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1. Introduction

Many types of video material, such as news, movies trailers, and music videos, contain frequent scene cuts. Sometimes scene cuts are abrupt, but in many cases, transitions, such as fades or wipes, are applied. Coding of a scene transition is often a challenging problem from compression efficiency point of view, because motion compensation may not be a powerful enough method to represent the changes between pictures in the transition. A scene transition can also be composed so that scenes are coded separately and the instructions how to reconstruct the transition are coded and transmitted with the coded picture data. However, known methods falling into this category have some shortcomings briefly presented in section 4. The paper proposes a method for coding scene transitions in a scalable and efficient manner.

2. Proposal

2.1 Overview

The proposed coding method is described using an example illustrated in Figure 1. There is a cross-faded scene transition between the two scenes. The first presented frame is the last normal picture in the first scene (Coastguard). The second frame consists of Coastguard with 67 % intensity and Foreman with 33 % intensity. The third frame contains Coastguard with 33 % intensity and Foreman with 67 % intensity. The fourth frame is first normal picture of the upcoming scene. Notice that the sequences contain movement.
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Figure 1. Cross-faded scene transition.

Pictures in scene 1 (Coastguard) are coded independently from pictures in scene 2 (Foreman). The reconstructed pictures from the two scenes, called component images, are stored in the multi-picture buffer to enable efficient motion compensation during the transition. The cross-faded scene transition is composed from component pictures for display purposes only. Overlapping component images are overlaid so that the top picture is partially transparent. The bottom picture is also called as the source picture. The cross-fade is defined as a filter operation between a source picture and the top picture.

The scene transition can be coded scalably or non-scalably in terms of bit-rate. In scalable coding of the scene transition, scalability layers and sub-sequences proposed in JVT-B042 are applied. The top component pictures are placed in their own sub-sequence in an enhancement layer. Thus, streaming servers can discard them for traffic shaping purposes or apply a weaker transport error protection for them. Figure 2 shows the layer and sub-sequence structure of the example. The number after the picture type is the sub-sequence identifier, and pictures having the same sub-sequence identifier lie in the same sub-sequence. An enhancement layer sub-sequence can be discarded. The first presented picture lies in the base layer at the end of the sub-sequence with identifier 0. The remaining pictures in the Coastguard sequence have been placed in the sub-sequence residing in the first enhancement layer. The pictures in the Foreman scene lie in the base layer in their own sub-sequence. If the enhancement layer is not transmitted or decoded, the cross-fade becomes an abrupt scene change as illustrated in Figure 3.
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Figure 2. Layer and sub-sequence structure for cross-faded scene transition.
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Figure 3. Result of enhancement layer disposal.

2.2 Modifications to Slice Header

A new slice type, Overlay (O) slice, is defined, and assigned to first free UVLC code index relative to the current slice type definition. If O slice is indicated, the following additional UVLC fields are present in the slice header:

Slice coding type (SCT). This field indicates the slice coding type (Intra, Inter, B, etc.). An overlay slice shall not be indicated again.

Source direction (SDIR). If this field is zero, the source picture for filtering is coded earlier than the current picture, and its picture number shall be calculated by subtracting SPND from the current picture number (in modulo MAX_PN arithmetic). If this field is one, the source picture is coded later than the current picture, and its picture number shall be calculated by increasing the current picture number by SPND (in modulo MAX_PN arithmetic).

Source picture number difference (SPND). The codeword index equals to SPND-1. SDIR and SPND indicate the source picture for transition.

Filter identifier (FID). The field indicates the filter to use. Value zero indicates a cross-fade. Other values are reserved for the time being.

Number of filtering parameters (NFP). This field indicates the number of codewords following the current one and defining the specific parameters for filtering. The semantics of the codewords depend on the filter identifier.

The cross-fade filter includes one filtering parameter, namely the opacity of the current slice. It is a value between one and 255, and the UVLC codeword index equals to opacity - 1. Opacity equal to zero would indicate a non-transparent slice and 256 would indicate a fully transparent slice, whereas values between 0 and 256 indicate a linear transition from non-transparent to transparent defined as follows. If A is a pixel in the source picture and B is the spatially corresponding pixel in the current slice, the pixel resulting from the cross-fade operation shall be equal to (A x opacity + (256 – B) x opacity) / 256, where / is division by truncation.

2.3 Random Access to Scene Transitions

Scalable scene transitions are coded according to JVT-B042, whereas non-scalable ones do not require other changes than described in the previous section. The same sequence can contain both scalable and non-scalable scene transitions. Content creators should use non-scalable scene transitions when the exact visual outlook of the transition is essential. Otherwise, scalable transitions should be used. 

Scalable scene transitions typically provide a random access point, as the part of the transition lying in the enhancement layer can be safely disposed. Decoding can start from the base layer, as if the scene transition was abrupt. 

Coding and transmission order of the component pictures in a scene transition is not fixed. All pictures in the first scene can be coded and transmitted before any pictures in the second scene. Alternatively, component pictures can be coded and transmitted in ascending order of display time. In any case, a random access to a scene transition may result into a situation where pictures from the previous non-decoded scene are received. These pictures may compensate motion from such pictures that do not exist in the multi-picture buffer of the decoder. Thus, in order to avoid unnecessary confusions of invalid reference pictures, the following text should be added in an appropriate position of the multi-picture buffer section of the standard text:

“If temporal scalability was indicated and if an “Unused” picture was referred to in any multi-picture buffer operation of an O slice, the decoder shall discard the slice.“

2.4 Profile and Level Considerations

The proposal is targeted for “streaming” and “storage” applications. It plays no role in a conversational application, and therefore it is not proposed for baseline.

The syntax or semantics does not limit the number of overlaid component images. For practical implementations, the number has to be fixed. This falls into the scope of level definitions.
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Appendix A. Comparison to earlier solutions

2.5 Introduction

This section lists other solutions to code scene transitions and gives a short analysis on their strengths and weaknesses compared to the proposal.

2.6 Conventional Coding

Pictures within a scene transition can be coded as any other pictures, of course. Coding of a scene transition is often a challenging problem from compression efficiency point of view, because motion compensation may not be a powerful enough method to represent the changes between pictures in the transition. Moreover, if the transition contains sharp edges between content belonging originally to different scenes, coding artifacts may occur in the neighborhood of the edges.

2.7 Weighted Averaging of B Pictures

Q15-K44, which proposed to scale or weigh the calculation of the prediction block based on the distance between a B-picture and its anchor pictures, was adopted in H.26L. This coding method suits faded scene transitions, although we suspect that its compression efficiency might be slightly worse than in the proposed method. B pictures also provide scalability in terms of bit-rate. However, disposal of B pictures causes a fluctuation in picture rate, which is typically considered somewhat annoying. 

2.8 MPEG-4

MPEG-4 allows objects being laid on top of each other. Each object may be associated with an alpha plane that signals its opacity. These features enable coding of scene transitions among other things. However, a separate elementary stream is required for each scene, which makes the system unnecessarily complex. Moreover, video communication systems may have limitations how many simultaneous MPEG-4 visual objects they can support. Finally, there is no mechanism to apply bit-rate scalability.

2.9 SMIL 2.0

The SMIL 2.0 standard (http://www.w3.org/TR/smil20/) allows use of transition filters to any renderable elements, such as images and video. A filtering process is applied to one source or between two sources, and the filtering output is rendered in a specified viewing area. The filter defines a transition from the origin to the destination. The state of the transition is modeled with a progress parameter, and all other parameters of the transition are assumed to be part of the filter effect itself. A transition filter is applied during a specified period in the presentation time-line. SMIL 2.0 does not allow accurate synchronization of the transition effect to the rendered media, but the accuracy of timing is up to implementations. The SMIL 2.0 standard defines a number of wipes and fades. Implementations can ignore non-supported transitions safely but no bit-rate scalability of the media is defined. 
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