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Introduction

Intra coding in the TML allows for 4x4 and 16x16 prediction modes. For blocks of size 4x4 pixels there are 6 including a DC prediction and 5 direcitional prediction modes. 16x16 pixel blocks can be predicted using DC, horizontal, vertical and plane prediction. 

In this paper, the application of variable block sizes for intra prediction and transform coding using  variable block size transforms (VBST) is proposed. The prediction techniques employed in the current TML are extended and modified to fit the larger block sizes. For transform coding, the integer transforms that were proposed for ABT are employed. 

Intra prediction is employed to reduce the energy of the prediction error that has to be transmitted. However, the correlation in the intra predicition error signal is higher than for inter coded blocks. Therefore, the application of larger transform blocks is beneficial and leads to an improved intra coding gain. 

New Intra Coding Method

For the new intra coding method, the TML intra macroblock modes are replaced by the macroblock modes used for inter coding (16x16, 16x8, 8x16, 8x8, 8x4, 4x8, 4x4). Therewith, the number of subblocks inside a macroblock varies from 1 to 16. 

For each macroblock mode, the 6 prediction modes that are used for TML 4x4 intra prediction can be employed. The modifications to these prediction modes are described in the next subsection. For the new intra coding method, the macroblock mode and the prediction modes for the subblocks have to be encoded and transmitted to the decoder. Note that the overall number of encoded prediction modes strongly decreases with the proposed method, since the larger subblock sizes require fewer prediction modes.

We use the following notation: The pixels in a block with N pixels and M rows are referenced as

P(i,j),    i = 0,..,N-1,   j = 0,..,M-1

The vector of adjacent pixels that are used for prediction is denoted by V(n), e.g. for the pixels above the current block: V(n) = P(n,-1), n = 0,…,N-1.

Prefiltered Prediction

The prediction modes given in the TML can be extended to larger block sizes. The prediction method is simply extended in the same way, as is was done in the 4x4 block.

However, a straight forward application of the TML intra prediction modes for larger block sizes leads to severe artifacts in the prediction signal. These artifacts have to be avoided to enable an efficient prediction. 

Here, a solution is presented that uses prefiltered prediction for block boundaries that are larger than 4 pixels. Before applying the prediction vector V(n), it is prefiltered by a size dependent lowpass filter. We use a 3-tap filter for boundaries of length 8 and a 5-tap filter for boundaries of length 16.  The coefficients of the boundary filters are given below. 

	Length
	Filter Coefficients
	

	8
	7  18  7
	/32

	16
	3  7  12  7  3
	/32


[image: image3.wmf]At the boundaries of the prediction vector, the last value is repeated. Thus, the influence of that pixel is strengthened at the boundary. An example for the impact of the prefiltering on the predicted block is given in Figure 1.

Transform Coding

For transform coding of the remaining prediction error Varibale Block Size Transforms (VBST) are employed. These were proposed for inter coding with ABT. The employed integer transforms as well as the quantization are identical to the ones used for inter coding. For details, see [VCEG-N49].

Encoding of the Prediction Modes and the Coefficients

For encoding of all symbols of the new intra mode, CABAC is employed. The macroblock modes that are used for intra macroblock modes in the TML are replaced by the TML inter macroblock modes. The inter MB mode coding technique is employed here. 

The prediction modes for the subblocks inside a macroblock are encoded in pairs using the TML intra prediction mode coding technique. The formation of two prediction modes with (Prob0,Prob1) into one code word remains unchanged. For mode 1 (16x16), a second subblock does not exist. Here, the probability of the prediction mode is encoded as (Prob0,0).

The quantized coefficients are encoded using the technique described for ABT coefficients coding [VCEG-N49]. Here, a separate set of contexts is used for the intra coefficients. Currently, the contexts are initialized with the same values as for inter coefficients coding. 

Mode Decision

The overall performance of the proposed intra coding scheme is highly dependent on a careful selection of the proper transform size and the applied prediction mode. The mode selection for variable block size intra coding is performed in two steps. First, all possible prediction modes for each macroblock mode are applied and the best prediction mode is selected. Second, the macroblock mode with the minimum overall cost is identified. 

Currently, a separate RD selection is performed. The rate is estimated using 1st order entropy measurements which were generated on a training set and stored in a look-up table. The integration of the intra mode decision into the TML RDopt routines will be given later.

We use the rate/distortion criterion for decision of the macroblock mode and prediction mode. The best mode is used for encoding. The complexity of the mode decision can be reduced, e.g. by using the SATD for prediction mode selection.

Simulation Results

The technique was implemented into TML8.0 using the ABT transform, quantization, and coefficients encoding. These techniques were presented at the last meeting. CABAC was used for encoding of the coefficients. The TML RD optimization was used for the reference curves. For the new intra coding method, the RD optimization described above was used.

Results are given for the test sequences defined in the common conditions document [VCEG-N81]. Three settings were tested:


TML
: the original TML intra coding technique


VBST
: the proposed intra coding technique


SVBST
:
simplified VBST technique. Here the maximum transform block size is 
 


reduced to 8x8 coefficients. The prefiltered prediction is not changed. This 
 


technique corresponds to the SABT proposal [VCEG-O30].

In order to judge the performance of the scheme on a broader basis, the encoder were modified to allow for I-frame only coding. The sequences were encoded intra-only with a skip of 5. I.e. 50 frames of a 300 frames sequences were coded to average the intra coding performance. QP = 16, 20, 24, 28 was used for the experiments.

The resulting RD plots of all three coders are given in the Appendix of this document. Table 1 gives the difference in terms of rate and PSNR as calculated using the Bjontegaard measurement method [VCEG-M33]. Both, VBST and SVBST intra coding are compared to the performance of the original TML intra coding technique. 

Visual examples for the improved subjective performance of VBST and SVBST are given in Figures 2 and 3.

	Test Sequences
	VBST average % 
bit savings (avsnr)
	VBST average dB
PSNR gain (avsnr)
	SVBST average % 
bit savings (avsnr)
	SVBST average dB
PSNR gain (avsnr)

	Container QCIF
	1.05
	0.077
	-0.72
	-0.045

	Foreman QCIF
	2.83
	0.168
	2.11
	0.125

	News QCIF
	3.25
	0.270
	2.86
	0.238

	Silent QCIF
	5.23
	0.288
	4.70
	0.259

	Paris CIF
	2.47
	0.199
	1.96
	0.159

	Mobile CIF
	3.01
	0.270
	2.81
	0.252

	Tempete CIF
	4.09
	0.293
	3.49
	0.251

	average 
	3.13
	0.22
	2.46
	0.18


Table 1: Objective comparison between the two VBST proposals and TML intra coding.

Discussion

The RD results reveal an improved overall performance of the proposed scheme with respect to the original TML intra coding technique. The gains increase at higher rates. Some minor additional gain can be expected if the VBST intra mode selection is integrated into the TML RD optimization routines.

The subjective quality is generally improved by the the VBST schemes. More detail is preserved.

Conclusion

A variable block size intra coding technique is presented that includes variable block size transforms for encoding of the prediction error. The scheme improves the RD performance of the intra coding scheme by up to 0.5 dB. The visual quality of the intra frames is improved. 

We propose to set up a core experiment on VBST intra coding. The technique is proposed to be integrated into a high complexity high efficiency profile. The impact of the new intra coding technique on inter frame coding has to be studied. In particular, the impact on cyclic I-frames has to be investigated.
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Figure 2 :  Example for the improved subjective quality provided by coding with VBST. Depicted is the 1st frame of Paris CIF at QP=20. Left: TML intra coding. Right: VBST intra coding.
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Figure 3 :  Example for the improved subjective quality provided by coding with SVBST. Depicted is the 1st frame of Paris CIF at QP=20. Left: TML intra coding. Right: SVBST intra coding.

Appendix – Rate/Distortion Plots
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Figure 1 Prediction of a 8x8 block using the TML prediction mode 1 (skew prediction from top left). The last row of the top adjacent macroblock is used for prediction. Left: Mode 1 is applied without prefiltering. Right: Prefiltering is applied first. 
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