the present invention. All such changes

and modifications are intended to be included within the scope of the present

invention as set forth in the appended claims.



CLAIMS:

1. A n apparatus comprising an encoder ( 100) for selectively using spatial

intra prediction to code, on a macroblock adaptive basis, an enhancement layer

residue generated between an enhancement layer macroblock and a corresponding

upsampled base layer macroblock.

2. The apparatus of claim 1, wherein the spatial intra prediction used to

code the enhancement layer residue is compliant with spatial intra prediction

techniques of the International Telecommunication Union, Telecommunication

Sector (ITU-T) H.264 standard.

__— 3 — r The-apparatus- θf-Glaim-1-r whe-rein-said-&ncoder-(-t00)-adds a syntax

field in a macroblock header to indicate which prediction mode is used for the

enhancement layer residue.

4 . The apparatus of claim 1, wherein said encoder ( 100) modifies a

syntax of the International Telecommunication Union, Telecommunication Sector

(ITU-T) H.264 standard to provide an inference as to which prediction mode is used

for the enhancement layer residue, when the base layer prediction mode is intra.

5. The apparatus of claim 4 , wherein said encoder (100) uses a

prediction mode other than the spatial intra prediction to code the enhancement

layer residue, when the base layer prediction mode is constrained to inter.

6. The apparatus of claim 1, wherein said encoder ( 100) determines

which prediction mode to use on the enhancement layer from among different

available prediction modes, the different available prediction modes comprising an

enhancement layer residue without spatial intra prediction mode, an enhancement

layer residue with spatial intra prediction mode, and an enhancement layer pixel with

spatial intra prediction mode.



7 . The apparatus of claim 6, wherein said encoder (100) determines

which prediction mode to use for the enhancement layer from the different available

prediction modes based on an a posteriori decision criteria, or on past statistics of

the different available prediction modes and properties of the enhancement layer

residue and enhancement layer pixels.

8. A method for scalable video encoding, comprising selectively using

(710, 7 15, 720) spatial intra prediction to code, on a macroblock adaptive basis, an

enhancement layer residue generated between an enhancement layer macroblock

and a corresponding upsampled base layer macroblock.

9. The method of claim 8, wherein the spatial intra prediction used to

Goder-the-erahancement-layer-residue-is-compliant-with-spatial-intra prediction

techniques of the International Telecommunication Union, Telecommunication

Sector (ITU-T) H.264 standard (900).

10. The method of claim 8, further comprising adding (31 7) a syntax field

in a macroblock header to indicate which prediction mode is used for the

enhancement layer residue.

11. The method of claim 8, further comprising modifying (200) a syntax of

the International Telecommunication Union, Telecommunication Sector (ITU-T)

H.264 standard to provide an inference as to which prediction mode is used for the

enhancement layer residue, when the base layer prediction mode is intra.

12. The method of claim 11, further comprising using (720) a prediction

mode other than the spatial intra prediction to code the enhancement layer residue,

when the base layer prediction mode is constrained to inter.

13. The method of claim 8, further comprising determining (710, 715, 720)

which prediction mode to use on the enhancement layer from among different

available prediction modes, the different available prediction modes comprising an

enhancement layer residue without spatial intra prediction mode, an enhancement



layer residue with spatial intra prediction mode, arid an enhancement layer pixel with

spatial intra prediction mode.

14. , The method of claim 13, further comprising determining (715) which

prediction mode to use for the enhancement layer from the different available

prediction modes based on an a posteriori decision criteria, or on past, statistics of

the different available prediction modes and properties of the enhancement layer

residue and enhancement layer pixels. .

15. An apparatus comprising an encoder (100) for coding an enhancement

layer.using both a spatial neighboring intra prediction mode in the enhancement

layer and an upsampled corresponding base layer prediction mode.

16. The apparatus of claim 15, wherein said encoder (100) adds a flag in a

macroblock header without signaling a prediction mode, when the spatial

neighboring intra prediction mode used in the enhancement layer is the same as the

upsampled corresponding base layer prediction mode.

17. The apparatus of claim 15 , wherein said encoder ( 100) forces a current

intra prediction mode to be the same as the upsampled corresponding base layer

mode without sending corresponding syntax, when the spatial neighboring intra

prediction mode is the same as the upsampled corresponding base layer prediction

mode.

18. A method for scalable video encoding, comprising coding (310, 315)

an enhancement layer using both a spatial neighboring intra prediction mode in the

enhancement layer and an upsampled corresponding base layer prediction mode.

19. The method of claim 18, further comprising adding (317) a flag in a

macroblock header without signaling a prediction mode, when the spatial

neighboring intra prediction mode used in the enhancement layer is the same as the

upsampled corresponding base layer prediction mode.



20. The method of claim 18, further comprising forcing (520) a current intra

prediction mode to be the same as the upsampled corresponding base layer mode

without sending corresponding syntax, when the spatial neighboring intra prediction

mode is the same as the upsampled corresponding base layer prediction mode.

2 1. An apparatus comprising a decoder (200) for selectively using spatial

intra prediction to decode, on a macroblock adaptive basis, an enhancement layer

residue generated between an enhancement layer macroblock and a corresponding

upsampled base layer macroblock.

22. The apparatus of claim 2 1 , wherein the spatial intra prediction used to

decode the enhancement layer residue is compliant with spatial intra prediction

techniques of the International Telecommunication Union, Telecommunication

Sector (ITU-T) H.264 standard.

23. The apparatus of claim 2 1, wherein said decoder (200) determines

which prediction mode to use for the enhancement layer residue using a syntax field

in a macroblock header.

24. The apparatus of claim 2 1 , wherein said decoder (200) evaluates an

inference, provided in a modified syntax of the International Telecommunication

Union, Telecommunication Sector (ITU-T) H.264 standard, as to which prediction

mode was used to code the enhancement layer residue, when the base layer

prediction mode is intra.

25. The apparatus of claim 24, wherein said decoder (200) uses a

prediction mode other than the spatial intra prediction to decode the enhancement

layer residue, when the base layer prediction mode is constrained to inter.

26. The apparatus of claim 2 1 , wherein said decoder (200) determines a

prediction mode for use on the enhancement layer residue based on parsed syntax,

the prediction mode determined from among any of an enhancement layer residue



without spatial intra prediction mode, an enhancement layer residue with spatial intra

prediction mode, and an enhancement layer pixel with spatial intra prediction mode.

27. A method for scalable video decoding, comprising selectively using

(830, 835) spatial intra prediction to decode, on a macroblock adaptive basis, an

enhancement layer residue generated between an enhancement layer macroblock

and a corresponding upsampled base layer macroblock.

28. The method of claim 27, wherein the spatial intra prediction used to

decode the enhancement layer residue is compliant with spatial intra prediction

techniques of the International Telecommunication Union, Telecommunication

Sector (ITU-T) H.264 standard (900).

29. The method of claim 27, further comprising determining (412) which

prediction mode to use for the enhancement layer residue using a syntax field in a

macroblock header.

30. The method of claim 27, further comprising evaluating (1000, 1100) an

inference, provided in a modified syntax of the International Telecommunication

Union, Telecommunication Sector (ITU-T) H.264 standard, as to which prediction

mode was used to code the enhancement layer residue, when the base layer

prediction mode is intra.

3 1 . The method of claim 30, further comprising using (720) a prediction

mode other than the spatial intra prediction to decode the enhancement layer

residue, when the base layer prediction mode is constrained to inter.

32. The method of claim 27, further comprising determining (900, 1000,

1100), based on parsed syntax, which prediction mode to use on the enhancement

layer residue from among an enhancement layer residue without spatial intra

prediction mode, an enhancement layer residue with spatial intra prediction mode,

and an enhancement layer pixel with spatial intra prediction mode.



33. An apparatus comprising a decoder (200) for decoding an

enhancement layer using both a spatial neighboring intra prediction mode in the

enhancement layer and an upsampled corresponding base layer prediction mode. _

34. The apparatus of claim 33, wherein said decoder (200) forces a current

intra prediction mode to be the same as the upsampled corresponding ,base layer

mode without receiving corresponding syntax, when the spatial neighboring intra

prediction mode is the same as the upsampled corresponding base layer [prediction

mode.

. 35. The apparatus of claim 33, wherein said decoder (200) determines

which intra prediction mode to use for the enhancement layer based on a flag in a

macroblock header.

36. The apparatus of claim 33, wherein said decoder (200) determines an

intra prediction mode for the enhancement layer to be the same as the upsampled

corresponding base layer mode, when the spatial neighboring intra prediction mode

is the same as the upsampled corresponding base layer mode.

37. A method for scalable video decoding, comprising decoding (415, 425)

an enhancement layer using both a spatial neighboring intra prediction mode in the

enhancement layer and an upsampled corresponding base layer prediction mode.

38. The method of claim 37, further comprising forcing (415, 425) a current

intra prediction mode to be the same as the upsampled corresponding base layer

mode without receiving corresponding syntax, when the spatial neighboring intra

prediction mode is the same as the upsampled corresponding base layer prediction

mode.

39. The method of claim 37, further comprising determining (412) which

intra prediction mode to use for the enhancement layer based on a flag in a

macroblock header.



40. The method of claim 37, further comprising determining (415, 425) an

intra prediction mode for the enhancement layer to be the same as the upsampled

corresponding base layer mode, when the spatial neighboring intra prediction mode

is the same as the upsampled corresponding base layer mode.

4 1 . A video signal structure for scalable video encoding, comprising: an

enhancement layer residue, generated between an enhancement layer macroblock

and a corresponding upsampled base layer macroblock, selectively encoded using

spatial intra prediction on a macroblock adaptive basis.

42. A storage media having scalable video signal data encoded thereupon,

comprising: an enhancement layer residue, generated between an enhancement

layer macroblock and a corresponding upsampled base layer macroblock,

selectively encoded using spatial intra prediction on a macroblock adaptive basis.

43. A video signal structure for scalable video encoding, comprising: an

enhancement layer encoded using both a spatial neighboring intra prediction mode

in the enhancement layer and an upsampled corresponding base layer prediction

mode.

44. A storage media having scalable video signal data encoded thereupon,

comprising: an enhancement layer encoded using both a spatial neighboring intra

prediction mode in the enhancement layer and an upsampled corresponding base

layer prediction mode.
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