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1. Introduction

Direct mode motion vectors are calculated using spatial or temporal methods. This documents describes only temporal direct mode by setting direct_spatial_mv_pred_flag as 0. Figure 1 shows the default index order for list 0 prediction, the default index order for list 1 prediction, and the list 1 reference picture for direct mode at each B picture of IBBBP sequence pattern under the assumption that the short-term buffer size is 6 and the reordering of the reference index lists is not applied. 
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Figure 1. List 1 reference picture for direct mode in IBBBP pattern
Figure 2 also shows the respective indices at each B picture of IBBB sequence pattern under the same assumption as Figure 1. In JVT model, IBBB pattern is available because JVT model allows B picture to be used as a reference picture. Decoding order in Figure 2 is I B2 B1 B3 B5 B4 B6 … and also it can be I B1 B2 B3 B4 B5 B6 … such as output order. This is decided in encoder side. In Figure 2, especially, (a) and (c) show that all the list 0 and list 1 reference pictures for B picture are in the same temporal direction and the list 1 reference picture for direct mode is in the temporally preceding direction. 
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Figure 2. List 1 reference picture for direct mode in IBBB pattern
From Figure 1 and 2, we see that the list 1 reference picture of the direct mode occurs temporally earlier or temporally later than the current B picture and the co-located block in the list 1 reference picture can have the list 0 motion vector, the list 1 motion vector, or both the list 0 and list 1 motion vectors. Figure 3 and Figure 4 illustrate the available motion vectors that the list 1 co-located block can have, when the list 1 reference picture occurs temporally earlier or later than the current B picture. They also include the cases that the reference index reordering is applied. Besides, even in the conditions that the definition of the list 1 reference picture is changed from the decoded picture at index 0 in list 1 mode to the most recently decoded picture, the cases as shown in Figure 3 and 4 can occur. 

In the current FCD, the appropriate procedures for the most cases in Figure 3 and 4 are missed at temporal direct mode. Actually FCD introduced the calculation method for the direct mode motion vector based on the conventional B (bi-directional) picture, not current B (bi-predictive) picture. The object of this document is to make the temporal direct mode clear by providing the solution to the following problem: if the co-located block in the list 1 reference picture has only the list 1 motion vector or both the list 0 and list 1 motion vectors, then which motion vector will be used for the direct mode motion vector calculation ? And this document also shows the reasonable calculation methods for the direct mode motion vectors in the various cases.

2. Temporal technique of obtaining the direct mode motion parameters

As mentioned above, the co-located block in the list 1 reference picture can have one or two motion vectors and we need to decide which motion vector will be used for direct mode motion vector calculation. According to FCD, the direct mode motion vectors are computed from the list 0 motion vector of the co-located block in the list 1 reference picture and so the list 0 reference picture for the direct mode is the same as the list 0 reference picture used for the list 1 co-located block. 

However, if the co-located block has only the list 1 motion vector, then is it meaningful that the motion vector of the co-located block is regarded as zero and the list 0 reference picture is the most recent temporally preceding picture? The important fact is that the co-located block has the motion information to be capable of being used for direct mode motion vector calculation. Therefore, this document suggests that the list 1 motion vector has to be used for the direct mode motion vectors and the list 0 reference picture for direct mode is the same as the reference picture that the list 1 motion vector points to. 

As another issue, there is a case that the list 1 co-located block has both the list 0 and list 1 motion vectors. In this case, this document suggests that if two motion vectors point to different reference pictures, then the motion vector pointing to the temporally closest reference picture from the list 1 reference picture is selected. Otherwise, the list 0 motion vector is selected for the direct mode motion vector calculation. And the list 0 reference picture for direct mode is the same as the reference picture that the selected motion vector points to, regardless of its mode.
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Figure 3. Motion vectors of the list 1 co-located block when the list 1 reference picture occurs temporally later than B picture (L0 MV: list 0 motion vector, L1 MV: list 1 motion vector)
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Figure 4. Motion vectors of the list 1 co-located block when the list 1 reference picture occurs temporally earlier than B picture (L0 MV: list 0 motion vector, L1 MV: list 1 motion vector)

2.1 List 1 reference picture for direct mode occurs temporally later than B picture 

Case 1: Both the current macroblock and the list 1 co-located macroblock are in frame mode

Figure 3 (a) and (c) are simplified to Figure 5 (a), Figure 3 (b) (d) (e) are simplified to Figure 5 (c), and Figure 3 (g) and (h) are simplified to Figure 5 (b). 
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Figure 5. Both the current macroblock and the list 1 co-located macroblock are in frame mode when the list 1 reference picture is in temporally following direction

In Figure 5 (a), the list 0 and list 1 motion vectors (MVF, MVB) for the direct mode are obtained as described in FCD. 

If both the list 0 and list 1 reference pictures for the direct mode occur temporally later than the current B picture and the list 0 reference picture occurs temporally later than the list 1 reference picture as shown in Figure 5 (b), then two motion vectors of direct mode block are calculated as follows:

Z = TDB x 256 / TDD

MVF = (Z x MV + 128) >> 8

W = Z – 256


MVB = (W x MV + 128) >> 8
If both the list 0 and list 1 reference pictures for the direct mode occur temporally later than the current B picture and the list 0 reference picture occurs temporally earlier than the list 1 reference picture as shown as shown in Figure 5 (c), then two motion vectors of direct mode block are calculated as follows:

Z = -TDB x 256 / TDD

MVF = (Z x MV + 128) >> 8

W = Z – 256


MVB = (W x MV + 128) >> 8
Case 2: Both the current macroblock and the list 1 co-located macroblock are in field mode

If the list 0 reference picture for the direct mode occurs temporally earlier than the current B picture and the list 1 reference picture occurs temporally later than the B picture as shown in Figure 6 (a), then the list 0 and list 1 motion vectors (MVF,i , MVB,i) for the direct mode are obtained as described in FCD. 

If both the list 0 and list 1 reference pictures for the direct mode occur temporally later than the current B picture and the list 0 reference picture occurs temporally later than the list 1 reference picture as shown in Figure 6 (b), then two motion vectors (MVF,i , MVB,i) for field i of the direct mode block are calculated as follows:

Z = TDB,i x 256 / TDD,i

MVF,i = (Z x MVi + 128) >> 8

W = Z – 256


MVB,i = (W x MVi + 128) >> 8
In addition, it is also possible that the list 0 motion vector of the co-located block in field i of the list 1 reference frame points to the field that occurs temporally later than the current B picture as shown in Figure 6 (c) and (d). That is, if both the list 0 and list 1 reference pictures for the direct mode occur temporally later than the current B picture and the list 0 reference picture occurs temporally earlier than the list 1 reference picture, then two motion vectors (MVF,i , MVB,i) for field i of the direct mode block are calculated as follows:

Z = -TDB,i x 256 / TDD,i

MVF,i = (Z x MVi + 128) >> 8

W = Z – 256


MVB,i = (W x MVi + 128) >> 8
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Figure 6. Both the current macroblock and the list 1 co-located macroblock are in field mode when the list 1 reference picture is in temporally following direction
Case 3: The current macroblock is in field mode and the list 1 co-located macroblock is in frame mode

If the list 0 reference picture for the direct mode occurs temporally earlier than the current B picture and the list 1 reference picture occurs temporally later than the B picture as shown in Figure 7 (a), then the list 0 and list 1 motion vectors (MVF,i , MVB,i) for the direct mode block are obtained as described in FCD.

If both the list 0 and list 1 reference pictures for the direct mode occur temporally later than the current B picture and the list 0 reference picture occurs temporally later than the list 1 reference picture as shown in Figure 7 (b), then two motion vectors (MVF,i , MVB,i) for field i of the direct mode block are calculated as follows:

Z = TDB,i x 256 / TDD

MVF,i = (Z x MV + 128) >> 8

W = Z – 256


MVB,i = (W x MV + 128) >> 8
In addition, it is also possible that the list 0 motion vector of the co-located block in the list 1 reference frame points to the frame that occurs temporally later than the current B picture as shown in Figure 7 (c). That is, if both the list 0 and list 1 reference pictures for the direct mode occur temporally later than the current B picture and the list 0 reference picture occurs temporally earlier than the list 1 reference picture, then two motion vectors (MVF,i , MVB,i) for field i of the direct mode block are calculated as follows:

Z = -TDB,i x 256 / TDD

MVF,i = (Z x MV + 128) >> 8

W = Z – 256


MVB,i = (W x MV + 128) >> 8
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Figure 7. The current macroblock is in field mode and the list 1 co-located macroblock is in frame mode when the list 1 reference picture is in temporally following direction
Case 4: The current macroblock is in frame mode and the list 1 co-located macroblock is in field mode

If the list 0 reference picture for the direct mode occurs temporally earlier than the current B picture and the list 1 reference picture occurs temporally later than the B picture as shown in Figure 8 (a), then the list 0 and list 1 motion vectors (MVF , MVB) for the direct mode block are obtained as described in FCD. 

If both the list 0 and list 1 reference pictures for the direct mode occur temporally later than the current B picture and the list 0 reference picture occurs temporally later than the list 1 reference picture as shown in Figure 8 (b), then two motion vectors (MVF , MVB) of the direct mode block are calculated as follows:

Z = TDB x 256 / TDD,0

MVF = (Z x MV0 + 128) >> 8

W = Z – 256


MVB = (W x MV0 + 128) >> 8
In addition, it is also possible that the list 0 motion vector of the co-located block in filed 0 of the list 1 reference frame points to field of the frame that occurs temporally later than the current B picture as shown in Figure 8 (c). That is, if both the list 0 and list 1 reference pictures for the direct mode occur temporally later than the current B picture and the list 0 reference picture occurs temporally earlier than the list 1 reference picture, then two motion vectors (MVF , MVB) of the direct mode block are calculated as follows:

Z = -TDB x 256 / TDD,0

MVF = (Z x MV0 + 128) >> 8

W = Z – 256


MVB = (W x MV0 + 128) >> 8
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Figure 8. The current macroblock is in frame mode and the list 1 co-located macroblock is in field mode when the list 1 reference picture is in temporally following direction
2.2 List 1 reference picture for direct mode occurs temporally earlier than B picture 

In this case, both the list 0 and list 1 reference pictures for the direct mode always occur temporally earlier than the current B picture.

Case 1: Both the current macroblock and the list 1 co-located macroblock are in frame mode

According to our motion vector usage of the co-located block in the list 1 reference picture, Figure 4 (a) (c) (e) (g) (h) are simplified to Figure 9 (a), and Figure 4 (b) (d) are simplified to Figure 9 (b). 
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Figure 9. Both the current macroblock and the list 1 co-located macroblock are in frame mode when the list 1 reference picture is in temporally preceding direction
If the list 0 reference picture occurs temporally earlier than the list 1 reference picture as shown in Figure 9 (a), then the list 0 and list 1 motion vectors (MVF, MVB) for the direct mode are calculated as follows:

Z = TDB x 256 / TDD

MVF = (Z x MV + 128) >> 8

W = Z – 256


MVB = (W x MV + 128) >> 8
where TDB is the temporal distance between the current B picture and the list 0 reference frame and TDD is the temporal distance between the list 1 reference frame and the list 0 reference frame.

If the list 0 reference picture occurs temporally later than the list 1 reference picture as shown in Figure 9 (b), then two motion vectors (MVF, MVB) of direct mode block are calculated as follows:

Z = -TDB x 256 / TDD

MVF = (Z x MV + 128) >> 8

W = Z – 256


MVB = (W x MV + 128) >> 8
Case 2: Both the current macroblock and the list 1 co-located macroblock are in field mode

If the list 0 reference picture occurs temporally earlier than the list 1 reference picture as shown in Figure 10 (a) and (b), then the list 0 and list 1 motion vectors (MVF,i , MVB,i) for filed i of the direct mode block are calculated as follows: 

Z = TDB,i  x 256 / TDD,i

MVF,i = (Z x MVi + 128) >> 8

W = Z – 256


MVB,i = (W x MVi + 128) >> 8
In addition, it is also possible that the list 0 motion vector of the co-located block in field i of the list 1 reference frame points to the field that occurs temporally later than its own filed as shown in Figure 10 (c) and (d). That is, if the list 0 reference picture occurs temporally later than the list 1 reference picture, then two motion vectors (MVF,i , MVB,i) for field i of the direct mode block are calculated as follows:

Z = -TDB,i x 256 / TDD,i

MVF,i = (Z x MVi + 128) >> 8

W = Z – 256


MVB,i = (W x MVi + 128) >> 8
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Figure 10. Both the current macroblock and the list 1 co-located macroblock are in field mode when the list 1 reference picture is in temporally preceding direction
Case 3: The current macroblock is in field mode and the list 1 co-located macroblock is in frame mode

If the list 0 reference picture occurs temporally earlier than the list 1 reference picture as shown in Figure 11 (a), then the list 0 and list 1 motion vectors (MVF,i , MVB,i) for filed i of the direct mode block are calculated as follows: 

Z = TDB,i  x 256 / TDD

MVF,i = (Z x MV + 128) >> 8

W = Z – 256


MVB,i = (W x MV + 128) >> 8
In addition, it is also possible that the list 0 motion vector of the co-located block in the list 1 reference frame points to the frame that occurs temporally later than its own frame as shown in Figure 11 (b). That is, if the list 0 reference picture occurs temporally later than the list 1 reference picture, then two motion vectors (MVF,i , MVB,i) for field i of the direct mode block are calculated as follows:

Z = -TDB,i x 256 / TDD

MVF,i = (Z x MV + 128) >> 8

W = Z – 256


MVB,i = (W x MV + 128) >> 8
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Figure 11. The current macroblock is in filed mode and the list 1 co-located macroblock is in frame mode when the list 1 reference picture is in temporally preceding direction
Case 4: The current macroblock is in frame mode and the list 1 co-located macroblock is in field mode

Since field 1 of the list 1 reference frame is temporally close to the current B picture, it is used in calculating the motion vectors for the direct mode blocks. If the list 0 reference picture occurs temporally earlier than the list 1 reference picture as shown in Figure 12 (a), then the list 0 and list 1 motion vectors (MVF , MVB) for the direct mode block are calculated as follows:

Z = TDB  x 256 / TDD,1

MVF = (Z x MV1 + 128) >> 8

W = Z – 256


MVB = (W x MV1 + 128) >> 8
In addition, it is also possible that the list 0 motion vector of the co-located block in filed 1 of the list 1 reference frame points to field of the frame that occurs temporally later than its own frame as shown in Figure 12 (b). That is, if the list 0 reference picture occurs temporally later than the list 1 reference picture, then two motion vectors (MVF , MVB) of the direct mode block are calculated as follows:

Z = -TDB x 256 / TDD,0

MVF = (Z x MV0 + 128) >> 8

W = Z – 256


MVB = (W x MV0 + 128) >> 8
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Figure 12. The current macroblock is in frame mode and the list 1 co-located macroblock is in field mode when the list 1 reference picture is in temporally preceding direction
3. Simulation

For performance evaluation of the proposed temporal direct mode, we have tested IBBB sequence pattern under the common test conditions (VCEG-N81) except that 30 fps and 300 frames are used for all sequences. The decoding order in the test is same to output order such as I B1 B2 B3 B4 B5 B6 … and this indicates that both list 0 and list 1 reference pictures for B picture are in the temporally preceding direction. And we used JM 4.2 reference codec employing spatial direct mode in order to check if the proposed temporal mode shows the comparable performance against the spatial direct mode. Besides, we followed FCD description if the co-located macroblock is an intra-coded block, that is, the direct motion vectors are set to zero and the list 0 reference picture for the direct mode is the most recent temporally preceding stored picture.

JVT-E097.xls shows the coding gain of the proposed temporal direct mode compared to the spatial direct mode of the FCD. Furthermore we have also tested an additional simulation as an alternative of our proposal based on the FCD, in which the list 0 motion vector is unconditionally chosen for the direct mode motion vector calculation if the list 1 co-located block has both list 0 and list 1 motion vectors. From the simulation results, the proposed temporal direct mode shows better performance than the spatial direct mode for some sequences (news, container, silent, paris) and worse performance for some sequences (foreman, tempete, mobile). In addition, the results show the proposed method is a little bit better than the alternative based on FCD. 

It was already reported that the temporal and spatial methods are beneficial tools for direct mode and they provide distinctively different performances for different types of sequences. Our simulation shows that our temporal direct mode provides the comparable performance against the spatial direct mode. Therefore, the simulation proves that the proposed temporal direct mode is acceptable.

Consequently, the list 0 and list 1 motion vectors for direct mode are computed as scaled versions of the motion vector of the co-located block in the list 1 reference picture and 
the list 0 reference picture for direct mode is the same as the reference picture that the motion vector of the list 1 co-located block points to. For example, consider that if the co-located block has only list 1 motion vector, the motion vector is used for direct mode motion vector calculation. Besides, if the co-located block has both list 0 and list 1 motion vectors, the motion vector pointing to the temporally closest reference picture is selected for direct mode motion vector calculation. Otherwise, the list 0 motion vector is selected. 
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