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1. Introduction

We found some fundamental issues are not explicitly defined in the draft of professional extension, when we implemented the software. In this contribution, some methods to fix those problems are proposed. 
2. Block order

Block order(number) is not defined in the draft explicitly. The order must be specified in the spec explicitly. For example, MPEG-2 4:2:2 profile and MPEG-4 studio profile uses the following block order.
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Figure 2‑1: Block order for 4:2:2 specified in MPEG-2 and MPEG-4
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Figure 2‑2:Block order for 4:4:4 specified in MPEG-4

We propose the same block order for professional extension. In this case, the data in the bitstream for 4:2:2 is as follows.
1. 2x4 DC of Cb4 and Cb6
2. 2x4 DC of Cr5 and Cr7
3. AC of Cb4
4. AC of Cr5
5. AC of Cb6
6. AC of Cr7
The alternative approach is to transmit all of the data for each component at the same time. 

3. Monochrome
Monochrome format is included in the table of chroma_format_idc, however, normative decoding procedure is not defined for this chroma format. It should be defined in explicitly in the spec. Since many application uses monochrome format in studio, this format should be supported by professional extension. Therefore we propose to define normative decoding procedures and syntax for this format.
In order to support the format, the following issues must be extended.

· Syntax of picture parameter set

· Syntax of

· Syntax of mb_pred

· Syntax of residual data

· Semantics of mb_type

· Semantics of coded_block_pattern

3.1 Picture parameter set

The syntax of picture parameter set should be changed as follows.

	if ( profile_idc != ??? )
	
	

	
chroma_qp_index_offset
	1
	se(v)

	else if (chroma_format_idc !=0) {
	
	

	
cb_qp_index_offset
	1
	se(v)

	
cr_qp_index_offset
	1
	se(v)

	}
	
	


3.2 Prediction weight table

The syntax for the prediction weight table should be changed as follows.
	pred_weight_table( ) {
	C
	Descriptor

	
luma_log2_weight_denom
	2
	ue(v)

	
chroma_log2_weight_denom
	2
	ue(v)

	
for( i = 0; i <= num_ref_idx_l0_active_minus1; i++ ) {
	
	

	

luma_weight_l0_flag
	2
	u(1)

	

if( luma_weight_l0_flag ) {
	
	

	


luma_weight_l0[ i ]
	2
	se(v)

	


luma_offset_l0[ i ]
	2
	se(v)

	

}
	
	

	    if(chroma_format_idc != 0) {
	
	

	

chroma_weight_l0_flag
	2
	u(1)

	

if( chroma_weight_l0_flag )
	
	

	


for( j =0; j < 2; j++ ) {
	
	

	



chroma_weight_l0[ i ][ j ]
	2
	se(v)

	



chroma_offset_l0[ i ][ j ]
	2
	se(v)

	


}
	
	

	    }
	
	

	
}
	
	

	
if( slice_type  = =  B )
	
	

	

for( i = 0; i <= num_ref_idx_l1_active_minus1; i++ ) {
	
	

	


luma_weight_l1_flag
	2
	u(1)

	


if( luma_weight_l1_flag ) {
	
	

	



luma_weight_l1[ i ]
	2
	se(v)

	



luma_offset_l1[ i ]
	2
	se(v)

	


}
	
	

	      if(chroma_format_idc != 0) {
	
	

	


chroma_weight_l1_flag
	2
	u(1)

	


if( chroma_weight_l1_flag )
	
	

	



for( j = 0; j < 2; j++ ) {
	
	

	




chroma_weight_l1[ i ][ j ]
	2
	se(v)

	




chroma_offset_l1[ i ][ j ]
	2
	se(v)

	



}
	
	

	      }
	
	

	

}
	
	

	}
	
	


3.3 mb_pred

The syntax of mb_pred should be changed as follows.

Macroblock prediction syntax

	mb_pred( mb_type ) {
	C
	Descriptor

	
if( MbPartPredMode( mb_type, 0 )  = =  Intra_4x4  | |  


MbPartPredMode( mb_type, 0 )  = =  Intra_16x16 ) {
	
	

	

if( MbPartPredMode( mb_type, 0 )  = =  Intra_4x4 )
	
	

	


for( luma4x4BlkIdx=0; luma4x4BlkIdx<16; luma4x4BlkIdx++ ) {
	
	

	



prev_intra4x4_pred_mode_flag[ luma4x4BlkIdx ]
	2
	u(1) | ae(v)

	



if( !prev_intra4x4_pred_mode_flag[ luma4x4BlkIdx ] )
	
	

	




rem_intra4x4_pred_mode[ luma4x4BlkIdx ]
	2
	u(3) | ae(v)

	


}
	
	

	    if(chroma_format_idc != 0)
	
	

	

intra_chroma_pred_mode
	2
	ue(v) | ae(v)

	
} else if( MbPartPredMode( mb_type, 0 )  !=  Direct ) {
	
	

	

for( mbPartIdx = 0; mbPartIdx < NumMbPart( mb_type ); mbPartIdx++)
	
	

	


if( ( num_ref_idx_l0_active_minus1 > 0  | |





mb_field_decoding_flag ) &&  




MbPartPredMode( mb_type, mbPartIdx )  !=  Pred_L1 )
	
	

	



ref_idx_l0[ mbPartIdx ]
	2
	te(v) | ae(v)

	

for( mbPartIdx = 0; mbPartIdx < NumMbPart( mb_type ); mbPartIdx++)
	
	

	


if( ( num_ref_idx_l1_active_minus1  >  0  | |





mb_field_decoding_flag ) &&  




MbPartPredMode( mb_type, mbPartIdx )  !=  Pred_L0 )
	
	

	



ref_idx_l1[ mbPartIdx ]
	2
	te(v) | ae(v)

	

for( mbPartIdx = 0; mbPartIdx < NumMbPart( mb_type ); mbPartIdx++)
	
	

	


if( MbPartPredMode ( mb_type, mbPartIdx )  !=  Pred_L1 )
	
	

	



for( compIdx = 0; compIdx < 2; compIdx++ )
	
	

	




mvd_l0[ mbPartIdx ][ 0 ][ compIdx ]
	2
	se(v) | ae(v)

	

for( mbPartIdx = 0; mbPartIdx < NumMbPart( mb_type ); mbPartIdx++)
	
	

	


if( MbPartPredMode( mb_type, mbPartIdx )  !=  Pred_L0 )
	
	

	



for( compIdx = 0; compIdx < 2; compIdx++ )
	
	

	




mvd_l1[ mbPartIdx ][ 0 ][ compIdx ]
	2
	se(v) | ae(v)

	
}
	
	

	}
	
	


3.4 Syntax of residual data

The syntax of residual data should be changed as follows.

Residual data syntax

	residual( ) {
	C
	Descriptor

	
if( !entropy_coding_mode_flag )
	
	

	

residual_block = residual_block_cavlc
	
	

	
else
	
	

	

residual_block = residual_block_cabac
	
	

	
if( MbPartPredMode( mb_type, 0 )  = =  Intra_16x16 )
	
	

	

residual_block( Intra16x16DCLevel, 16 ) 
	3
	

	
for( i8x8 = 0; i8x8 < 4; i8x8++ )  /* each luma 8x8 block */
	
	

	

for( i4x4 = 0; i4x4 < 4; i4x4++ )  /* each 4x4 sub-block of block */
	
	

	


if( CodedBlockPatternLuma & ( 1 << i8x8 ) ) { 
	
	

	



if( MbPartPredMode( mb_type, 0 )  = =  Intra_16x16 )
	
	

	




residual_block( Intra16x16ACLevel[ i8x8 * 4 + i4x4 ], 15 ) 
	3
	

	



else
	
	

	




residual_block( LumaLevel[ i8x8 * 4 + i4x4 ], 16 ) 
	3 | 4
	

	


} else {
	
	

	



if( MbPartPredMode( mb_type, 0 )  = =  Intra_16x16 )
	
	

	




for( i = 0; i < 15; i++ ) 
	
	

	





Intra16x16ACLevel[ i8x8 * 4 + i4x4 ][ i ] = 0
	
	

	



else
	
	

	




for( i = 0; i < 16; i++ )
	
	

	





LumaLevel[ i8x8 * 4 + i4x4 ][ i ] = 0
	
	

	


}
	
	

	  if(chroma_format_idc!=0) {
	
	

	
for( iCbCr = 0; iCbCr < 2; iCbCr++ )
	
	

	

if( CodedBlockPatternChroma & 3 )  /* chroma DC residual present */ 
	
	

	


residual_block( ChromaDCLevel[ iCbCr ], 4 )
	3 | 4
	

	

else
	
	

	


for( i = 0; i < 4; i++ )
	
	

	



ChromaDCLevel[ iCbCr ][ i ] = 0
	
	

	
for( iCbCr = 0; iCbCr < 2; iCbCr++ )
	
	

	

for( i4x4 = 0; i4x4 < 4; i4x4++ )
	
	

	


if( CodedBlockPatternChroma & 2 )  




/* chroma AC residual present */ 
	
	

	



residual_block( ChromaACLevel[ iCbCr ][ i4x4 ], 15 )
	3 | 4
	

	


else
	
	

	



for( i = 0; i < 15; i++ )
	
	

	




ChromaACLevel[ iCbCr ][ i4x4 ][ i ] = 0
	
	

	  }
	
	

	}
	
	


3.5 coded_block_pattern

It should be explicitly specify the restriction on coded_block_pattern for monochrome format. For example, 

If chroma_format_idc is equal to zero, CodedBlockPatternChroma shall be equal to zero.

3.6 mb_type
If CodedBlockPatternChroma is restricted to be zero, mb_type should be restricted in the same way. For example, mb_type for I slice should be restricted as follows.


If chroma_format_idc is equal to zero, mb_type for I slice shall be the value from 1 to 4 and from 13 to 16.

Table 7‑8 – Macroblock types for I slices

	mb_type
	Name of mb_type
	MbPartPredMode
( mb_type, 0 )
	Intra16x16PredMode
	CodedBlockPatternChroma
	CodedBlockPatternLuma

	0
	I_4x4
	Intra_4x4
	na
	na
	na

	1
	I_16x16_0_0_0
	Intra_16x16
	0
	0
	0

	2
	I_16x16_1_0_0
	Intra_16x16
	1
	0
	0

	3
	I_16x16_2_0_0
	Intra_16x16
	2
	0
	0

	4
	I_16x16_3_0_0
	Intra_16x16
	3
	0
	0

	5
	I_16x16_0_1_0
	Intra_16x16
	0
	1
	0

	6
	I_16x16_1_1_0
	Intra_16x16
	1
	1
	0

	7
	I_16x16_2_1_0
	Intra_16x16
	2
	1
	0

	8
	I_16x16_3_1_0
	Intra_16x16
	3
	1
	0

	9
	I_16x16_0_2_0
	Intra_16x16
	0
	2
	0

	10
	I_16x16_1_2_0
	Intra_16x16
	1
	2
	0

	11
	I_16x16_2_2_0
	Intra_16x16
	2
	2
	0

	12
	I_16x16_3_2_0
	Intra_16x16
	3
	2
	0

	13
	I_16x16_0_0_1
	Intra_16x16
	0
	0
	15

	14
	I_16x16_1_0_1
	Intra_16x16
	1
	0
	15

	15
	I_16x16_2_0_1
	Intra_16x16
	2
	0
	15

	16
	I_16x16_3_0_1
	Intra_16x16
	3
	0
	15

	17
	I_16x16_0_1_1
	Intra_16x16
	0
	1
	15

	18
	I_16x16_1_1_1
	Intra_16x16
	1
	1
	15

	19
	I_16x16_2_1_1
	Intra_16x16
	2
	1
	15

	20
	I_16x16_3_1_1
	Intra_16x16
	3
	1
	15

	21
	I_16x16_0_2_1
	Intra_16x16
	0
	2
	15

	22
	I_16x16_1_2_1
	Intra_16x16
	1
	2
	15

	23
	I_16x16_2_2_1
	Intra_16x16
	2
	2
	15

	24
	I_16x16_3_2_1
	Intra_16x16
	3
	2
	15

	25
	I_PCM
	na
	na
	na
	na


4. Deblocking Filter
The method to extend Deblocking Filter to 4:4:4 is described in JVT-I047d2 to a certain extent. However, it is not explicitly specified to support 4:2:2. This proposal proposes how to extend deblocking filter to support 4:2:2.

4.1 Proposal

4.1.1 Edge
In the case of 4:2:2, a boundary becomes as it is shown in Figure 2‑1.
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Figure 5‑1 Boundaries in a macroblock to be filtered 
(luma boundaries shown with solid lines and chroma boundaries shown with dashed lines)
Although the filtering to vertical edge might be the same as 4:2:0, filtering of chroma to horizontal edge could be considered in the same way applying to luminance. We believe the natural extension is to apply the luma deblocking filter to the horizontal edge of chroma. Therefore, we compared two method. The results are reported in the following sections. If the method for 4:4:4 in JVT-I047d2 was verified and if the subjective quality is improved, the same method should be taken into account for the horizontal edge of chorma block boundary.
4.2 Simulation

In order to verify the proposal, the results are reported.

4.2.1 Test Conditions

The following test conditions are used for our experiments. The software to support 4:2:2 is implemented based on JM61e. 

Software: JM61e + 4:2:2 extensions

GOP: n 15 m 3

Entropy coding: CABAC

RD optimization: On

Picture coding Type: frame

Bitdepth: 8 bit

Chroma format: 4:2:2

Color space: YUV

Sequence: src13, src15(mobile), src19(football), src22(tempete)

Number of frames: 118 frames

4.2.2 Results (snr)

	
	QP
	chroma filter
	luma filter

	
	
	snr Y
(dB)
	snr U
(dB)
	snr V
(dB)
	bit rate
(Kbps)
	snr Y
(dB)
	snr U
(dB)
	snr V
(dB)
	bit rate
(Kbps)

	src13
	28
	35.39
	36.58
	38.72
	3996
	35.38
	36.53
	38.69
	4000

	
	40
	27.42
	32.36
	33.86
	667
	27.42
	32.37
	33.86
	669

	src15
	28
	32.95
	36.43
	37.09
	5469
	32.95
	36.36
	37.01
	5483

	
	40
	24.58
	32.62
	32.99
	835
	24.58
	32.57
	32.95
	838

	src19
	28
	35.57
	38.59
	40.03
	3850
	35.56
	38.55
	40
	3848

	
	40
	28.23
	33.74
	36.69
	691
	28.23
	33.78
	36.71
	691

	src22
	28
	34.08
	36.81
	37.49
	3008
	34.08
	36.67
	37.36
	3025

	
	40
	26.78
	33.25
	34.83
	457
	26.77
	33.18
	34.78
	457


The comparison of luma filtering method and chroma filtering method is summarized in the following table. 

Table 1: Comparison of the filtering methods for the chroma horizontal edge
4.2.3 Result (quality of image)

The reconstructed picture that applied the filter of chroma, and the picture that applied the filter of luminance are shown in Figure 3‑1 and Figure 3‑2. Figure 3‑2 of the smoothness of red balloon and the form of blue balloon is better.
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Figure 5‑2 applied filter of chroma
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Figure 5‑3 applied filter of luminance
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