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Abstract
Motion Estimation is in general one of the most computationally complex processes within a video encoding system. This is especially true within the H.264 reference software considering that motion estimation may need to be performed using multiple references or block sizes. With the extension and usage however of the H.264 standard into higher resolutions and formats, encoding speed has become even more vital. In [1] and [2] we presented an extension of our predictive based fast motion estimation algorithms named as the Enhanced Predictive Zonal Search schemes, which were later adopted and implemented into the reference software. Although the EPZS scheme can easily be extended to simultaneously consider fractional samples, our original implementation only considered integer samples. Nevertheless, considering that subpixel motion estimation becomes the biggest bottleneck after the introduction of this scheme, but also since the two other fast motion estimation schemes available in the reference software [3][4][5] already consider fractional fast motion estimation, it was requested that such is also provided. Therefore, in this document we also provide such an algorithm which we hope would assist further in promoting the H.264 standard and improve the usage of the JM reference software. Note, that we may consider at a later stage, and depending on the author’s schedule, whether a full subpixel implementation of EPZS may be worthwhile it to be provided.
1. The proposed scheme

We have designed and implemented a rather simple scheme for supporting fractional fast motion estimation in the JM reference software. This scheme is somewhat reminiscent of the schemes also proposed in [3][4][5] and (mostly) [6]. In fact, one may claim that all these schemes are rather similar in general and have relatively minor differences. 
More specifically, our fast fractional motion estimation scheme, similar to the schemes presented in [6], assumes that fractional positions aligned on the vertical or horizontal axis (i.e. diamond positions 2 in Figure 1) have higher probability to be the minimum locations. Decisions are also made based on the relationship of the best and second best location but also the minimum distortion as computed at a given point. Our algorithm is in fact as follows:
Assume that current best MV is equal to MV = {mvx ,mvy} and predictor mv is PMV = {pmvx ,pmvy}
Step 1: 
Set diamond patterns DPhalf = {(0,0) (-2,0), (0,2), (2,0), (0,-2)} and 

DPqpel = {(0,0) (-1,0), (0,1), (1,0), (0,-1)}. Set DP = DPhalf. Set resolution to ½.
Step 2: 
Examine all positions DPi (i=0..4) around the current best location. 

Store both current best and second best locations (best_pos and second_pos respectively) 

and their respective distortion values (min_sad and second_sad).
Step 3: 
If (best_pos == 0), (MV == PMV), and (min_sad < T), where T is a threshold, terminate search.
Step 4: 
If (MV == PMV), goto step 6.

Step 5: 
Depending on the location of best_pos and second_pos determine which additional points to examine at current resolution as follows:

· If (best_pos == 0) || (second_pos == 0), examine the two additional points of the same resolution adjacent to the non zero location (Figure 1b). Update appropriately best_pos.
· Otherwise, if (best_pos ^ second_pos), i.e. positions are neighboring, further examine the additional remaining position between the two samples ((Figure 1a). Update appropriately best_pos.
· Otherwise, if best_pos and second are on opposite directions, examine all remaining points in current resolution. Update appropriately best_pos.
Step 6:  Update best MV as MV + DPbest_pos
Step 7: If (resolution == ¼) terminate. Otherwise set DP = DPqpel. Set resolution to ¼.  Goto Step 1.
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Figure 1: Examples of subpixel refinement using the proposed scheme. In case (a) best and second best are adjacent non zero positions, and therefore a single position is additionally tested for refinement. In case (b), the best or second best is the center location, and in this case 2 additional points may be tested. Finally in case (c) best and second best are on opposite locations which suggests that information is not sufficient and all remaining subpixel positions for the current fractional refinement should be tested.

2. Simulation Results
To evaluate the proposed scheme we have performed simulations on several CIF and QCIF resolution sequences. We have also examined various variants of the EPZS scheme, i.e. with only one refinement, simpler refinement patters, reduced predictors, and the proposed subpel ME enabled or disabled. Our full simulations can be seen in the associated excel spreadsheet while such were compared to the Simplified Hexagonal search available also in the JM.

We immediately observe from these simulation results, that obviously the simplified Hexagonal search, considering that it also already provides for a fractional scheme, is somewhat faster than the “most” complex mode of EPZS as such is implemented in the software (note that one can provide other variants of EPZS by just defining additional patterns or different conditions). However, the difference is speed is much less noticeable when we compare the overall improvement in speed. Furthermore this improvement also comes at a certain loss in performance which can be up to 2% in terms of bitrate increase. Note also that it is the authors opinion that at this point, the use of Fast Mode Decision is actually more critical in achieving further reduced complexity than Motion Estimation is. Note also that the JM version provided has been further optimized by reducing certain overheads associated with the software. 
Performance of the EPZS scheme seems to improve in terms of speed when the fractional fast scheme is introduced. Based on our results, we seem to observe an improvement of around 15% in terms of Motion Estimation speed up. However the impact in terms of quality seems to be still negligible. 

Note that due to lack of time, the author has implemented the “position” adaptation of the subpixel ME using conditionals. However it would be better if a table lookup approach was used instead, and the author may try to provide such an implementation depending his time. Furthermore, the same scheme can also be used for biprediction, although no such test was used in this experiment, and code may also be provided.

As we have suggested, EPZS is highly configurable. We have also examined the behavior of the scheme when we adjust some of the EPZS parameters such as the number of refinements, and the predictors used. We basically observe from the simulation results in the associated excel sheet that performance in that both speed and performance become very similar between the different schemes integrated in the software. 

Based on our results, we suggest retaining all three Fast Motion Estimation schemes in the software but also adopting the above simple scheme in the JM reference software. We believe that such non-normative concepts are really valuable to the research community since they could assist in the understanding of the JM reference software but also of video compression in general. Hopefully such would also assist in the further deployment and adoption of the H.264 in all applications related to video/image compression.
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