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Functionality addressed (Requirement)

This CE addresses the improvement of the coding efficiency of entropy coding of syntax element of enhancement layer macroblock according to requirement 13 (coding efficiency performance).
Description of tool 1

The proposed scheme is described on JVT-O021 in detail.

To improve coding efficiency of the context adaptive arithmetic coding scheme, it is important to design an adequate model that exploits the statistical dependency between current symbol and pre-coded symbol set. When adaptively estimated conditional probability based on context model provides larger probability of MPS (Most Probable Symbol), the coding efficiency can be significantly increased as long as the estimation of conditional probability is valid.

In scalable video coding, each layer contains information of coding element in base layer and the syntax element is predicted from data of base layer macroblock as long as base layer exists. Therefore, we can improve the context modeling of CABAC by exploiting the statistical dependency among layers. The proposed context modeling scheme of CABAC is depicted in Fig. 1. In conventional context modeling scheme, the context template consists of two neighboring syntax elements, A and B, while the context template of the proposed scheme has the additional syntax element C that is located in the corresponding base layer macroblock as shown in Fig. 1.
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Figure 1. The proposed context modeling scheme by using base layer syntax

Description of tool 2

The detail of technical description is described in JVT-O063 document.

(1) Improved coding scheme of residual prediction flag

According to the current JSVM1 implementation, residual_pred_flag is set to one if the base-layer residual is used for predicting the current inter residual. However, as Nokia already indicated in the N6898, if the base-layer residual in the macroblock has no non-zero pixel, the coding of residual_pred_flag is not required. It results to the significant bit-rate reduction corresponding to residual_pred_flag.

With the already proposed scheme, we additionally propose a method to predict residual prediction flag from the motion vector pairs of the current and base layers. 
Since the residual prediction is only valid when the motion vectors of the current layer and the base-layer are similar, the motion vector difference between layers can be used for the keys to predict the residual_pred_flag. At first, we define a new variable, PrdRpFlag, which means the prediction value of the residual_pred_flag. Then, if the motion vector difference between layers exceeds to the certain threshold, which is possibly changed by some conditions, PrdRpFlag is set to zero, otherwise, it is set to one. Finally, instead of residual_pred_flag itself, different between residual_pred_flag and PrdRpFlag is coded to increase the efficiency of the entropy coder. We introduce a new syntax item, residual_pred_flag_diff, which is defined as the difference between residual_pred_flag and PrdRpFlag. This process can be summarized as:

· Skip coding of residual_pred_flag if base-layer residual has no non-zero pixels.

· Code residual_pred_flag_diff (= |residual_pred_flag – PrdRpFlag|) where

· PrdRpFlag = 1 if |BaseMv-CurMv| < threshold and

· PrdRpFlag = 0 otherwise.
It should be noted that this kind of prediction technique is especially useful when VLC-based coder is used since the new technique generates more zeros than the original one. Fig. 2 shows the proposed residual_pred_flag coding process.
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Figure 2. Coding process of residual_pred_flag

(2) Improved coding scheme of motion prediction flag

According to the current JSVM1 implementation, mot_pred_flag is set to one if the motion vector prediction comes from the base-layer motion vector, and set to zero otherwise. However, if we can predict which is a source of the motion vector prediction, the bit-rates of mot_pred_flag can be reduced. For a obvious case, if the predicted motion vectors from the base-layer and the spatial neighbours are exactly same, the coding process of mot_pred_flag can be skipped. Furthermore, we can apply a prediction technique for other cases.

From the close observations of the decisions between the base-layer and the spatial neighbours, we found some facts: spatial neighbours can give accurate motion vectors, however, in some cases, motion prediction does not work properly. It results to a big motion vector difference. Although the accuracy of the base-layer prediction is worse than the spatial motion prediction, it provides a reasonable value almost all cases. From this observation, the difference between two motion predictors can be used to predict the mot_pred_flag.

Let PrdMotPrdFlag be the prediction of the mot_pred_flag, then PrdMotPrdFlag is set to one if the difference between two motion predictors exceeds to the certain threshold, and set to zero otherwise. We introduce a new syntax item, mot_pred_flag_diff, which means the difference between mot_pred_flag and PrdMotPrdFlag. Then the coding process can be summarized as:

· Skip coding of mot_pred_flag if two motion predictors provide same MV.

· Code mot_pred_flag_diff (= |mot_pred_flag – PrdMotPrdFlag|) where

· PrdMotPrdFlag = 1 if |PrdMvFromBase-PrdMvFromSpatial| > threshold and

· PrdMotPrdFlag = 0 otherwise.

Fig. 3 shows the proposed residual_pred_flag coding process.
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Figure 3 Proposed mot_pred_flag coding process.
Syntax and semantics modifications for tool 1 (Context modelling)

There are no modifications to the SVM syntax and semantics. Only decoding process is changed.

Syntax and semantics modifications for tool 2 (MB symbol coding)

(1) Residual prediction flag

Syntax changes:

Add one variable PrdRpFlag to predict the residual_pred_flag

Define one syntax element of residual_pred_flag_diff to store the prediction difference.

Semantics:

PrdRpFlag 
represents a predicted value of residual_pred_flag.

residual_pred_flag_diff 
represents a difference between residual_pred_flag and PrdRpFlag.
(2) Motion prediction flag

Syntax changes:

Add one variable PrdMotPrdFlag to predict the residual_pred_flag

Define one syntax element of mot_pred_flag_diff to store the prediction difference.

Semantics:

PrdMotPrdFlag 
represents a predicted value of mot_pred_flag.

mot_pred_flag_diff 
represents a difference between mot_pred_flag and MotPrdRpFlag.

Expected JSVM modifications

Tool 1 (JVT-O021)

It requires some modification on parsing process. In CABAC parsing process, (1) the context modelling scheme, (2) context table and (3) binarization table should be added for syntax element of enhancement layer macroblock.

Tool 2 (JVT-O063)

For coding of residual prediction flag, only small changes are required to check the existence of non-zero pixels in the base-layer residual. For coding of motion prediction flag, since both of spatial motion prediction and the base-layer motion are easily accessible in the current software, only small changes are sufficient.

Expected gains
From tool 1, the proposed context modeling based on statistical characteristic of JSVM syntax element is expected to provide the coding efficiency improvement for CABAC.

From tool 2, symbol prediction scheme will also provide a bit reduction of syntax elements at enhancement layer macroblock.

Coding conditions
Since the statistical characteristic of syntax element highly depends on quantization parameter value, each method should be evaluated with various QP condition. Thus, generate 2-layer streams with fixed QP set; the difference of QP value from initial QP in Munich test configuration, delta{QP_Base, QP_Enh} is {-12,-8,-4,0,+4,+8,+12}. No FGS is required.

For the resolution and the frame-rates, we will test both cases when the resolution between each layer is changed and not.

1. Scenario 1: CIF@30Hz – 4CIF@30Hz

(resolution changes)

2. Scenario 1: 4CIF@30Hz - 4CIF@60Hz

(frame-rates changes)

3. Scenario 1&2: QCIF@15Hz – CIF@15Hz
(resolution changes)
4. Scenario 1&2: CIF@15Hz - CIF@30Hz
(frame-rates changes)

Test set
Use test sequences in Munich test conditions.
Evaluation criteria
The overall coding performance of current JSVM 2.0 and proposed tool is compared in terms of bitrate and PSNR at each QP configuration. The bit reduction ratio and the bit portion of each syntax element are also evaluated. The computational complexity of each tool should be reported.

Time line
JSVM2.0+4W
: Formal description of the proposal.
Poznan-1W
: Submissions of results and verifications.
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