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1. Introduction

The current CD still handles direct mode from the viewpoint of the conventional B (bi-directional) picture. Therefore, it is necessary to clarify unclear issues regarding direct mode from the viewpoint of the current B (bi-predictive) picture. This contribution introduces the expanded way to derive motion vectors of direct mode under the assumption that the relative timing information is kept in video layer. 

2. Direct mode in current B picture

Direct mode does not require any bits for motion information because its motion vectors are derived directly from the motion vector used in the collocated macroblock of the temporally subsequent picture. So it can reduce bitrate significantly for a given quality. This feasibility comes from the temporal redundancy between consecutive pictures, especially for sequence with less motion or translational global motion. 

In JVT model, B picture is allowed to be used as a reference picture and bi-predictive mode can have two motion vectors in the same direction or different directions. The facts lead us to meet the many conceivable situations as shown Figure 1.
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Figure 1. Conceivable situations for direct mode

First, basically, two motion vectors of direct mode can be derived by exploiting the temporal redundancy between two consecutive pictures. So the immediately temporally-following picture shall be used for direct mode (Figure 1. (a)~(f)). However, if decoding order is identical to display order, none of the temporally-following pictures is decoded yet. In this case, B picture shall use the immediately temporally-preceding picture for direct mode (Figure 1. (g)~(i)). Consequently, in this contribution, the immediately temporally-following picture is used for direct mode if decoding order is different from display order (i.e., the temporally-following pictures are already decoded) and the immediately temporally-preceding picture is used for direct mode if decoding order is identical to display order (i.e., None of the temporally-following pictures is decoded yet). 

Second, the temporally adjacent picture can be B picture, so the number of motion vectors in collocated macroblock in the adjacent picture can be two and their directions are either the same direction (Figure 1. (c)(d)(h)) or different directions (Figure 1. (e)). Therefore, we need to define carefully the calculation of motion vectors of direct mode and this contribution includes the solution. .

Third, if all motion vectors in collocated macroblock of the temporally adjacent picture take an opposite direction against the direction of B picture (Figure 1. (b)(d)(g)(h)), the motion vectors of direct mode cannot be derived temporally because it is uncertain to say that a motion exists between B picture and the temporally adjacent picture. Furthermore, it is possible to guess that there is a scene change between two pictures. So this contribution introduces the way to estimate spatially a motion existence between two pictures by examining the direction of motion vectors in spatially adjacent macroblocks of target macroblock. For the reference, since the conventional B picture always has a P picture as a subsequent picture, this guarantees that a motion always exists between two pictures except that MB mode of collocated macroblock of the subsequent P picture is intra. Therefore, such the third situation did not happen in the conventional B picture.

Fourth, if MB mode of collocated macroblock of the temporally adjacent picture is intra (Figure 1. (f)(i)), the feature of temporal redundancy cannot be used for direct mode because it is uncertain that there is a motion between B picture and the temporally adjacent picture. In spite of such an uncertainty, the conventional B picture just assumed that the collocated macroblock has zero motion. This assumption makes MVf and MVb to be set as 0 whose corresponding reference pictures are the immediately temporally-preceding and temporally-following pictures, respectively. As you predict, it was reported that this assumption was not best solution, especially when there was a scene change between B picture and the temporally adjacent picture. In order to overcome those difficulties, this contribution introduces the efficient method to derive the motion vectors of direct mode by estimating spatially the motion existence between two pictures. 

2.1 Coding scheme that decoding order is different from display order
2.1.1 One motion vector in forward direction (Figure 1. (a))

Since this situation guarantees that a motion exists between B picture and the immediately temporally-following picture, two motion vectors of direct mode are calculated temporally by

MVf = MV x TRb / TRd
MVb = MV x (TRb - TRd ) / TRd
where MV is a motion vector in collocated macroblock of the immediately temporally-following picture, TRb is the temporal distance between B picture and the reference picture pointed by MV, and TRd is the temporal distance between the immediately temporally-following picture and the reference picture pointed by MV.

If and only if MV points the long-term reference picture, then two motion vectors of direct mode are defined as follows.

MVf = MV

MVb = 0

2.1.2 One motion vector in backward direction (Figure 1. (b))

Since it is impossible to judge temporally whether or not a motion exists between B picture and the immediately temporally-following picture, we decide the motion existence between two pictures through checking motion vectors in the spatially neighboring macroblocks of target macroblock. This feasibility comes from the spatial redundancy among the neighboring macroblocks. This contribution uses three neighboring macroblocks that are originally used for motion vector prediction. There are three cases that three neighboring macroblocks can have, as shown in Figure 2. 
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Figure 2. One motion vector in backward direction

Figure 2 (a) shows all the motion vectors of three neighboring macroblocks take a forward direction, wherein MVA, MVB, MVC indicate the motion vectors of the neighboring macroblock A, B, C. That means the temporal correlation between the temporally-preceding pictures and B picture is so high, while temporal correlation between B picture and the temporally-following pictures is very low. In other words, it is possible to guess that there is a scene change between B picture and the temporally-following picture. In this contribution, the motion vector of direct mode is predicted spatially from the motion vectors in the neighboring macroblocks. So MVf (= MVb) is calculated through median{MVA, MVB, MVC}. In addition to MVf(= MVb), the reference picture pointed by MVf is required. This is also predicted spatially from reference pictures in the neighboring macroblocks. Consequently, prediction signal is generated by one motion vector (MVf = MVb) and one reference picture. The details for both the spatial calculation of motion vector and the prediction of reference picture are discussed in section 3.

Figure 2 (b) shows that there is at least one motion vector in backward direction from the neighboring macroblocks. That implies that a motion exists between B picture and the temporally-following pictures and so it is possible to derive motion vectors of direct mode temporally from MV. This contribution defines MVf as a motion vector of target macroblock obtained from the reference picture pointed by MV and MVb as a motion vector of target macroblock obtained from the immediately temporally-following picture. And the definition of TRb and TRd is same with section 2.1.1 and two motion vectors of direct mode are calculated by the same equations in section 2.1.1.

Lastly, Figure 2 (c) shows all the neighboring macroblocks have intra mode. In this case, we cannot estimate temporally and spatially the motion existence between B picture and the immediately temporally-following picture. Therefore, this contribution regards this case as the above case (Figure 2 (b)) and derives MVf and MVb from MV in the same manner as the above case. 

2.1.3 Two motion vectors in forward direction (Figure 1. (c))

The fact that both of two motion vectors exist in the forward direction indicates that there is a motion between B picture and the immediately temporally-following pictures. So it is possible to derive temporally the motion vectors of direct mode from either MVFWD(=MV1) or MVBWD(=MV2). This contribution selects MVFWD(=MV1) and derives MVf and MVb as shown in Figure 3. The reason to select MVFWD(=MV1) is that MVFWD(=MV1) is more important than MVBWD(=MV2) since MVBWD(=MV2) is determined from the scaled MVFWD(=MV1). MVf and MVb are calculated by the same way in section 2.1.1. If two motion vectors point the long-term reference pictures, one motion vector is used, too.   
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Figure 3. Two motion vectors in forward direction

2.1.4 Two motion vectors in backward direction (Figure 1. (d))

The only difference from section 2.1.2 is that there are two motion vectors in backward direction. This contribution selects MVFWD(=MV1) and the same way in section 2.1.2 is applied. 

2.1.5 Two motion vectors in different directions (Figure 1. (e))

MVFWD indicates that a motion exists between B picture and the immediately temporally-following picture. Therefore, this contribution selects MVFWD and MVf and MVb are calculated temporally from MVFWD as section 2.1.1.

2.1.6 Intra mode (Figure 1. (f))

Since it is impossible to judge temporally whether or not a motion exists between B picture and the immediately temporally-following picture, we have to estimate the motion existence spatially. There are four cases that three neighboring macroblocks can have, as shown in Figure 4.
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Figure 4. Intra mode

In Figure 4 (a), all the motion vectors in three neighboring macroblocks, including intra mode, take only forward direction and this fact indicates that there may be a scene change between B picture and the immediately temporally-following picture. In this contribution, the motion vector of direct mode taking forward direction is predicted spatially from the neighboring macroblocks. In addition to MVf(= MVb), the reference picture pointed by MVf is also predicted spatially. The details for both the spatial calculation of motion vector and the prediction of reference picture are discussed in section 3.
Figure 4 (b) shows that all the motion vectors in three neighboring macroblocks, including intra mode, take only backward direction. This fact indicates that there is a motion between B picture and the immediately temporally-following picture and also there may be a scene change between B picture and the immediately temporally-preceding picture. In this contribution, the motion vector of direct mode taking backward direction is predicted from three neighboring macroblocks. In addition to MVf(= MVb), the reference picture pointed by MVf is also predicted spatially. 
Figure 4 (c) shows that some motion vectors in three neighboring macroblocks take forward direction and other motion vectors take backward direction. This fact indicates that a motion of target macroblock exists in any direction, and so this contribution calculates spatially two motion vectors in both directions from three neighboring macroblocks. Of course, the reference picture in each direction is also spatially calculated.

Figure 4 (d) shows all the neighboring macroblocks have intra mode. In this case, we cannot estimate temporally and spatially the motion existence between B picture and the temporally-following pictures. This contribution employs the same method as the conventional B picture: Under the assumption that the collocated macroblock has zero motion vector, MVf and MVb are set to zero and their corresponding reference pictures are the immediately temporally-preceding and temporally-following picture, respectively.

2.2 Coding scheme that decoding order is identical to display order 

In this coding scheme, the immediately temporally-preceding picture has one or two motion vectors in only forward direction, in addition to intra mode. This fact makes it hard to judge temporally whether or not a motion exists between B picture and the immediately temporally-preceding picture. Therefore, the motion existence between two pictures is judged spatially from the neighboring macroblocks of target macroblock.

2.2.1 One motion vector in forward direction (Figure 1. (g))

There are two cases that three neighboring macroblocks can have, as shown in Figure 5.
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Figure 5. One motion vector in forward direction

Figure 5 (a) shows that there is at least one motion vector in forward direction from the neighboring macroblocks. That implies that a motion exists between B picture and the temporally-preceding pictures and so it is possible to derive temporally the motion vectors of direct mode from MV. This contribution defines MVf as a motion vector of target macroblock obtained from the reference picture pointed by MV and MVb as a motion vector of target macroblock obtained from the immediately temporally-preceding. TRb is the temporal distance between B picture and the reference picture pointed by MV, and TRd is the temporal distance between the immediately temporally-preceding picture and the reference picture pointed by MV. The motion vectors of direct mode are calculated by the same equations in section 2.1.1. And if MV points the long-term reference picture, then the motion vectors of direct mode are also obtained in the same manner as section 2.1.1.

Figure 5 (b) shows all the neighboring macroblocks have intra mode. In this case, we cannot estimate temporally and spatially a motion existence between two pictures. Therefore, this contribution regards this case as the above case (Figure 5 (a)) and derives directly MVf and MVb from MV in the same manner as the above.

2.2.2 Two motion vectors in forward direction (Figure 1. (h))

The only difference from section 2.2.1 is that there are two motion vectors in forward direction. This contribution selects MVFWD(=MV1) and the same way in section 2.2.1 is applied for the motion vectors of direct mode. If two motion vectors point the long-term reference pictures, one motion vector is used, too.

2.2.3 Intra mode (Figure 1. (i))

There are two cases that three neighboring macroblocks can have, as shown in Figure 6.
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Figure 6. Intra mode

Figure 6 (a) shows that there is at least one motion vector in forward direction from the neighboring macroblocks, which indicates that a motion exists between B picture and the temporally-preceding pictures. In this contribution, the motion vector of direct mode taking forward direction is predicted spatially from the neighboring macroblocks. In addition to MVf(= MVb), the reference picture pointed by MVf is also predicted spatially from the neighboring macroblocks.

Figure 6 (b) shows all the neighboring macroblocks have intra mode. In this case, we cannot estimate temporally and spatially a motion existence between two pictures. This contribution assumes that the collocated macroblock has zero motion vector, so MVf (= MVb) is set to 0 and its corresponding reference picture is the immediately temporally-preceding picture.

3. Summary

It depends on the coding scheme to decide which temporally adjacent picture will be used for direct mode: the immediately temporally-following picture is used if decoding order is different from display order (i.e., the temporally-following pictures are already decoded) and the immediately temporally-preceding picture is used if decoding order is identical to display order (i.e., none of the temporally-following pictures is decoded yet).

In this contribution, only one motion vector (MVFWD) is used to derive the motion vectors of direct mode if the collocated macroblock of the temporally adjacent picture has two motion vectors. And the motion existence between B picture and the temporal adjacent picture is judged by looking at the motion vector of the temporally collocated macroblock or by referencing the motion vectors of the spatially neighboring macroblocks. 

Basically, two motion vectors of direct mode are derived temporally from the motion vector of the collocated macroblock if the collocated macroblock has a motion vector (or two motion vectors) and it is temporally or spatially estimated that a motion exists between B picture and the temporally adjacent picture (Figure 1. (a)(c)(e), Figure 1 (b)(d) considering Figure 2 (b), and Figure 1 (g)(h) considering Figure 5 (a)).

If the collocated macroblock has a motion vector (or two motion vectors) but it is temporally or spatially estimated that a motion does not exist between two pictures, one motion vector (MVf = MVb) in opposite direction against B picture direction and its reference picture are derived spatially from the neighboring macroblocks (Figure 1 (b)(d) considering Figure 2 (a)).

If the collocated macroblock has a motion vector (or two motion vectors) but it is impossible to judge temporally and spatially a motion existence between two pictures, two motion vectors of direct mode are derived temporally from the motion vector of the collocated macroblock (Figure 1 (b)(d) considering Figure 2 (c), and Figure 1 (g)(h) considering Figure 5 (b)).

If the mode of the temporally collocated macroblock is intra and all the motion vectors of the spatially neighboring macroblocks (including intra mode) take only one direction, one motion vector (MVf = MVb) in the direction and its reference picture are derived spatially from the neighboring macroblocks (Figure 1 (f) considering Figure 4 (a)(b), and Figure 1 (i) considering Figure 6 (a)).

If the mode of the temporally collocated macroblock is intra and the motion vectors of the spatially neighboring macroblocks (including intra mode) take both directions, two motion vectors in both directions and their reference pictures are derived spatially from the neighboring macroblocks (Figure 1 (f) considering Figure 4 (c)).

Finally, if the temporally collocated macroblock and the spatially neighboring macroblocks have intra modes, the collocated macroblock is assumed to be zero motion and MVf (= MVb) becomes 0. And their corresponding reference pictures are the immediately temporally-preceding and temporally-following pictures (Figure 1 (f) considering Figure 4 (d)) or only the immediately temporally-preceding picture (Figure 1 (i) considering Figure 6 (b)).

The method to calculate spatially the motion vector of direct mode is similar to the method for motion vector prediction: First, if any one among the neighboring macroblocks has intra mode, its motion vectors in both forward and backward directions are set to zero. And the motion vector of direct mode is calculated by the median operation of the motion vectors of the neighboring macroblocks, which exist in the same direction as the motion vector of direct mode takes. If any macroblock has two motion vectors (MVFWD and MVBWD) taking the same direction as the motion vector of direct mode does, this contribution selects one motion vector (MVFWD).

For the prediction of reference picture, it is simple to calculate the reference picture pointed by the motion vector of direct mode: To begin with, remember that the only reference pictures of the neighboring macroblocks are used, which exist in the same direction as the motion vector of direct mode takes. If each of the neighboring macroblocks has a separate reference picture, the reference picture with the smallest index is selected as a reference picture of the motion vector of direct mode. And if two among the neighboring macroblocks have an identical reference picture, the reference picture is selected as a reference picture of the motion vector of direct mode. Finally if all of the neighboring macroblocks have an identical reference picture, the reference picture is selected as a reference picture of the motion vector of direct mode.

4. Conclusion and further work

Since we already experienced in the past that the prediction from two motion signal provides better performance than one motion signal and the direct mode uses the predicted motion vectors so that it is necessary to use two motion vectors to get a correct prediction signal, this contribution has employed two motion vectors in the expanded definition of direct mode as possible as it can. This approach guarantees that direct mode can still provide the higher performance by generating more accurate prediction signal. However, unfortunately, we are currently implementing this expanded definition of direct mode. Because the current JM software does not fully support the bi-predictive mode and multi-reference picture buffer scheme with more than one backward reference pictures, we had to fix such the things at first. As further works, the integration of the expanded direct mode into JM software is left.   
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