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1. summary

We propose an indicator that signals if a slice group is coded so that it compensates motion only from the same slice group in previous pictures. The indicator is conveyed with the Supplemental Enhancement Information (SEI) mechanism. The indicator can be used to achieve reduced delay, bit-rate, and computation scalability in applications using gradual decoder refresh and in applications that scale coded video content to different display sizes. 

2. Introduction

The JVT FCD includes a new error resilient coding tool called Flexible Macroblock Order (FMO), which allows partitioning a picture into up to 8 slice groups. The MB partitioning into slice groups is according to the MB allocation map. Six types of MB allocation map are supported. One of the six MB allocation types is to code one or more “foreground” regions and one leftover region. Typically this type is applied for region-of-interest coding and unequal error protection. The three types for changing slice groups are used in the cases that one evolving region and the leftover region are coded as two different slice groups. These types are typically applied to achieve simultaneously gradual decoder refresh (JVT-C074) and improved error resiliency (JVT-C073).

3. Proposal

We propose syntax and semantics for an indicator that signals if a slice group is coded so that it compensates motion only from the same slice group in previous pictures. Since the indicator is not necessary for normal decoding, we propose to signal it in the motion-constrained slice group SEI message. 

Note that even though no motion compensation occurs over slice group boundaries, loop filtering is still performed on slice group boundaries. Thus, motion-constrained slice groups are not totally independent. However, we have previously found that the prediction leak caused by incorrect sample values in loop filtering over slice group boundaries is subjectively negligible. Consequently, sample values that are approximately correct in content can be achieved by decoding only the motion-constrained slice groups. This property can be used in gradual decoder refresh, for example.

In the following, we first give the syntax design of the proposed SEI message, and then exemplify two use cases.

4. Proposed Syntax and semantics

The proposed syntax for the motion-constrained slice group SEI message is:

	motion_constrained_slice_group ( PayloadSize ) {
	Category
	Descriptor

	slice_group_id
	7
	u(v)

	}
	
	


The proposed semantics for the message are as follows:

The motion-constrained slice group SEI message concerns a set of consecutive coded pictures in decoding order. This set is referred to as the target picture set. If the target picture is an IDR picture, the target picture set ranges from the target picture (inclusive) to the next IDR picture (exclusive). If the target picture is not an IDR picture and if mb_allocation_map_type 4, 5, or 6 is in use, the target picture set ranges from the target picture (inclusive) to the next IDR picture (exclusive) or to the target picture of the next motion-constrained slice group SEI message (exclusive), whichever is earlier in decoding order. If none of the conditions above is fulfilled, the decoder should infer an error.

slice_group_id identifies the slice group in which inter prediction is constrained. The indicated slice group is herein referred to as the target slice group. Note that the size, shape, and location of the target slice group may change within the target picture set.

The motion-constrained slice group SEI message specifies that no sample values outside the target picture set and the target slice group shall be used to inter-predict sample values inside the target picture set and the target slice group.

If the target picture is not an IDR picture, the motion-constrained slice group SEI message also specifies that a complete decoded picture that is approximately correct in content shall be obtained within the target picture set by decoding only the target slice group of the pictures in the target picture set.

5. USE CASES 

5.1 Gradual Decoder Refresh

Motion-constrained changing slice groups can provide gradual decoder refresh and gradual random access functionalities and better error resiliency at the same time (JVT-C072~C074). 

A practical application is video streaming under error prone environments. In video streaming, a user may want to start from or jump to an arbitrary position at the stream. With the motion-constrained slice group indicator, the server can respond to such requests by sending only the foreground slice group. Thus bandwidth can be saved or the stream can be transmitted faster and displaying started earlier compared to a conventional case, in which the server has to transmit all the bits.

Similar advantages can be taken when performing random access to stored video content, if the motion-constrained slice group indicator exists. The decoder can decode and display only the foreground slice group to achieve faster random access and save computations.

5.2 Multimedia Messaging Service

5.2.1 Background

It is common that the display size of different models of handheld terminals vary to some extent. For example, some terminals may support up to sub-QCIF images, whereas other can support QCIF images. 

The Multimedia Messaging Service (MMS) can be considered as a continuation of the famous Short Message Service (SMS) of GSM mobile networks. A simplified flow of operations in an MMS transaction is as follows: First, a user creates a message. For example, he can shoot a video clip with his mobile camera phone. After creating the message, he selects a receiver and sends the message. In practice, an audio-video message is stored according to the 3GPP flavor of the ISO media file format (.3GP) and uploaded to an MMS server using a reliable transport protocol. Then, depending on the capabilities of the receiver terminal, user preferences, and the capabilities of MMS network elements, the message is either downloaded or streamed to the receiving terminal. 

5.2.2 Problem

The receiver capabilities, including the screen size, are not known when encoding the multimedia message. It is possible to encode video streams to an agreed maximum size (e.g. QCIF). The question is how to convey these video contents to receivers that can only display picture of a smaller size (e.g. sub-QCIF). Downscaling QCIF to sub-QCIF is a solution, but it requires heavy computations and may result in downscaling artifacts. Another possibility is to code the pan-scan rectangle SEI message for a sub-QCIF part of the image. However, the decoder needs to decode the whole picture and then display only the rectangular regions indicated in the pan-scan SEI message. The expensive computation power for decoding the leftover regions other than the displayed region is purely wasted. In addition, the expensive bandwidth transmitting those bits for the leftover regions is also wasted.

5.2.3 Proposed Solution

To solve such a problem, we propose the following method. The encoder creates video streams in maximum (QCIF) size. When encoding, a motion-constrained slice group having a certain smaller size (e.g. sub-QCIF) is encoded. With the indicator, the messaging server can achieve bit-rate scalability by skipping transmitting the bits for the leftover regions, and the decoder can achieve computation reduction by avoiding decoding the leftover regions. The proposed method is feasible because typically there are only a couple of foreseen display sizes, such as QCIF and sub-QCIF on handheld terminals.

With the proposed signaling, the MMS server can decide how to transmit a requested service according to the request type with the display size. If the display size is big enough and there is no shortage of bit-rate in the transmission channel, the server should transmit entire pictures. Otherwise the server should transmit the foreground slice group only.

5.2.4 Analysis

To demonstrate that the proposal can really reach good bit-rate scalability or good bit-rate reduction in MMS, we acquired the bit-rate share between foreground and background of the sequences Foreman, Carphone, Coastguard, Hall and News. The method was by simulating sub-picture coding (VCEG-O46, VCEG-O57, JVT-B040) implemented based on JM-1.4. The foreground region partitions were as same as described in JVT-B040. Constant quantization parameter 16 was used for all the sequences. The bit-rates of both the background and the overall picture were calculated. The results bit-rates (unit: kbps) and the background bit-rates percentages are shown below.

                 Background/Overall    percentage of background

Foreman:      
68.55/103.38      

66.3%

Carphone:       
52.90/101.68      

52.1%

Coastguard:   
129.39/251.74        
51.4%

Hall:   

21.41/46.68         

45.9%

News:         
17.00/76.66          
22.2%

From the above results, we can see that: 1) For sequences with moderate to large motion in background such as Foreman, Carphone and Coastguard, more than 50% bit-rate may be saved; 2) For sequences with low motion such as Halls and News, 20% to 50% bit-rate may be saved. This proves that the proposed method may do a good job in MMS.
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