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1. Summary

A comparison of the progressive refinement (FGS) coding in JSVM 0 [1]

 REF _Ref101082950 \r \h 
[2] and JSVM 1 [3]

 REF _Ref101082958 \r \h 
[4] turned out that the coding efficiency at the end point of a progressive refinement (FGS) layer of JSVM 1 is worse than that of JSVM 0 when 8x8 transforms are used.  In this contribution we solved that problem by a straightforward extension of the cyclical block coding [5] as it is used for 4x4 blocks in the JSVM 1 to 8x8 luma blocks.  The experimental results show that the coding efficiency can be improved between 1% and 6% depending on the number of 8x8 blocks that are selected for a specific test sequence.
2. Background

When comparing the coding efficiency of JSVM 0 and JSVM 1 using the provided configuration files, the problem arises that the quantization parameters specified in the configuration files do not fit to the modified quantizer selection in JSVM 1.  In order to verify the assumption that this difference is only a results of the modified quantizer selection, we performed a comparison between JSVM 0 and the JSVM 1 with the old (JSVM 0) quantizer selection algorithm and identical configuration files.  But even in this comparison, the coding efficiency of the JSVM 1 was worse at the high-rate points (for example, see Figure 1).
Consequently, we analyzed the new tools [5]

 REF _Ref101082991 \r \h 
[6] in JSVM 1 and found that the difference results from an inefficiency of the progressive refinement coding (FGS) for 8x8 luma blocks.  When the base layer is compatible with the H.264/AVC Main Profile, and thus only the 4x4 transform is used for luma blocks, the end points of the progressive refinement layers are virtually identical for JSVM 0 and JSVM 1, and the extraction points in between show a higher reconstruction quality for the cyclical block coding in JSVM 1 as it is illustrated in Figure 2.  However, when the H.264/AVC High Profile is used for the base layer, and thus both the 4x4 and 8x8 transform can be chosen for luma blocks, the coding of the progressive refinement layers with JSVM 1 requires a higher rate (1%-6%) as the coding with JSVM 0 while the PSNR values are identical as it is shown in Figure 3 for the example of the FOOTBALL sequence.
We propose to modify the progressive refinement coding for 8x8 luma blocks in a straightforward way by using the same cyclical block coding algorithm as it is used for 4x4 luma blocks and for chroma blocks in the JSVM 1. 
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Figure 1: Comparison of JSVM 0 and JSVM 1 (without modified quantizer selection) for the coding conditions of Palma CE1 using identical configuration files.
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Figure 2: Comparison of the progressive refinement coding (2 FGS layers) of JSVM 0 and JSVM 1 for H.264/AVC Main Profile compatible base layer (only 4x4 transform for luma blocks).
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Figure 3: Comparison of the progressive refinement coding of JSVM 0 and JSVM 1 for H.264/AVC High Profile compatible base layer (4x4 and 8x8 transform for luma blocks).
3. Proposed changes
We propose the following two changes of the progressive refinement coding:
1. Usage of the cyclical block coding algorithm also for 8x8 luma blocks.  At this, in each cycle for 4x4 luma blocks, 4 cycles for the 8x8 luma blocks are coded.  For this modification, the same syntax elements and the same syntax structure as for 4x4 luma blocks is used, only the maximum index is increased to 64.  The deleted parts in the following syntax diagram are stroked out and marked blue, while the new parts are marked red.  We consider this proposal as a small bug-fix for the current progressive refinement coding.
2. In the current JSVM 1 syntax, a last_significant_coeff_flag is always coded, when the scan index is greater than zero.  However, the last_significant_coeff_flag can only be non-zero, when the current coefficient is not the first non-refinement coefficient.  Here, a coefficient is called refinement coefficient, when the corresponding transform coefficient level in the base layer is non-zero.  Consequently, we propose to modify the syntax in a way that the last_significant_coeff_flag is only coded, when the scan index is greater than a variable scanIdxStart, where scanIdxStart is the scan index of the first non-refinement coefficient.  Although this modification has a very minor impact on the coding efficiency (< 0.5% rate savings), we believe that it represents a logical improvement of the syntax.  The required syntax changes are marked green in the following syntax diagrams.
The required syntax changes for the proposed modifications are shown in the following syntax diagrams.
	luma_coefficient( b4x4IdxY, b4x4IdxX, endCycles, sigBlk ) {
	C
	Descriptor

	
CurrMbAddr = ( b4x4IdxY / 4 ) * PicWidthInMb + ( b4x4IdxX / 4 )
	
	

	
i8x8 = 2 * ( ( b4x4IdxY % 4 ) / 2 ) + ( ( b4x4IdxX % 4 ) / 2 )
	
	

	
i4x4 = 2 * ( b4x4IdxY % 2 ) + ( b4x4IdxX % 2 )
	
	

	
scanIdx = 16
	
	

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

	

idx8x8 = 4 * idx + 2 * ( b4x4IdxY % 2 ) + ( b4x4IdxX % 2 )
	
	

	

if( scanIdx == 16 &&




( ( ! TransformSize8x8Flag  &&  



   LumaLevel[ 4 * i8x8 + i4x4 ][ idx ]  = =  NotCoded  &&



   LumaLevelBase[ 4 * i8x8 + i4x4 ][ idx ]  = =  0 )   | |




 ( TransformSize8x8Flag  &&



   LumaLevel8x8[ i8x8 ][ idx8x8 ]  = =  NotCoded  &&



   LumaLevel8x8Base[ i8x8 ][ idx8x8 ]  = = 0 )))
	
	

	


scanIdx = idx
	
	

	
}
	
	

	
if( scanIdx != 16 )
	
	

	

EndCycles = 0
	
	

	
ScanIdx8x8 = 4 * scanIdx + 2 * ( b4x4IdxY % 2 ) + ( b4x4IdxX % 2 )
	
	

	
if( mb_inside_base_quality_slice( CurrMbAddr ) &&  scanIdx != 16  ) {
	
	

	

if( moreCabacDataInNALUnit( )  &&



coded_block_pattern_bit[ i8x8 ]  = =  NotCoded )  {
	
	

	


coded_block_pattern_bit[ i8x8 ]
	3 | 4
	ae(v)

	


if( coded_block_pattern_bit[ i8x8 ]  = =  0 ) {
	
	

	



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

	




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

	





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

	



for( i = 0; i < 64; i++ )
	
	

	




LumaLevel8x8[ i8x8 ][ i ] = 64
	
	

	


}  else  {
	
	

	



if( moreCabacDataInNALUnit( )  &&





! base_mb_sig( CurrMbAddr )  &&





mb_qp_delta  = =  NotCoded )
	
	

	




mb_qp_delta
	2
	ae(v)

	



if( moreCabacDataInNALUnit( )  &&





transform_size_8x8_flag  = =  NotCoded )  {
	
	

	




transform_size_8x8_flag
	2
	ae(v)

	




TransformSize8x8Flag  =  transform_size_8x8_flag
	
	

	



}
	
	

	


}
	
	

	

}
	
	

	

if( coded_block_pattern_bit[ i8x8 ]  = =  1 )  {
	
	

	


if( ! TranformSize8x8Flag ) {
	
	

	



if( moreCabacDataInNALUnit( )  &&





coded_block_flag_luma[ 4*i8x8 + i4x4 ]  = =  NotCoded ) {
	
	

	




coded_block_flag_luma[ 4*i8x8 + i4x4 ]
	3 | 4
	ae(v)

	




if( coded_block_flag_luma[ 4 * i8x8 + i4x4 ]  = =  0 )
	
	

	





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

	






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

	



}
	
	

	



if( coded_block_flag_luma[ 4 * i8x8 + i4x4 ]  = =  1 ) {
	
	

	




scanIdx = 16
	
	

	




scanIdxStart = 16
	
	

	




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

	





if( scanIdx  = =  16 &&








LumaLevel[ 4 * i8x8 + i4x4 ][ idx ]  = =  NotCoded  &&







base_luma_level( CurrMbAddr, i8x8, i4x4, idx )  = =  0 )
	
	

	






scanIdx = idx
	
	

	





if( scanIdxStart  = =  16  &&







base_luma_level( CurrMbAddr, i8x8, i4x4, idx )  = =  0 )
	
	

	






scanIdxStart = idx
	
	

	




}
	
	

	




if( scanIdx != 16 )
	
	

	





endCycles = 0
	
	

	




if(  scanIdx > 0 scanIdxStart && moreCabacDataInNALUnit( ) )
	
	

	





last_significant_coeff_flag
	3 | 4
	ae(v)

	





if( last_significant_coeff_flag )  {
	
	

	






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

	







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

	






scanIdx = 16
	
	

	





}
	
	

	




}
	
	

	




while( scanIdx < 16 ) {
	
	

	





if( moreCabacDataInNALUnit( ) )
	
	

	






significant_coeff_flag
	3 | 4
	ae(v)

	





if( significant_coeff_flag ) {
	
	

	






if( moreCabacDataInNALUnit( ) )
	
	

	







coeff_sign_flag
	3 | 4
	ae(v)

	






if( moreCabacDataInNALUnit( ) )
	
	

	







coeff_abs_level_minus1
	3 | 4
	ae(v)

	






if( moreCabacDataInNALUnit( ) )
	
	

	







LumaLevel[ 4 * i8x8 + i4x4 ][ scanIdx ] =
	
	

	








(coeff_abs_level_minus1 + 1) * (1 – 2 * coeff_sign_flag)
	
	

	






scanIdx = 16
	
	

	





}  else {
	
	

	






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

	






scanIdx++
	
	

	






while( scanIdx < 16 &&









 base_luma_level( CurrMbAddr, i8x8, i4x4, scanIdx ) ) {
	
	

	







scanIdx++
	
	

	





}
	
	

	




}
	
	

	



}
	
	

	


}  else  {
	
	

	



scanIdx8x8 = 64
	
	

	



scanIdxStart8x8 = 64
	
	

	



for( idx8x8 = 0; idx8x8 < 64; idx8x8++ ) {
	
	

	




if( scanIdx8x8  = =  64 &&







LumaLevel8x8[ i8x8 ][ idx8x8 ]  = =  NotCoded  &&






base_luma_level8x8( CurrMbAddr, i8x8, idx8x8 )  = =  0 )
	
	

	





scanIdx8x8 = idx8x8
	
	

	




if( scanIdxStart8x8  = =  64  &&






base_luma_level8x8( CurrMbAddr, i8x8, idx8x8 )  = =  0 )
	
	

	





scanIdxStart8x8 = idx8x8
	
	

	



}
	
	

	



if(  scanIdx8x8 > scanIdxStart8x8 && moreCabacDataInNALUnit( ) )
	
	

	




last_significant_coeff_flag
	3 | 4
	ae(v)

	




if( last_significant_coeff_flag )  {
	
	

	





for( i = scanIdx8x8; i < 64; i++ )
	
	

	






LumaLevel8x8[ i8x8 ][ i ] = 0
	
	

	





scanIdx8x8 = 64
	
	

	




}
	
	

	



}
	
	

	



while( scanIdx8x8 < 64 ) {
	
	

	




if( moreCabacDataInNALUnit( ) )
	
	

	





significant_coeff_flag
	3 | 4
	ae(v)

	




if( significant_coeff_flag ) {
	
	

	





if( moreCabacDataInNALUnit( ) )
	
	

	






coeff_sign_flag
	3 | 4
	ae(v)

	





if( moreCabacDataInNALUnit( ) )
	
	

	






coeff_abs_level_minus1
	3 | 4
	ae(v)

	





if( moreCabacDataInNALUnit( ) )
	
	

	






LumaLevel[ i8x8 ][ scanIdx8x8 ] =
	
	

	







(coeff_abs_level_minus1 + 1) * (1 – 2 * coeff_sign_flag)
	
	

	





scanIdx = 64
	
	

	




}  else {
	
	

	





LumaLevel8x8[ i8x8 ][ scanIdx8x8 ] = 0
	
	

	





scanIdx8x8++
	
	

	





while( scanIdx8x8 < 64 &&








 base_luma_level8x8( CurrMbAddr, i8x8, scanIdx8x8 ) ) {
	
	

	






scanIdx8x8++
	
	

	




}
	
	

	



}
	
	

	



if( moreCabacDataInNALUnit( ) )
	
	

	




significant_coeff_flag
	3 | 4
	ae(v)

	



if( significant_coeff_flag )  {
	
	

	




if( moreCabacDataInNALUnit( ) )
	
	

	





coeff_sign_flag
	3 | 4
	ae(v)

	




if( moreCabacDataInNALUnit( ) )
	
	

	





coeff_abs_level_minus1
	3 | 4
	ae(v)

	




if( moreCabacDataInNALUnit( ) )
	
	

	





LumaLevel8x8[ i8x8 ][ scanIdx8x8 ] =







( coeff_abs_level_minus1 + 1 ) * ( 1 – 2 * coeff_sign_flag )
	
	

	



}  else
	
	

	




LumaLevel8x8[ i8x8 ][ scanIdx8x8 ] = 0
	
	

	



if( significant_coeff_flag  &&  moreCabacDataInNALUnit( )  &&





scanIdx < 63 )  {
	
	

	




last_significant_coeff_flag
	3 | 4
	ae(v)

	




if( last_significant_coeff_flag )
	
	

	





for( i = scanIdx8x8 + 1; i < 64; i++ )
	
	

	






LumaLevel8x8[ i8x8 ][ i ] = 0
	
	

	



}
	
	

	


}
	
	

	

}
	
	

	
}
	
	

	}
	
	


	chromaDC_coefficient( iCbCr, mbIdxY, mbIdxX, endCycles, sigBlk ) {
	C
	Descriptor

	
NumC8x8 = 4 / ( SubWidthC * SubHeightC )
	
	

	
CurrMbAddr = mbIdxY / 4 * PicWidthInMb +  mbIdxX
	
	

	
dcIdx = 4
	
	

	
dcIdxStart = 4
	
	

	
for( idx = 0; idx < 4; idx++ ) {
	
	

	

if( dcIdx == 4 &&




ChromaDCLevel[ iCbCr ][ idx ]  = =  NotCoded  &&



base_chromaDC_level( CurrMbAddr, iCbCr, idx )  = =  0 )
	
	

	


dcIdx = idx
	
	

	

if( dcIdxStart  = =  4  &&



base_chromaDC_level( CurrMbAddr, iCbCr, idx )  = =  0 )
	
	

	


dcIdxStart = idx
	
	

	
}
	
	

	
if( dcIdx != 4 )
	
	

	

endCycles = 0
	
	

	
if( MbInsideBaseLayerSlice( CurrMbAddr )  &&


BaseChromaDCBlockSignificance( CurrMbAddr, iCbCr )  = =  sigBlk  &&


dcIdx != 4  ) {
	
	

	

if( moreCabacDataInNALUnit( )  &&



coded_block_pattern_bit[ 4 ]  = =  NOT_CODED )  {
	
	

	


coded_block_pattern_bit[ 4 ]
	3 | 4
	ae(v)

	


if( coded_block_pattern_bit[ 4 ]  = =  0 ) {
	
	

	



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

	




for( i = 0; i < 4 * NumC8x8; i++ )
	
	

	





ChromaDCLevel[ j ][ i ] = 0
	
	

	




for( i8x8 = 0; i8x8 < NumC8x8; i8x8++ )
	
	

	





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

	






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

	







ChromaACLevel[ j ][ 4 * i8x8 + i4x4 ][ scanIdx ] = 0
	
	

	



}
	
	

	


}  else  {
	
	

	



if( moreCabacDataInNALUnit( )  &&





! BaseLayerMacroblockSignificance( CurrMbAddr )  &&





mb_qp_delta  = =  NOT_CODED )
	
	

	




mb_qp_delta
	2
	ae(v)

	


}
	
	

	

}
	
	

	

if( coded_block_pattern_bit[ 4 ]  = =  1 ) {
	
	

	


if( moreCabacDataInNALUnit( )  &&




coded_block_flag_chromaDC[ iCbCr ]  = =  NOT_CODED ) {
	
	

	



coded_block_flag_chromaDC[ iCbCr ]
	3 | 4
	ae(v)

	



if( coded_block_flag_chromaDC[ iCbCr ]  == 0 )
	
	

	




for( i = 0; i < 4 * NumC8x8; i++ )
	
	

	





ChromaDCLevel[ iCbCr ][ i ] = 0
	
	

	


}
	
	

	


if( coded_block_flag_chromaDC[ iCbCr ]  = =  1 ) {
	
	

	



if( dcIdx > 0 dcIdxStart &&  moreCabacDataInNALUnit( ) ) {
	
	

	




last_significant_coeff_flag
	3 | 4
	ae(v)

	




if( last_significant_coeff_flag )
	
	

	





for( i = dcIdx; i < 4 * NumC8x8; i++ )
	
	

	






ChromaDCLevel[ iCbCr ][ i ] = 0
	
	

	



}
	
	

	



while( dcIdx < 4 ) {
	
	

	




if( moreCabacDataInNALUnit( ) )
	
	

	





significant_coeff_flag
	3 | 4
	ae(v)

	




if( significant_coeff_flag ) {
	
	

	





if( moreCabacDataInNALUnit( ) )
	
	

	






coeff_sign_flag
	3 | 4
	ae(v)

	





if( moreCabacDataInNALUnit( ) )
	
	

	






coeff_abs_level_minus1
	3 | 4
	ae(v)

	





if( moreCabacDataInNALUnit( ) )
	
	

	






ChromaDCLevel[ iCbCr ] [ dcIdx ] =
	
	

	







( coeff_abs_level_minus1 + 1 ) * ( 1 – 2 * coeff_sign_flag )
	
	

	





dcIdx++
	
	

	




}  else {
	
	

	





ChromaDCLevel[ iCbCr ][ dcIdx ] = 0
	
	

	





dcIdx++
	
	

	





while( dcIdx < 4 &&







  ChromaDCLevelBase[ iCbCr ][ dcIdx ]  = =  1 )
	
	

	






dcIdx++
	
	

	




}
	
	

	



}
	
	

	


}
	
	

	

}
	
	

	
}
	
	

	}
	
	


	chromaAC_coefficient( iCbCr, bcIdxY, bcIdxX, endCycles, sigBlk ) {
	C
	Descriptor

	
NumC8x8 = 4 / ( SubWidthC * SubHeightC )
	
	

	
CurrMbAddr = ( b4x4IdxY / ( 2 * SubHeightC ) ) * PicWidthInMb +







 ( b4x4IdxX / ( 2 * SubHeightC ) )
	
	

	
i8x8 = 2 * ( ( bcIdxY % ( 2 * SubHeightC ) ) / 2 ) +





( ( bxIdxX % ( 2 * SubWidthC  ) ) / 2 )
	
	

	
i4x4 = 2 * ( bcIdxY % 2 ) + ( bcIdxX % 2 )
	
	

	
scanIdx = 16
	
	

	
scanIdxStart = 16
	
	

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

	

if( scanIdx == 16 &&




ChromaACLevel[iCbCr][4* i8x8 + i4x4][idx] ==  NotCoded &&



base_chromaAC_level( CurrMbAddr, iCbCr, i8x8, i4x4, idx )  = =  0)
	
	

	


scanIdx = idx
	
	

	

if( scanIdxStart == 16 &&




base_chromaAC_level( CurrMbAddr, iCbCr, i8x8, i4x4, idx )  = =  0)
	
	

	


scanIdxStart = idx
	
	

	
}
	
	

	
if( scanIdx != 16 )
	
	

	

EndCycles = 0
	
	

	
if( MbInsideBaseLayerSlice( CurrMbAddr )  &&


BaseChromaACBlkSignificance( CurrMbAddr, iCbCr, i8x8, i4x4 )  = =



sigBlk  && scanIdx != 16 )  {
	
	

	

if( moreCabacDataInNALUnit( )  &&



coded_block_pattern_bit[ 4 ]  = =  NOT_CODED )  {
	
	

	


coded_block_pattern_bit[ 4 ]
	3 | 4
	ae(v)

	


if( coded_block_pattern_bit[ 4 ]  = =  0 ) {
	
	

	



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

	




for( i = 0; i < 4 * NumC8x8; i++ )
	
	

	





ChromaDCLevel[ j ][ i ] = 0
	
	

	




for( i = 0; i < NumC8x8; i++ )
	
	

	





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

	






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

	







ChromaACLevel[ j ][ 4 * i + k ][ l ] = 0
	
	

	



}
	
	

	


}  else  {
	
	

	



if( moreCabacDataInNALUnit( )  &&





! BaseLayerMacroblockSignificance( CurrMbAddr )  &&





mb_qp_delta  = =  NOT_CODED )
	
	

	




mb_qp_delta
	
	

	


}
	
	

	

}
	
	

	

if( coded_block_pattern_bit[ 4 ]  = =  1  &&



moreCabacDataInNALUnit( )  &&



coded_block_pattern_bit[ 5 ]  = =  NOT_CODED ) {
	
	

	


coded_block_pattern_bit[ 5 ]
	3 | 4
	ae(v)

	


if( coded_block_pattern_bit[ 5 ]  = =  0 )  {
	
	

	



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

	




for( i = 0; i < NumC8x8; i++ )
	
	

	





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

	






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

	







ChromaACLevel[ j ][ 4 * i + k ][ l ] = 0
	
	

	


}
	
	

	

}
	
	

	

if( coded_block_pattern_bit[ 5 ]  = =  1 )  {
	
	

	


if( moreCabacDataInNALUnit( )  &&




coded_block_flag_chromaAC[ iCbCr ][ 4 * i8x8 + i4x4]  = = 






 NOT_CODED )  {
	
	

	



coded_block_flag_chromaAC[ iCbCr ][ 4 * i8x8 + i4x4 ]
	3 | 4
	ae(v)

	



if( coded_block_flag_chromaAC[ iCbCr ][ 4 * i8x8 + i4x4 ]  = =  0 )
	
	

	




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

	





ChromaACLevel[ iCbCr ][ 4 * i8x8 + i4x4 ][ k ] = 0
	
	

	


}
	
	

	


if( coded_block_flag_chromaAC[ iCbCr ][ 4  i8x8 + i4x4 ]  = =  1 ) {
	
	

	



if( scanIdx > 0 scanIdxStart &&  moreCabacDataInNALUnit( ) )  {
	
	

	




last_significant_coeff_flag
	3 | 4
	ae(v)

	




if( last_significant_coeff_flag )
	
	

	





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

	






ChromaACLevel[ iCbCr ][ 4 * i8x8 + i4x4 ][ i ] = 0
	
	

	



}
	
	

	



while( scanIdx < 16 ) {
	
	

	




if( moreCabacDataInNALUnit( ) )
	
	

	





significant_coeff_flag
	3 | 4
	ae(v)

	




if( significant_coeff_flag ) {
	
	

	





if( moreCabacDataInNALUnit( ) )
	
	

	






coeff_sign_flag
	3 | 4
	ae(v)

	





if( moreCabacDataInNALUnit( ) )
	
	

	






coeff_abs_level_minus1
	3 | 4
	ae(v)

	





if( moreCabacDataInNALUnit( ) )
	
	

	






ChromaACLevel[ iCbCr ][ 4 * i8x8 + i4x4 ][ scanIdx ] =
	
	

	








(coeff_abs_level_minus1 + 1) * (1 – 2 * coeff_sign_flag)
	
	

	





scanIdx = 16
	
	

	




}  else {
	
	

	





ChromaACLevel[ iCbCr ][ 4 * i8x8 + i4x4 ][ scanIdx ] = 0
	
	

	





scanIdx++
	
	

	





while( scanIdx < 16 &&







  ChromaACLevelBase[iCbCr][4 * i8x8 + i4x4][scanIdx] == 1 )
	
	

	






scanIdx++
	
	

	




}
	
	

	



}
	
	

	


}
	
	

	

}
	
	

	
}
	
	

	}
	
	


3. Experimental Results
For analyzing the coding efficiency improvement, we compared the JSVM 1 software with the proposed changes with the original JSVM 1 software.  For all 8 tested sequences, the base layer was coded using the H.264/AVC High Profile with 8x8 luma transform enabled, and on top of the base layer, 2 progressive refinement layers have been coded.  The base layer is always identical for both encoders, and furthermore, the PSNR’s of the end points of each progressive refinement layer are identical, since only the entropy coding was modified.  In Figure 4, rate-distortion curves for the sequence Football are depicted.  Rate-distortion curves for the other 7 test sequences can be found in the embedded Excel document.
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With the proposed modifications, bit-rate savings between 1% and 6% are obtained in comparison to the original JSVM 1 depending on the number of macroblocks, for which an 8x8 transform is used. The rate savings for the end points of the progressive refinement layers are summarized in Table 1.
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Figure 4: Comparison of the original JSVM 1 and the JSVM 1 with the proposed changes for H.264/AVC High Profile compatible base layer (4x4 and 8x8 transform for luma blocks) on the example of the FOOTBALL sequence.

Table 1: Bit-rate savings resulting from the proposed modifications for the end points of the PR layers.
	PR layer
	Bus
	Foreman
	Football
	Mobile
	City
	Crew
	Harbour
	Soccer

	1
	1.9%
	3.3%
	3.2%
	1.1%
	4.5%
	4.4%
	5.1%
	4.5%

	2
	2.8%
	4.3%
	4.2%
	1.5%
	5.0%
	5.7%
	6.3%
	5.6%
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		Proposed Change

		3732.4493		28.8955		33.7625		33.1939		194.3984010417

		4133.0842		29.1196		33.8406		33.2621		215.2648020833

		4534.8403		29.3623		33.9026		33.3066		236.1895989583

		4936.3968		29.6384		33.9198		33.3235		257.104

		5338.0454		29.9239		33.9318		33.3398		278.0231979167

		5740.0627		30.1782		34.205		33.5946		298.9615989583

		6141.3427		30.4509		34.5242		33.884		319.8615989583

		6542.5152		30.7283		34.8981		34.2375		340.756

		6944.5478		31.0126		35.211		34.572		361.6951979167

		6944.5478		31.0126		35.211		34.572		361.6951979167

		7748.7667		31.6973		35.8938		35.3536		403.5815989583

		7748.7667		31.6973		35.8938		35.3536		403.5815989583

		8791.8029		31.9707		35.9369		35.3999		457.9064010417

		9835.8528		32.2633		35.9626		35.4196		512.284

		10879.703		32.5716		36.0287		35.4854		566.6511979167

		11923.3536		32.8792		36.2985		35.732		621.008

		12968.1715		33.2134		36.5417		35.9864		675.4255989583

		14011.8528		33.5768		36.8494		36.2946		729.784

		15055.5034		33.9483		37.1906		36.6861		784.1408020833

		16099.799		34.2956		37.7665		37.2841		838.5311979167

		17143.4035		34.7651		38.0052		37.5743		892.8855989583

		18188.7437		35.2374		38.1958		37.9042		947.3304010417
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City

		JSVM 1 software

		7533.481		31.8172		41.2899		43.3753		392.3688020833

		9223.5264		32.0676		41.4534		43.5987		480.392

		10916.2906		32.3294		41.5967		43.7949		568.5568020833

		12608.4403		32.6179		41.7266		43.9855		656.6895989583

		14300.9126		32.9471		41.8742		44.1992		744.8391979167

		15994.0301		33.263		41.9489		44.3286		833.0224010417

		17685.6422		33.5453		41.9509		44.3288		921.1271979167

		19377.3773		33.8549		41.9565		44.3307		1009.2384010417

		21070.2643		34.1276		42.2416		44.3673		1097.4095989583

		21070.2643		34.1276		42.2416		44.3673		1097.4095989583

		24456.9446		34.6505		42.4669		44.4876		1273.7991979167

		24456.9446		34.6505		42.4669		44.4876		1273.7991979167

		28571.2435		34.8549		42.6308		44.7276		1488.0855989583

		32687.8464		35.0839		42.7863		44.9772		1702.492

		36804.0499		35.3283		42.9439		45.2455		1916.8775989583

		40919.5469		35.5328		42.9503		45.2533		2131.2264010417

		45037.6243		35.7543		42.9545		45.254		2345.7095989583

		49153.3824		35.9616		43.0002		45.2693		2560.072

		53268.8794		36.1723		43.143		45.332		2774.4208020833

		57386.0659		36.3493		43.708		45.6983		2988.8575989583

		61501.6858		36.5342		44.1087		46.017		3203.2128020833

		65620.5926		36.8367		44.2845		46.1593		3417.7391979167

		Proposed Change

		7533.481		31.8172		41.2899		43.3753		392.3688020833

		9113.9328		32.0704		41.4443		43.5862		474.684

		10697.4566		32.334		41.5787		43.7725		557.1591979167

		12279.9821		32.6209		41.7022		43.9458		639.5824010417

		13863.168		32.9433		41.8358		44.1431		722.04

		15446.7379		33.2824		41.941		44.3169		804.5175989583

		17028.8486		33.5621		41.9507		44.3288		886.9191979167

		18611.1437		33.8558		41.9512		44.3289		969.3304010417

		20194.56		34.1478		42.094		44.3512		1051.8

		20194.56		34.1478		42.094		44.3512		1051.8

		23362.2528		34.6505		42.4669		44.4876		1216.784

		23362.2528		34.6505		42.4669		44.4876		1216.784

		27254.8147		34.8589		42.6256		44.7209		1419.5215989583

		31149.5578		35.0895		42.7767		44.9542		1622.3728020833

		35043.9014		35.3406		42.9355		45.2283		1825.2031979167

		38937.7229		35.5475		42.9502		45.2534		2028.0064010417

		42834.0941		35.7647		42.9518		45.2533		2230.9424010417

		46727.7619		35.9767		42.9854		45.2678		2433.7375989583

		50621.5834		36.1784		43.0386		45.2902		2636.5408020833

		54516.9408		36.3531		43.6468		45.6069		2839.424

		58410.6701		36.5392		44.1326		46.0366		3042.2224010417

		62307.84		36.8367		44.2845		46.1593		3245.2
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Crew

		JSVM 1 software

		15289.7587		33.6684		39.4617		39.2023		796.3415989583

		16715.52		33.8465		39.5275		39.2721		870.6

		18143.5238		34.0575		39.6191		39.3567		944.9751979167

		19571.0054		34.2765		39.7038		39.4456		1019.3231979167

		20999.1014		34.4939		39.7887		39.5417		1093.7031979167

		22427.5814		34.7081		39.8752		39.6448		1168.1031979167

		23854.7098		34.9268		39.9562		39.7323		1242.4328020833

		25281.8995		35.1482		39.9838		39.7618		1316.7655989583

		26710.2874		35.3516		40.0008		39.7813		1391.1608020833

		26710.2874		35.3516		40.0008		39.7813		1391.1608020833

		29567.7542		35.6961		40.6194		40.9455		1539.9871979167

		29567.7542		35.6961		40.6194		40.9455		1539.9871979167

		34030.5254		35.8983		40.7124		41.0234		1772.4231979167

		38495.7082		36.1518		40.801		41.1149		2004.9848020833

		42960.5222		36.4033		40.8947		41.2172		2237.5271979167

		47424.5683		36.6583		40.9753		41.3109		2470.0295989583

		51891.0259		36.9238		41.0243		41.3651		2702.6575989583

		56355.4714		37.1725		41.0806		41.4298		2935.1808020833

		60819.5174		37.3886		41.2922		41.7353		3167.6831979167

		65285.2992		37.5684		41.4892		42.0518		3400.276

		69749.5142		37.7532		41.7027		42.4497		3632.7871979167

		74216.8934		38.049		42.0435		43.1682		3865.4631979167

		Proposed Change

		15289.7587		33.6684		39.4617		39.2023		796.3415989583

		16585.7434		33.8537		39.5259		39.2695		863.8408020833

		17884.7693		34.0648		39.6095		39.3483		931.4984010417

		19182.7814		34.2844		39.6887		39.4289		999.1031979167

		20481.3773		34.5051		39.7694		39.5179		1066.7384010417

		21780.2496		34.7245		39.847		39.6124		1134.388

		23078.0467		34.9436		39.9361		39.7128		1201.9815989583

		24375.4291		35.1669		39.9754		39.7522		1269.5535989583

		25674.6547		35.3655		40.0077		39.7958		1337.2215989583

		25674.6547		35.3655		40.0077		39.7958		1337.2215989583

		28273.0598		35.6961		40.6194		40.9455		1472.5551979167

		28273.0598		35.6961		40.6194		40.9455		1472.5551979167

		32439.8438		35.8975		40.7075		41.0189		1689.5751979167

		36609.0086		36.1481		40.7899		41.1023		1906.7191979167

		40777.6051		36.3976		40.8744		41.1963		2123.8335989583

		44945.7869		36.6492		40.9568		41.2895		2340.9264010417

		49116.3034		36.9104		41.0031		41.3417		2558.1408020833

		53284.6694		37.1637		41.0503		41.3934		2775.2431979167

		57452.8512		37.3906		41.227		41.6471		2992.336

		61622.5229		37.5776		41.466		42.0083		3209.5064010417

		65790.6125		37.7711		41.7047		42.4458		3426.5944010417

		69962.0045		38.049		42.0435		43.1682		3643.8544010417
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Harbour

		JSVM 1 software

		17629.271		30.5391		40.8214		42.4404		918.1911979167

		20247.552		30.7647		40.9842		42.6388		1054.56

		22867.9987		31.0116		41.1326		42.845		1191.0415989583

		25487.9846		31.2653		41.2736		43.0607		1327.4991979167

		28108.4621		31.545		41.4451		43.3403		1463.9824010417

		30729.431		31.844		41.5753		43.5121		1600.4911979167

		33348.9869		32.122		41.5765		43.5137		1736.9264010417

		35968.5581		32.3955		41.5768		43.5151		1873.3624010417

		38589.4502		32.6507		41.7675		43.6155		2009.8671979167

		38589.4502		32.6507		41.7675		43.6155		2009.8671979167

		43831.8797		33.2323		42.0964		43.9014		2282.9104010417

		43831.8797		33.2323		42.0964		43.9014		2282.9104010417

		51075.2563		33.463		42.2478		44.1509		2660.1695989583

		58320.9677		33.7494		42.3834		44.4106		3037.5504010417

		65566.3718		34.0775		42.5128		44.6542		3414.9151979167

		72810.8851		34.4075		42.5204		44.6574		3792.2335989583

		80058.1171		34.7395		42.5264		44.6597		4169.6935989583

		87303.1987		35.0293		42.8373		44.9447		4547.0415989583

		94547.712		35.329		43.2034		45.3348		4924.36

		101794.0838		35.6275		43.5933		45.653		5301.7751979167

		109038.8275		35.9876		43.8451		45.8361		5679.1055989583

		116286.8122		36.4771		44.0038		45.9527		6056.6048020833

		Proposed Change

		17629.271		30.5391		40.8214		42.4404		918.1911979167

		20023.127		30.7666		40.9751		42.6265		1042.8711979167

		22419.241		31.0168		41.1127		42.8133		1167.6688020833

		24814.9709		31.269		41.2428		43.0117		1292.4464010417

		27211.177		31.5451		41.3896		43.2516		1417.2488020833

		29607.7517		31.8449		41.5653		43.4989		1542.0704010417

		32003.0208		32.1269		41.5761		43.5128		1666.824

		34398.2131		32.3978		41.5768		43.5139		1791.5735989583

		36794.9568		32.6684		41.6184		43.535		1916.404

		36794.9568		32.6684		41.6184		43.535		1916.404

		41588.521		33.2323		42.0964		43.9014		2166.0688020833

		41588.521		33.2323		42.0964		43.9014		2166.0688020833

		48328.5504		33.4659		42.2426		44.1376		2517.112

		55071.0374		33.7494		42.3708		44.388		2868.2831979167

		61813.1251		34.0807		42.5099		44.6521		3219.4335989583

		68554.7981		34.4074		42.518		44.6556		3570.5624010417

		75298.4832		34.7507		42.5247		44.6599		3921.796

		82039.9565		35.0651		42.7178		44.8406		4272.9144010417

		88781.6294		35.3469		43.0293		45.1228		4624.0431979167

		95524.5466		35.6385		43.5437		45.6171		4975.2368020833

		102266.2042		36.0002		43.8501		45.8417		5326.3648020833

		109010.8416		36.4771		44.0038		45.9527		5677.648
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Soccer

		JSVM 1 software

		13318.2259		32.7214		41.4623		43.2432		693.6575989583

		14954.6035		32.9281		41.5952		43.3927		778.8855989583

		16593.193		33.1647		41.7328		43.5789		864.2288020833

		18231.2294		33.4218		41.8382		43.7295		949.5431979167

		19869.8342		33.726		41.934		43.8197		1034.8871979167

		21508.7923		34.0353		42.008		43.8986		1120.2495989583

		23146.5523		34.3304		42.0522		43.9594		1205.5495989583

		24784.0666		34.6701		42.0934		44.0158		1290.8368020833

		26423.1936		34.9673		42.2408		44.1472		1376.208

		26423.1936		34.9673		42.2408		44.1472		1376.208

		29701.6781		35.5535		42.8206		44.6235		1546.9624010417

		29701.6781		35.5535		42.8206		44.6235		1546.9624010417

		33315.4099		35.762		42.9526		44.8074		1735.1775989583

		36931.5072		35.9973		43.0823		44.9954		1923.516

		40547.2205		36.2643		43.2072		45.137		2111.8344010417

		44162.6266		36.5141		43.2795		45.2357		2300.1368020833

		47779.9987		36.7827		43.3208		45.2817		2488.5415989583

		51395.113		37.0361		43.4394		45.4109		2676.8288020833

		55010.519		37.273		43.7034		45.6436		2865.1311979167

		58627.031		37.4926		44.0136		45.8831		3053.4911979167

		62242.3296		37.7424		44.2833		46.1034		3241.788

		65860.6694		38.0913		44.5514		46.3981		3430.2431979167

		Proposed Change

		13318.2259		32.7214		41.4623		43.2432		693.6575989583

		14820.7872		32.9379		41.5858		43.3823		771.916

		16325.6371		33.1787		41.7156		43.5572		850.2935989583

		17829.9648		33.4312		41.8228		43.7073		928.644

		19334.8301		33.7262		41.9078		43.798		1007.0224010417

		20840.0947		34.0445		41.9832		43.8696		1085.4215989583

		22344.0691		34.3393		42.0334		43.9281		1163.7535989583

		23847.9974		34.6704		42.0786		44.0002		1242.0831979167

		25353.2621		34.993		42.1588		44.0812		1320.4824010417

		25353.2621		34.993		42.1588		44.0812		1320.4824010417

		28364.3443		35.5535		42.8206		44.6235		1477.3095989583

		28364.3443		35.5535		42.8206		44.6235		1477.3095989583

		31743.8054		35.7668		42.9436		44.7963		1653.3231979167

		35125.4323		36.0025		43.0679		44.9759		1829.4495989583

		38506.7059		36.268		43.1843		45.1096		2005.5575989583

		41887.5802		36.5238		43.2638		45.2144		2181.6448020833

		45270.6816		36.783		43.307		45.2674		2357.848

		48651.3562		37.0498		43.3772		45.338		2533.9248020833

		52032.2304		37.2852		43.6191		45.5786		2710.012

		55414.3949		37.5072		43.9708		45.8503		2886.1664010417

		58795.1309		37.7604		44.2841		46.1027		3062.2464010417

		62179.2		38.0913		44.5514		46.3981		3238.5
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JSVM 1 software
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Savings

						JSVM 1		Proposed				Savings

		Bus		layer 1		8311.7568		8152.5043				1.92%

				layer 2		16941.2506		16466.9645				2.80%

		Football		layer 1		10898.0263		10552.0542				3.17%

				layer 2		21341.8811		20443.4097				4.21%

		Foreman		layer 1		3773.6448		3647.3088				3.35%

				layer 2		8111.6467		7763.6352				4.29%

		Mobile		layer 1		7835.904		7748.7667				1.11%

				layer 2		18473.088		18188.7437				1.54%

		City		layer 1		24456.9446		23362.2528				4.48%

				layer 2		65620.5926		62307.84				5.05%

		Crew		layer 1		29567.7542		28273.0598				4.38%

				layer 2		74216.8934		69962.0045				5.73%

		Harbour		layer 1		43831.8797		41588.521				5.12%

				layer 2		116286.8122		109010.8416				6.26%

		Soccer		layer 1		29701.6781		28364.3443				4.50%

				layer 2		65860.6694		62179.2				5.59%

												6.26%

												1.11%






