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1. Introduction

In VCEG-L27[1] a new picture type, SP-picture, has been proposed. The proposed picture type has the property that identical SP-pictures can be obtained even when they are predicted using different reference frames. This feature provides functionalities for bitstream switching, random access, error recovery/resilience, fast forward and fast backward. Prior art solutions for some of these applications include I-frames and S-frames [2]. In [1] the results of coding efficiency of SP pictures are reported in comparison with I-frames while in this document, in response to comments and discussions on SP-frames [1] during Eibsee Meeting, we provide comparison with S-frames.

2. S-frames

Farber et al.[2] introduced S-frames which are used during switching between bitstreams. Figure 1 depicts a switching example from bitstream 2 to bitstream 1 at time n using an S-frame. S-frame is generated by encoding the nth reconstructed frame in bitstream 1 using motion compensated prediction. The reference frame is the (n-1) st frame from bitstream 2.  
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Figure 1. S-frame architecture.

Note that S-frame and the n th reconstructed frame in bitstream 1 are using different reference frames. Therefore unlike I-pictures and SP-pictures, S-pictures introduce drift (the discrepancy between the reconstructed frames in the decoder and encoder). This discrepancy is not limited to the reconstructed frames the switch is occurring at. It may propagate to the future frames due to the use of:

1) Motion-compensated predictive coding

2) Loop filter

3) Intra coding with prediction.
To minimize drift, the quantization parameter used for the S-frame should be kept small. In the following simulations, QP=3 is used. This choice conforms with the QP value suggested in [2] to ensure that the initial PSNR difference is below 0.2 dB. 
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Figure 2 Illustration of switching with S-frames, QP (S-frame) =3, QP1=19 and QP2=13.

In Figure 2 examples of switching between bitstreams using S-frames are presented. The PSNR profiles of bitstream encoded with QP=19, bitstream encoded with QP=13 and 2 bitstreams created by switching between them are given. At both times, we switch from the bitstream encoded with QP=19 to the bitstream encoded with QP=13 but at different frames, namely at 10th and 20th frame. As can be seen from Figure 2, PSNR values of the reconstructed frames after the switch diverge away from the values of the frames from the "target" bitstream – bitstream that we are switching to. Moreover, the drift becomes more pronounced when multiple switches occur, as illustrated in Figure 3 – it becomes larger than 1.5 dB after the last switch between bitstreams. The drift could be reduced by using even smaller QP values for S-pictures however that would increase S-picture sizes, which as it will be shown in the next section, are already substantial.
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Figure 3 Multiple Switching between bitstreams with S-frames, QP(S-frame)=3, QP1=19 and QP2=13.

3. Comparison with SP-frames

In this section we present a brief comparison of SP- and S- frames. Table 1 and Table 2 list the average frame sizes of S- and SP-frames. The average is taken over 10 S-frames (SP-frames) used to switch between 2 bitstreams at different locations. We switch from the bitstream encoded with QP1 to the bitstream encoded with QP2 where the values of QP1 and QP2 are given next to the sequence name in the first column of Table 1 and Table 2. Notice that in Table 1 the switch always takes place from the lower to higher quality bitstream and in Table 2 from the higher to lower quality bitstream. In both cases sizes of S-frames are considerably larger than that of SP-frames. The differences are larger when the switch occurs from higher to lower quality bitstream. For example, for the "news" sequence, the average size of S-frame is 3.4 times larger than that of SP-frame when QP1=25 and QP2=19 (Table 1) and 6.18 times larger when QP1=19 and QP2=25 (Table 2). Similar results can be observed for the rest of the sequences.

Sequence (QP1-QP2)
S-frame size
SP-frame Size, S12

Foreman (22-16)
68938
28304

Hall (19-13)
58290
26329

Container (19-13)
60808
28430

News (25-19)
69921
20610

Table 1 Comparison of average I, S and SP-frame sizes that would be used during switching from bitstream encoded with QP1 to the bitstream with QP2.

Sequence (QP1-QP2)
S-frame size
SP-frame Size, S12

Foreman (16-22)
61950
15563

Hall (13-19)
55409
13694

Container (13-19)
52973
14485

News (19-25)
66566
10766

Table 2 Comparison of average I, S and SP-frame sizes that would be used during switching from the better quality bitstream.

Sequence      (QP1-QP2)
Periodic I-frame
S-frames
SP-frames
% Differ. Btw.SP and I-frames
% Differ. Btw.SP and S-frames


PSNR
Total Bits
PSNR
Total Bits
PSNR
Total Bits



Container (25-19)
33.17
294561
32.84
412124
32.87
229422
28
80

News (25-19)
33.48
466260
33.28
586703
33.11
389091
20
51

Foreman (22-16)
35.27
894110
35.08
1012345
35.13
857023
4
18

Hall (19-13)
38.20
740551
37.91
721157
38.08
594827
24
21

Table 3 PSNR and Total Bits over 100 frames for the multiple switching example with S and SP-frames.

In the following we investigate the influence of S- and SP- frames sizes on the average PSNR and bitrate of the sequence when there are multiple switches between bitstreams. The bitstream for which PSNR and bitrate is measured is generated by switching 4 times between 2 different quality bitstreams. Switch occurs every other second and the first switch tales place from the higher to lower quality bitstream. Frame rate of all the sequences is 10 frames/sec. Also included in Table 3 is the performance of the periodic intra-coding approach. Here, one frame every second is encoded as an I-frame (coding efficiency of this scheme in comparison with SP-frames were reported in [1]). It can be noted that the total number of bits required with SP-frames is considerably less than both with S-frame and periodic intra-coding approaches. For example, for the "container" sequence approximately 1.8 times or 80 percent more bits are required with S-frames while PSNR of SP approach is still slightly higher. Similarly, periodic-intra approach requires 1.3 times more bits than the SP-frame approach. 

In Table 4 we further illustrate the performance of each scheme when there is no switching between bitstreams. These results are previously reported in [1] and repeated here for the completeness of the current document.

Sequence (QP)
Periodic I-frames
S-frames
SP-frames
% Differ. Btw.SP and I-frames
% Differ. Btw.SP and S-frames


PSNR
Total Bits
PSNR
Total Bits
PSNR
Total Bits



Container (25)
30.82
183651
30.59
91655
30.41
109566
67
-16

Container (19)
34.78
371338
34.57
208643
34.53
232508
60
-10

News (25)
30.88
305617
30.75
199771
30.47
217500
41
-8

News (19)
35.23
578068
35.14
408082
34.9
432388
34
-6

Foreman (22)
32.73
562057
32.74
476294
32.54
507101
11
-6

Foreman (16)
36.96
1132016
36.94
973322
36.85
1020080
11
-5

Hall (19)
35.65
436376
35.69
264648
35.5
289364
51
-8

Hall (13)
39.91
953771
39.96
676407
39.91
711762
34
-5

Table 4 PSNR and Total Bits over 100 frames when there is no switching with S and SP-frames and periodic-intra coding.

It can be seen from Table 4 that when there is no switching, the performance of periodic-intra coding is significantly lower than that of S and SP-frames.  Note that S-frame approach has the best coding efficiency that is the P-pictures performance in this case. The difference between S-picture and SP-picture coding efficiency is however quite small. 

4. Summary

We have illustrated the resulting performances of different schemes that are being used for switching between bitstreams. The first case considered, S-frame approach, introduces drift which becomes significant when there are multiple switches between bitstreams. May be more importantly, the switching frames used in S-frame approach are very large. As the number of switching between bitstreams increases, PSNR vs. bitrate performance significantly degrades.  Furthermore, since the S-frames are very large, it is necessary to employ large buffers on the receiver side.

SP-frames, on the other hand, provide drift-free switching between bitstreams and their sizes are considerably smaller than S-frames. In case when there is no switching between bitstreams, S-frames provide slightly better performance than SP-frames. However, with multiple switching, SP-frames provide significantly better PSNR vs. bitrate performance than S-frames. We have also included results of the periodic intra-coding approach. It is again noted that SP-frames provide better PSNR vs bitrate performance. In [3] we present a modified SP-frame encoding that provides flexibility to improve the coding efficiency of SP-frames. 
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