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Introduction

In VCEG-O-47[1], we have proposed new frame types called, SI-frames, to be used in conjunction with SP-frames[2], [3]. The prediction block in SI-frames is formed identically to Intra-frames whereas the rest of the decoding of the SI-frames is similar to SP-frames. The resulting property of the proposed frame is that SI-frame/slice makes use of only spatial prediction and identically reconstructs a corresponding SP-frame/slice which makes use of motion-compensated prediction. This property provides functionalities in random access, splicing and error resiliency/recovery. Please refer to [4] for detailed discussion of each of these functionalities. 

We have since then provided the software[7] that implements SI-frames in TML 9.0 and the corresponding software tools to demonstrate the usage of SI-frames in random access and bitstream switching.

In the following we provide a description of SI-pictures and an example of how an SP-frame can be converted into an SI-frame, i.e., SI-frame encoding. These descriptions are copied from VCEG-O-47, for the completeness of this document.

SI-pictures

The basic principle with SP-frames[2][3] is the tranform and quantization of the predicted block. In the current SP-frames, these steps are applied to the motion-compensated predicted block. We propose a new S- frame type called SI-frame that are similar to I-frames, i.e., employing spatial prediction for a block from the neighboring pixels, whereas the blocks are reconstructed as in SP-frames, i.e., applying the transform and quantization steps for the predicted block from the intra prediction. An additional macroblock type, as illustrated in Table 1, is defined to denote if the current macroblock is an SI or the normal intra. Otherwise, all the syntax elements and their interpretation, e.g., prediction modes and forming the prediction block etc., for this mode is the same as in I-pictures while the decoding of the SI blocks is identical to the SP-frames with the exception of the generation of the predicted block. 

Table 1 Macroblock Types for SI-pictures

	Code Number
	MB_type

	
	Intra
	SIntra

	0
	Intra-4x4
	SIntra-4x4

	1
	0,0,0
	Intra-4x4

	2
	1,0,0
	0,0,0

	3
	2,0,0
	1,0,0

	4
	3,0,0
	2,0,0

	5
	0,1,0
	3,0,0

	6
	1,1,0
	0,1,0

	7
	.
	1,1,0

	8
	.
	.

	9
	.
	.


SP-to-SI frame Conversion

In the following we provide an example how an SP-frame can converted into an SI-frame. Note that SP-frames consist of intra(4x4 or 16x16) and inter-type macroblocks. Since intra type macroblock encoding/decoding in SP-frames is identical to that of intra-macroblocks in I and P-type pictures, the bitstream for intra-type macroblocks from SP-frames are copied into SI-pictures with minor alteration. Specifically, the MB_type value is altered to reflect Intra 4x4 in SI-pictures. Therefore, in the following we focus on conversion of inter-type macroblocks from SP-frames into SI-macroblocks in SI-frames.


An inter-type macroblock in an SP-frame is decoded by the reconstructed levels which are calculated by:



L_rec
=
(level*Fq1q2+C_pred*A(QPSP)+ fx2^20)/2^20;

where 

F(QP1,QP2)= (A(QPSP)x220 + A(QP)/2)/ A(QP);
and level denotes the received prediction error coefficient levels and C_pred denotes the transform coefficients of the motion compensated predicted block and A(.) is defined in [5]. Here QP and QPSP denote the quantization parameters for the prediction error block and the predicted block, respectively.


In order to have identical reconstruction of an SP-macroblock to be calculated as above, SI macroblocks are encoded as follows: First set QP= QPSP and calculate the difference levels:


Level_SI
=
L_rec -  L_intra

Where L_intra is the quantized transform coefficients of the predicted block from an intra-prediction. A search over the possible intra prediction modes is performed such that the encoding of the difference levels together with the prediction modes leads to the least number of bits similar to intra-type macroblock coding. 

Results

In the following we report simulation results based on the recommended conditions in [6] with TML 8.5. In the simulations, all the frames are encoded as SP-frame except the first frame which is an I-frame and later all the SP-frames are converted into SI-frames or I-frames. Here, we compare the two cases: SI-frame approach and the intra coding with a simple DC prediction ( in this case, dc prediction is done in the coefficient domain rather than spatial domain to have identical reconstruction of the SP-frame). Table 2 illustrates the results of the proposed scheme in terms of the bitrate reduction in % from the I-picture approach. Only the bitrate reductions are reported since the SI and I-frames have identical reconstruction of the corresponding SP-frame, i.e., same PSNR values. The results indicate bitrate savings from 5 to 25%.
	QP
	Container
	Foreman
	News
	Silent
	Tempete
	Mobile

	16
	14.79
	13.42
	13.19
	11.54
	10.92
	5.68

	20
	17.07
	13.18
	13.78
	12.26
	11.47
	5.43

	24
	22.74
	18.68
	17.97
	18.07
	7.48
	8.85

	28
	25.52
	16.36
	15.78
	16
	7.27
	8.38

	
	
	
	
	
	
	

	Ave.Bitrate Diff.* (%)
	20.12
	15.58
	15.39
	14.74
	9.23
	7


Table 2 Performance improvement (Bjontegaard Delta bitrate savings in %) of SI-pictures wrt to I-pictures (with only dc prediction) when both identically reconstructs an SP-frame.

Summary

We have presented a new SP-picture type called SI-pictures. SI-pictures make use of the existing coding blocks for SP-frames and the syntax elements for I-frames with the exception of the additional macroblock type. This new picture-type provides functionalities in random access, splicing and error resiliency/recovery.
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