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_____________________________
Introduction

Existing approaches handle the 3D (or stereo-view) video mainly as separate frames. The most straightforward method is to code two views separately (as option 1 in Figure 1) into separate video streams. To reduce the complexity of bitstream handling, synchronized frames from each view can also be grouped together to form a composite frame (as option 2 in Figure 1), and then coded into one single bitstream. This option has been used to service the stereo video (based on MPEG-4) through public broadcasting network during the 2002 World Cup Soccer Games in Korea (as reported in MPEG document N5416). We therefore propose to use this option for 3D applications based on the H.264 baseline profile. 
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Figure 1: Illustration of stereo-view video coding options 1-3.

In addition to treating stereo-view video frames as separate frames or a composite video frame (as option 2 in Figure 1), we could also consider the sequence as interlaced materials. For example, as illustrated in Figure 1 as option 3, we have the left view picture as the top field and the right view as the bottom field. It is then straightforward to code the interlaced video frames using existing interlace coding methods in H.264. It will enable better compression and better bitstream handling. In the meanwhile, we propose a scalable decoding option that only implies a little restriction on the encoder side. The scalable option means that at least one view (or field) can be decoded independently without referring to bitstream of the other view (or filed). This option is important for devices without 3D display functionality. To enable this scalable coding option, first, all pictures must be coded in field-picture mode. Secondly, at least one field (either top or bottom) is self-contained; and for a self-contained field, the corresponding field pictures can only use previously coded field pictures with the same parity as reference for motion compensation. 

Proposed Syntax 

To signal the stereo video coding option, a simple message (such as an VUI message) can be sent together with the coded bitstream.

	vui_parameters( ) {
	C
	Descriptor

	…
	…
	…

	
stereo_video_info_present_flag
	0
	u(1)

	
if( stereo_video_info_present_flag ) {
	
	

	        if(frame_mbs_only_flag)
	
	

	            left_side_is_left_view
	0
	u(1)

	        else {
	
	

	

     top_field_is_left_view
	0
	u(1)

	            top_field_self_contained
	0
	u(1)

	            bot_field_self_contained
	0
	u(1)

	        }
	
	

	
}
	
	

	…
	…
	…

	}
	
	


stereo_video_info_present_flag equal to 1 specifies that the each video frame is composed of two stereo video frames and the corresponding stereo video information is present. stereo_video_info_present_flag equal to 0 specifies that no stereo video information is present.

When frame_mbs_only_flag is 1, composite video frames will be decoded from the video stream.

left_side_is_left_view equal to 1 specifies that the left half of a frame correspond to a left view of the stereo video. left_side_is_left_view equal to 0 specifies that the right half of a frame correspond to a left view of the stereo video. 

When frame_mbs_only_flag is 0, interlaced video frames will be decoded from the video stream.

top_field_is_left_view equal to 1 specifies that the top field in a frame correspond to a left view of the stereo video. top_field_is_left_view equal to 0 specifies that the bottom field in a frame correspond to a left view of the stereo video.

top_field_self_contained equal to 1 specifies that a top field picture only use previously decoded top field picture as references; all top field pictures are decodable without decoding any bottom field slices. top_field_self_contained equal to 0 specifies that a top field picture may use previously decoded bottom field picture as references.

bot_field_self_contained equal to 1 specifies that a bottom field picture only use previously decoded bottom field picture as references; all bottom field pictures are decodable without decoding any top field slices. bot_field_self_contained equal to 0 specifies that a bottom field picture may use previously decoded top field picture as references.

NOTE: when either top_field_self_contained or bot_field_self_contained is equal to 1, all pictures are coded in field-picture mode.

Experiments

Experiments are conducted to evaluate the coding performance using the H.264 verification model JM7.3 software. The encoding parameters are: 

5 reference frames, +/- 32 pixel motion search range, 30 fps, 15-frame GOP with IPPP, RD-optimization, CABAC, fixed QP of 28/32/36, frame resolution (single view) 4:2:0 QVGA (320x240), and 300 pairs of views per sequence. 

The stereo sequences are coded in four settings:

1. Full frame coding (as option 2 in Fig. 1);

2. Field coding (top_field_ self_contained = bot_field_ self_contained = 0); 
3. Scalable field coding (top_field_ self_contained = 1, bot_field_ self_contained = 0); and
4. MPEG-4 temporal scalable coding (left view as base layer, right view as enhancement layer, enhancement prediction type 0, based on MPEG-4 VM-18 (Microsoft version)).
MPEG-4 temporal scalable coding is a special case for option 1 in Figure 1. There was an Exploration Experiment (EE3) of stereo video coding performed in MPEG 3DAV AHG. The description of EE3 is available in N5169, and a report was presented in M9186. In conclusion, the proposed method in EE3 could not outperform the method of MPEG-4 with Temporal Scalability, and EE3 has been terminated. As a result of EE3, MPEG-4 Temporal Scalability is so far understood in common among MPEG people as the best way of stereo video coding at this moment. 

The coding performances are shown in Fig.2. Both Setting #2 and Setting #3 have better coding performance than Setting #1; the difference is up to 0.8 dB at relatively high quality side. Compared to Setting #2, Setting #3 has very little overhead of less than 0.1 dB. All first three Settings (H.264) are significantly better than the last one (MPEG-4).
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Figure 2: Coding performance comparison.
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