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ABSTRACT

We propose to remove the reference sample pre-filtering of the Intra_8x8 prediction for H.264/AVC lossless coding. Experimental results show that reduced bitrate can be achieved with lower computational costs. Besides, the corresponding statement changes of this scheme are also proposed for the H.264/AVC standard.

1. Problem Statement
Recently, as demands for high quality images increase rapidly, lossless coding has been introduced to the H.264/AVC standard [1]. H.264/AVC lossless coding inherits many techniques from the lossy coding of the standard and good compression efficiency has been reported.
For the luma component H.264/AVC lossless coding still adopts 3 intra prediction modes – Intra_4x4, Intra_8x8 and Intra_16x16 like the lossy coding. As far as the Intra_8x8 mode is concerned, an 8x8 block may be predicted based on the neighbouring 25 samples as shown in Figure 1. There are 9 prediction mode directions in the Intra_8x8 mode. Except the DC prediction (mode direction 2), the other 8 mode directions are illustrated in Figure 2, where mode direction 0 and 1 denote respectively the vertical and horizontal prediction with SbS DPCM [2] applied in the case of lossless coding.
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Figure 1.  Illustration of the Intra_8x8 prediction.
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Figure 2.  Intra_8x8 prediction mode directions.
According to the H.264/AVC standard, in the Intra_8x8 mode neighbouring samples shall be filtered before used for prediction [1]. But for H.264/AVC lossless coding the filtering process may reduce the correlation between the neighbouring samples and the samples to be predicted and lead to low prediction efficiency. So we propose to remove the reference sample pre-filtering of the Intra_8x8 mode in the case of H.264/AVC lossless coding. And the experiments validating the effectiveness of our scheme are shown in the next section.
2. Experiments
After being implemented in the JM 17.2 software [3], the proposal is evaluated with representative 4:2:0 sequences. In the experiment, the first 100 frames of every sequence are lossless intra encoded with CABAC applied and only the Intra_8x8 mode is used for the luma component.
Here we compare the performance of 3 methods. Method 0 follows the latest H.264/AVC standard [1] and denotes all the 9 mode directions of the Intra_8x8 mode use filtered reference samples; method 1 denotes mode direction 0 and 1 use unfiltered reference samples, while the other 7 mode directions use filtered ones; method 2 follows the proposed scheme and denotes all the 9 mode directions use unfiltered reference samples. Then the experimental results for the first 100 frames of every sequence are shown in Table 1, where size reduction of method 1 and method 2 is calculated respectively as follows:
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Table 1.  Experimental results for the first 100 frames of every sequence.
	Format
	Sequence
	Resultant File Size (bytes)
	Size Reduction (%)

	
	
	Method 0
	Method 1
	Method 2
	Method 1
	Method 2

	176x144
	Bus
	2,977,515
	2,934,532
	2,934,700
	1.4436
	1.4379

	
	Container
	2,043,627
	2,008,416
	2,007,600
	1.7230
	1.7629

	
	Football
	2,452,557
	2,433,708
	2,433,241
	0.7685
	0.7876

	
	Foreman
	2,223,736
	2,213,921
	2,191,000
	0.4414
	1.4721

	
	Mobile
	3,891,290
	3,870,065
	3,869,358
	0.5454
	0.5636

	
	Mother and Daughter
	1,961,717
	1,949,646
	1,947,629
	0.6153
	0.7181

	
	News
	1,981,960
	1,951,147
	1,949,344
	1.5547
	1.6456

	
	Paris
	3,038,618
	2,980,419
	2,979,703
	1.9153
	1.9389

	
	Tempete
	3,389,645
	3,359,350
	3,359,667
	0.8938
	0.8844

	352x288
	Bus
	10,699,260
	10,552,584
	10,551,851
	1.3709
	1.3777

	
	Football
	7,805,827
	7,752,872
	7,747,473
	0.6784
	0.7476

	
	Foreman
	7,034,812
	7,002,453
	6,956,883
	0.4600
	1.1078

	
	Mobile
	13,974,705
	13,885,636
	13,874,032
	0.6374
	0.7204

	
	Mother and Daughter
	6,741,063
	6,693,873
	6,685,012
	0.7000
	0.8315

	
	News
	6,677,217
	6,593,277
	6,589,296
	1.2571
	1.3167

	
	Paris
	9,529,289
	9,284,917
	9,281,930
	2.5644
	2.5958

	
	Tempete
	11,328,251
	11,256,642
	11,256,685
	0.6321
	0.6317

	704x576
	City
	33,058,766
	32,578,718
	32,571,705
	1.4521
	1.4733

	
	Crew
	24,193,048
	24,076,022
	24,076,115
	0.4837
	0.4833

	
	Harbour
	32,138,856
	31,567,414
	31,564,929
	1.7780
	1.7858

	
	Soccer
	26,313,545
	26,061,112
	26,055,188
	0.9593
	0.9818

	1280x720
	BigShips
	60,862,456
	60,277,475
	60,255,863
	0.9612
	0.9967

	
	City
	66,672,652
	66,018,583
	66,001,885
	0.9810
	1.0061

	
	Crew
	47,214,838
	47,038,100
	47,038,523
	0.3743
	0.3734

	
	Harbour
	67,047,973
	66,578,524
	66,572,729
	0.7002
	0.7088

	
	Raven
	48,054,323
	48,073,188
	48,063,309
	-0.0393
	-0.0187

	
	Sheriff
	47,576,036
	47,271,219
	47,263,692
	0.6407
	0.6565

	
	ShuttleStart
	34,153,519
	33,984,716
	33,983,869
	0.4942
	0.4967

	
	SpinCalendar
	79,808,428
	79,295,782
	78,490,797
	0.6423
	1.6510


From the experimental results we can see that both method 1 and method 2 achieve bit saving for most sequences (except for 1280x720 Raven), and in most cases method 2 saves more bits than method 1 (except for 176x144 Bus, 176x144 Tempete, 352x288 Tempete, 704x576 Crew and 1280x720 Crew). Furthermore, since method 2 removes the filtering operations for all the 9 mode directions and hence no reference sample pre-filtering is needed, method 2 requires the lowest computation costs as well. In a word, our scheme, i.e. method 2, can achieve higher coding efficiency for H.264/AVC lossless coding.
3. Proposed Statement Changes
Option 1
In subclause 8.3.2.2 “Intra_8x8 sample prediction”, there is the statement:
“
The reference sample filtering process for Intra_8x8 sample prediction in subclause 8.3.2.2.1 is invoked with the samples p[ x, y ] with x = −1, y = −1..7 and x = 0..15, y = −1 (if available) as input and p′[ x, y ] with x = −1, y = −1..7 and x = 0..15, y = −1 as output.
”
Based on the effectiveness of our scheme, we propose to remove the reference sample pre-filtering of the Intra_8x8 prediction for H.264/AVC lossless coding and modify the statement as follows:
“
If TransformBypassModeFlag is equal to 0, the reference sample filtering process for Intra_8x8 sample prediction in subclause 8.3.2.2.1 is invoked with the samples p[ x, y ] with x = −1, y = −1..7 and x = 0..15, y = −1 (if available) as input and p′[ x, y ] with x = −1, y = −1..7 and x = 0..15, y = −1 as output.
else p′[ x, y ]= p[ x, y ], with x = −1, y = −1..7 and x = 0..15, y = −1 (if available).
”
Option 2

Or in a more complex manner, whether the reference samples shall be filtered may be decided at the macroblock level.
Specifically, for any p[x, y] with x=-1, y=-1..7 and x=0..15, y=-1 (if available)
if TransformBypassModeFlag of the macroblock that p[x, y] belongs to is 0
p[x, y] is used for prediction after filtering,
else
p[x, y] is used for prediction directly.
4. Conclusion

In this proposal, we propose to remove the reference sample pre-filtering of the Intra_8x8 prediction for H.264/AVC lossless coding. And experimental results show that this scheme can achieve reduced bitrate with lower computational costs. So we recommend adopting the scheme and the corresponding statement changes.
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