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1. Introduction
A new lossless Intra coding method based on DPCM (Differential Pulse Code Modulation) is proposed. The H.264 High 4:4:4 profile [1] uses a multi-directional spatial prediction method to reduce the spatial redundancy by using block boundary pixels. In the proposed lossless Intra coding method, the spatial prediction residuals are transformed to the residual DPCMs. Also, the proposed method based on DPCM is designed not to break the decoder pipeline processing. The proposed lossless Intra coding based on DPCM is applied after the existing H.264 horizontal and vertical prediction. The proposed lossless Intra coding method based on residual DPCM reduced the bit rate by approximately 12.53 % in comparison with the lossless Intra coding method included in the H.264 standard.
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Fig. 1. Block diagram of the proposed lossless Intra Residual DPCM.

H.264 High 4:4:4 profile uses block-based intra predictions such as the 16
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4 Green block predictions, and the 16
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16 Red and Blue block predictions defined in the FRExt profile [1], which support lossless coding [2-3]. In order to perform lossless Intra coding in H.264 High 4:4:4 profile, prediction and entropy coding are performed. The proposed residual DPCM is performed using pixel-by-pixel prediction (DPCM) instead of block-based prediction since DPCM, which utilizes the prediction from the spatially nearest pixels, results in better coding efficiency. However, DPCM in the encoder breaks the pipeline processing when it is used in the same way as that in the decoder. Therefore, we also designed the residual DPCM in order to circumvent the problem of the broken pipeline in the decoder. The proposed residual DPCM enables block-based prediction without breaking the pipeline processing in the decoder. By using the proposed residual DPCM, the proposed Intra lossless coding method achieved a better compression ratio than the lossless Intra coding in the H.264 High 4:4:4 profile.
As a reference, the results were cross-verified by Sharp Lab. using YUV 4:2:0 data format at the Redmond meeting [4] and were cross-verified by Samsung AIT using RGB 4:4:4 data format in the Redmond meeting [5]. The proposed method can be called pixel-wise prediction.
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Fig. 1. Intra4x4 and Intra8x8 prediction mode for 9 directions
2. Proposed Lossless Intra Coding
2-1. Introduction to H.264 Intra prediction
H.264 FRExt uses several types of spatial predictions such as the 16
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16 Red block and 16
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16 Blue block predictions. For the 16
[image: image12.wmf]´

16 block prediction, the entire set of MB pixels of the color components are predicted from the boundary pixels of the neighboring previously-decoded MBs. The 16
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16 block prediction makes use of four different prediction methods, viz. the vertical, horizontal, DC and planar modes. For the vertical and horizontal prediction in H.264 High 4:4:4 profile, the pixels of an MB are predicted from the decoded pixels situated immediately above or to the left of the current MB, respectively. The 8
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8 block Intra prediction is performed in a similar way to the 4
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4 block Intra prediction to be described in the next paragraph. The 4
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4 block Intra prediction can be alternatively selected based on the block-based bitrate value in the encoder. The pixels in the 4
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4 block are predicted from the neighboring pixels situated above and/or to the left of the current 4
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4 block, and one mode among the nine different directional prediction modes, as illustrated in Fig. 1, can be selected in the encoder in which DC prediction (mode 2) is not shown in Fig. 1. Each prediction direction uses the previously-decoded block boundary pixels to predict the pixels in the 4
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4 block. As an example, the horizontal prediction in H.264, which is mode 1 in Fig. 1, is performed as follows, as shown in Fig. 2:
r0 = p0-q0
r1 = p1-q0
r2 = p2-q0
r3 = p3- q0                                                                 (1)
The residuals pixels, r0, r1, r2 and r3, in eq. (1) that are predicted from the block boundary pixels are sent from the encoder to the decoder and the decoder subsequently reconstructs the residual pixels, and the original pixels, p0, p1, p2 and p3, are then reconstructed from the residual pixels. The processing in the decoder preserves the pipeline processing, since it is implemented in the block-based processing manner. The vertical prediction is performed in a similar way to the horizontal prediction in the vertical direction. Other mode predictions can be referred to from H.264 High 4:4:4 profile document. [1]
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Fig. 2. Boundary pixels and inside pixels for the Intra4x4 prediction.

2.2 Proposed Lossless Intra residual DPCM
In H.264, since the 4
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4 integer DCT and quantization cause data loss due to rounding or shifting operations, the transform and quantization processes are skipped, in order to achieve lossless compression. To perform Intra lossless coding, H.264 uses entropy coding to code the prediction error signals after the Intra predictions. In order to improve the coding efficiency in Intra lossless coding, we propose a method which employs DPCM of the prediction error signals (residual DPCM). By using the proposed method, the coding efficiency can be enhanced, as compared with block-based prediction.
A. Proposed horizontal residual DPCM
When the horizontal prediction (mode 1), as shown in Fig. 1, in the 1st row for the 4
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4 Luma block is performed on the pixels shown in Fig.2, the residuals, r’0, r’1, r’2 and r’3, of each pixel, p0, p1, p2 and p3, are calculated by DPCM as follows:
r'0 = p0-q0
r’1 = p1-p0
r’2 = p2-p1
r’3 = p3-p2                                                                 (2)
In order to maintain the H.264 prediction method, we can derive the following equations from eq. (1) and (2):
r'0 = r0
r’1 = r1-r0
r’2 = r2-r1
r’3 = r3-r2                                                                  (3)
The eq. (3) is called as the residual DPCM (or residual transform) using the residuals of the existing H.264 horizontal prediction method.
The decoder receives the r’0, r’1, r’2 and r’3 and the inverse residual DPCM (or it can be called the inverse residual transform) is performed as follows before the existing horizontal prediction:

r0 = r’0
r1 = r’0+r’1
r2 = r’0+r’1+r’2
r3 = r’0+r’1+r’2+r’3                                                           (4)
And then, the existing H.264 horizontal prediction is performed.
By generalizing eq.(4), we obtain original lossless samples in eq. (5) in the 1st row, as follows:
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                                                  (5)

Horizontal predictions with respect to the other three rows can be performed in a similar way. Eq. (4) completely solves the problem of preserving the pipeline processing in the decoder by applying the inverse residual DPCM.
B. Proposed vertical residual DPCM
The vertical residual DPCM is performed in the similar way to the horizontal residual DPCM.
3. Experimental Results

In this proposal, a lossless Intra coding method based on residual DPCM is proposed. To verify the validity of this method, experiments are performed on several RGB 4:4:4 format test sequences with 1920x1088 and 1920x896 resolutions, as shown in Table 1, all of which have 60 frames and 24 Hz temporal frequencies. Also, CABAC (Context-Adaptive Binary Arithmetic Coding) is used for variable length coding.

In order to evaluate the performance of the proposed method, the H.264 lossless Intra coding algorithm is compared with the proposed residual DPCM. The performance of the proposed method is compared with that of the Intra lossless coding in H.264 High 4:4:4 profile using the RGB 4:4:4 format based on block prediction.
The proposed lossless Intra coding using the proposed horizontal and vertical residual DPCMs is applied to the 16
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4 blocks in the Luma component and 16x16 block in the chroma components. The test conditions using the proposed horizontal and vertical residual transform are shown in Table 1.

Table 1. Test conditions for the proposed lossless Intra residual DPCM coding.
	Test 1 (no syntax change)

	G:  Intra4x4 : proposed horizontal and vertical

 Residual DPCM + existing nine predictions

    Intra8x8 : proposed horizontal and vertical

            Residual DPCM + existing nine predictions

    Intra16x16: proposed horizontal and vertical

             Residual DPCM + existing four predictions

R,B:

Intra16x16 :proposed horizontal and vertical

             Residual DPCM + existing four predictions


In the Table 2, Compression Ratio and Relative Bits (%) are defined as follows:
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Table 2. Lossless Intra experimental results.
	Sequence
	Original Size

(Bits)
	Method
	Bitrates
	Compression Ratio
	Relative Bits(%)

	Rolling Tamatoes

(1920x1088)
	3,760,128,000
	H.264 
	2372234640
	1.5850
	100

	
	
	Proposed 
	2144700368
	1.7532
	90.4084

	Analog_TV_Noise

(1920x1088)
	3,760,128,000
	H.264 
	2518834712
	1.4928
	100

	
	
	Proposed 
	2298983728
	1.6355
	91.2717

	Street_with_Trees

_and Bicycle

(1920x896)
	3,096,576,000
	H.264 
	2179857952
	1.4205
	100

	
	
	Proposed 
	1788283944
	1.7315
	82.0367

	Man_in_Restaurant

(1920x896)
	3,096,576,000
	H.264 
	1844150024
	1.6791
	100

	
	
	Proposed 
	1661276392
	1.8639
	90.0835

	Card_Toss

(1920x1088)
	3,760,128,000
	H.264 
	2798812144
	1.3434
	100

	
	
	Proposed 
	2389957168
	1.5733
	85.3918

	Dinner_Table

(1920x1088)
	3,760,128,000
	H.264 
	2746950496
	1.3688
	100

	
	
	Proposed 
	2352419568
	1.5984
	85.6374

	Average
	
	H.264 
	
	1.4816
	100

	
	
	Proposed 
	
	1.6926
	87.4716323


Based on these experimental results, we can state that the proposed lossless Intra horizontal and vertical residual DPCM shows an improvement in the compression ratio compared with the block-based lossless Intra coding method in H.264 High 4:4:4 profile (JM9.6). The proposed method obtains compression ratio of 1.6926 in the average, the H.264 lossless Intra lossless coding obtains the compression ratios of 1.4816. The proposed residual DPCM saves bits of 12.53% compared with H.264 lossless Intra coding.
4. Conclusion

We suggest that JVT adopt the proposed horizontal and vertical residual DPCM for lossless Intra coding into improved 4:4:4 coding. The proposed method doesn’t change any syntax and any semantics. The proposed method can be combined with H.264 High 4:4:4 profile by adding a sub-clause as shown in the Appendix of this proposal.
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5. Appendix

<Decoding process>
Insert a new subclause 8.5.14 as follows.

8.5.14 Lossless intra residual DPCM process

This process is invoked when qpprime_y_zero_transform_bypass_flag is equal to 1, QP'Y is equal to 0, macroblock prediction mode is equal to intra mode (Intra_4x4, Intra_8x8, Intra_16x16, or Intra chroma) and the prediction mode is equal to the vertical or horizontal mode. 

-   Input to this process is a NxN(4x4 or 8x8 or 16x16) array with elements r’i,j which is either an array relating to a residual DPCM block of a luma component or an array relating to a residual DPCM block of the chroma components.
-   Output of this process is a NxN array with elements ri,j that performed the lossless intra inverse residual DPCM. Also input array and output array are the same size.
ri,j is the intra horizontal and vertical prediction residual at position (i,j).

8.5.14.1 Specification of vertical lossless intra residual DPCM 

This lossless intra residual DPCM shall be used when the prediction mode is equal to the vertical prediction mode before subclause 8.3.1.2.1, 8.3.2.2.2, 8.3.3.1, or 8.3.4.3.
Let the r’i,j be a NxN array that performed the lossless intra residual DPCM. The lossless intra residual DPCM to obtain r’i,j is performed as follows.

r’0,j = r0,j with j = 0..ijMax in luma samples, j = 0..MbWidthC-1 in chroma samples.            (8-421zza)

r’i,j = ri,j – ri-1,j with i = 1..ijMax, j = 0..ijMax in luma samples,                             (8-421zzb) 

with i = 1..MbHeighC-1, j = 0.. MbWidthC -1 in chroma samples.              (8-421zzc)

-  If macroblock prediction mode is equal to Intra_4x4, the ijMax is set equal to 3.

-  If macroblock prediction mode is equal to Intra_8x8, the ijMax is set equal to 7.

-  If macroblock prediction mode is equal to Intra_16x16, the ijMax is set equal to 15.

-  if macroblock prediction mode is equal to Intra_Chroma, MbHeighC and MbWidthC are set equal to 16.

The lossless intra inverse residual DPCM process is performed as follows.

 rij = 
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 with i,j = 0..ijMax in luma samples,                                       (8-421zzd)

with i = 0..MbHeighC-1, j = 0.. MbWidthC -1 in chroma samples.               (8-421zzd)

The subclase 8.3.1.2.1, 8.3.2.2.2, 8.3.3.1, or 8.3.4.3 is performed after the lossless intra inverse residual DPCM.

8.5.14.1.2 Specification of horizontal lossless intra residual DPCM
This lossless intra residual transform shall be used when the prediction mode is equal to the horizontal prediction mode before subclause 8.3.1.2.2, 8.3.2.2.3, 8.3.3.2, or 8.3.4.2.
Let the r’i,j be a NxN array that performed the lossless intra residual DPCM. The lossless intra residual DPCM to obtain r’i,j is performed as follows.

r’i,0, = ri,0 with i = 0..ijMax in luma samples, i = 0..MbHeightC-1 in chroma samples.          (8-421zze)

r’i,j = ri,j – ri,j-1 with i = 0..ijMax, j = 1..ijMax in luma samples,                              (8-421zzf) 

with i = 0..MbHeighC-1, j = 1.. MbWidthC -1 in chroma samples.               (8-421zzg)

The lossless intra inverse residual DPCM process is performed as follows.

 rij = 
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 with i,j = 0..ijMax in luma samples, 

with i = 0..MbHeighC-1, j = 0.. MbWidthC -1 in chroma samples.                (8-421zzh)

The subclase 8.3.1.2.2, 8.3.2.2.3, 8.3.3.2, or 8.3.4.2 is performed after the lossless intra inverse residual DPCM.
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