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1 Summary
This document identifies several enhancements, as well as bug fixes that were performed to the JM reference software [1] in the course of the experimentation for some coding test work done for MPEG. These enhancements enabled a substantial improvement of the performance of the reference software versus previous versions. A new, official version of the software is intended for release prior to the current meeting for verification from other participants.
2 JM reference software bug fixes

2.1 Reordering operations

A very important coding tool that is supported by the AVC standard (Rec. ITU-T H.264 | ISO/IEC 14496-10) is the ability to reorganize the prediction reference lists before using them for prediction. This reorganization may be performed for purposes of advanced coding efficiency, error resiliency, coding flexibility, among others. It is also a very important component when utilizing coding tools such as weighted prediction as well as when using flexible, e.g. hierarchical, coding structures given the relationships that may exist between the coded pictures and their references.

The JM reference software provides the capability of using reordering when utilizing hierarchical and low delay coding structures, since that ideally would enable a better rearrangement of the reference pictures in a prediction list given their timing, and not coding, distances. This tool was only enabled for B coded pictures since, coding order in B slices is based on picture order count differences (both distance and sign) between the current picture and its references. Considerable benefits could be achieved when enabling this tool with the use of hierarchical structures.

Unfortunately, at some point, the reference software and this particular module were modified for readability and flexibility, and unintentionally a bug was introduced in the software that substantially impacted the performance of this mode. More specifically, new “swap” functions were introduced that were specified as follows:

static inline void i32_swap(int x, int y) 

{

  int temp = x;

  x = y;

  y = temp;

} 

static inline void i64_swap(int64 x, int64 y)

{

  int64 temp = x;

  x = y;

  y = temp;

}
As one may immediately notice, the parameters into these functions were passed by value and not by reference. This means that no value swapping will, in the end, happen by calling these functions. In the end, the reference lists themselves were reordered based on incorrect information, penalizing the performance of the encoder when reordering was used.  This bug was discovered when a new, distortion based, reordering process was introduced in the software and the functions were changed into:

static inline void i32_swap(int *x, int *y) 

{

  int temp = *x;

  *x = *y;

  *y = temp;

}

static inline void i64_swap(int64 *x, int64 *y)

{

  int64 temp = *x;

  *x = *y;

  *y = temp;

}

2.2 Subpixel Motion Estimation

The Enhanced Predictive Zonal Search (EPZS) scheme for motion estimation can be followed by any of 3 different fractional motion estimation refinement schemes, i.e. a low complexity gradient descent scheme, a multistage “localized” full search scheme, and a true “brute-force” refinement scheme. The later tends to have the highest performance, although also requires the most complexity.

Unfortunately, the JM contained a bug in which, when the distortion metric between the integer level and half-pixel refinement level were the same but different to that of the quarter-pixel refinement, the distortion passed into the brute-force refinement scheme was not properly reset, resulting in incorrect motion estimation results. This problem was resolved in this current version of the software.
2.3  Lagrangian parameter computation

The JM reference can take in consideration the length of the hierarchical structure when selecting the lagrangian parameters for mode decision and motion estimation. In particular, the lambda was scaled using the parameter lambda_scale, defined as:

double lambda_scale = 1.0 - dClip3(0.0,0.5,0.05 * (double) p_Inp->jumpd);

Unfortunately, the authors of the low delay coding modes in the JM were likely not aware of this modification, and this scaler was still used when using this mode. With a very long hierarchical, low delay GOP, this could result in a substantially reduced lambda, which may be suboptimal. A parameter was introduced that disables this scaling, if desired, from the lambda computation.

3 New Features

3.1 Hierarchical Motion Estimation

Hierarchical Motion Estimation (HME) algorithms are commonly used in several video encoder implementations given their superior performance and reduced complexity compared to most single resolution, raster scan motion estimation methods. HME schemes typically subsample the current and reference pictures at different resolutions and try to estimate the motion in a picture using typically a low to high resolution approach, i.e. by first trying to determine a first estimation of the motion in a lower version of the images, and then refine this estimate in each subsequent, higher resolution version of these images. These schemes can result in very good performance since they can better cover large search windows, are more robust to noise (given the denoising characteristics of the subsampling process), and due to better knowledge and reuse of motion information from neighboring partitions.  HME schemes can also serve as “pre-analysis” steps for a video encoder, given that they can provide useful information about the characteristics of the image before any information is encoded.  This information can then be used for a variety of purposes, including mode decision and motion estimation refinement, reordering of the picture reference lists, slice type decisions, and weighted prediction among others.

Unfortunately, the JM reference software, up to now, only considered a raster scan block based approach for motion estimation and did not include an HME scheme. Therefore, performance of the software somewhat suffered while the advanced features that could be enabled with the information provided by an HME scheme were not available. 

Given the recent interest in evaluating the performance of the AVC standard (Rec. ITU-T H.264 | ISO/IEC 14496-10) compared to other codecs, we have decided to introduce an HME scheme in the latest version of the reference software. Although this implementation does not yet provide of all features that could be considered or optimized when a hierarchical scheme is utilized, it still considers motion information generated from the implemented HME scheme for further motion refinement in the context of the supported block based motion estimation scheme, i.e. the Enhanced Predictive Zonal Search (EPZS) framework, as well as for reference reordering. 

The scheme that we implemented is itself using the same principles as EPZS, with the use of predictors, early termination criteria based on distortion and motion relationships, and refinement patterns at each stage. Predictors can be spatial, temporal (currently not supported), and of course hierarchical. These predictors could be pruned based on their relationships and block and neighborhood distortion characteristics. At each new stage, hierarchical predictors could be quite critical since they can provide a rather good estimate of the motion within a block or region. Neighborhood information, in this case from all directions, could also be utilized to improve performance.

Since the HME is performed prior to any encoding of the picture occurs, one can utilize the HME distortion information for optimizing the picture reference lists, among others. In particular, if HME is performed using all available references in the DPB, one could examine the distortion after motion estimation for each reference, and reorder this reference list based on distortion priority. Such a strategy has been included in the software for the List0 reference list. It should be noted that currently only “global”, i.e. overall, picture distortion is considered for reordering, while one could further refine the process by considering the interaction between references and/or accounting for motion and illumination change characteristics. 

Motion information from this hierarchical scheme can then be passed into the actual, Macroblock level block motion estimation as an additional predictor. Similar to the hierarchical scheme, EPZS also considers several predictor types. Our extension now also adds the hierarchical predictors as part of the prediction analysis process and can better help this motion estimation method to avoid local minima and improve performance. 

3.2 P-Skip biased mode decision scheme

The existing high complexity rate distortion optimization scheme is implicitly biased to the P-SKIP coding mode in P slices. This is since always this mode is taken in consideration during mode decision, even if the true motion characteristics of the block might not be related to those of the P-SKIP mode. Since, however, the bit cost for using this mode is quite low, this mode may be preferred by a simplistic rate distortion optimization coding scheme, such as the one in the JM, versus others, more subjectively pleasing, coding modes.

We have extended the high complexity mode decision scheme by providing an alternative method where P-SKIP modes are considered during mode decision only and only if certain conditions about previously tested coding modes are satisfied. In particular, five additional modes for P-SKIP consideration were added including enabling P-SKIP:

a) only when the best mode is 16x16 with motion information identical to those of the skip mode, and has no residual information,

b) only when the best mode is 16x16 with motion information identical to those of the skip mode, but with no consideration of any residual information,

c) only when the best mode is 16x16 and the motion vectors are close, but not identical, to the skip motion vectors. Samples are considered close enough if they are both within ±8 samples,

d) only when the best mode is inter and is with no residual,

e) only when the best mode is inter with no residual or  is equal to the 16x16 mode and has motion information that is close  (i,e  ±8) to that of the P-SKIP mode.
3.3 Other Features

Several other minor features were added in the software such as the ability to more effectively control the quantization rounding parameters in the software and more aggressive predictors in the EPZS scheme. The first could provide some benefits if trellis quantization is not used, while the later can help in finding better motion vectors at the cost of complexity.

4 Conclusion

In this document we briefly introduced some of the enhancements and bug fixes that were recently performed to improve the capabilities of the JM reference software. These improvements resulted in a further coding efficiency performance versus the existing reference software.
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