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Abstract

In the current Working Draft, for 4x4 Luma Intra prediction residuals, the horizontal and vertical transform types horizTrType and vertTrType depend upon the Intra prediction mode, as specified by a look-up table. In this contribution, for certain prediction modes in which horizTrType and vertTrType differ, the encoder performs a rate-distortion optimized decision on whether to swap the values of horizTrType and vertTrType. This swap is signaled using a TrToggle flag the first time an applicable TU occurs in a PU, for each Intra-coded PU. The proposed method was implemented on top of HM 3.0. BD-Rate changes for class C and D sequences, using an unmodified HM 3.0 as a reference, average to about −0.1%, and the change for larger sizes averages to 0.0%. The encoding time percentages with the current software implemention are 109-114% for all-Intra cases and 98‑100% for the random access and low-delay cases. Decoding time percentages range from 99-102%.
1 Introduction

In Working Draft 3 (WD3) [1], Table 8-13 specifies which of two transform types to use for processing scaled transform coefficients, for rows and columns of residual samples. Currently the table applies only to 4x4 luma Intra-predicted data. The choice of horizontal (horizTrType) and vertical (vertTrType) transforms is dependent upon the Intra prediction direction. Type 0 corresponds to an integer DCT, and type 1 corresponds to an integer DST.
Earlier related contributions [2],[3] and their references have shown that given a pixel-correlation model and Intra prediction direction, the KLT along the direction of prediction can be approximated by a DST, and the KLT orthogonal to that direction can be a DCT. Thus, Table 8-13 in WD3 applies the DCT across rows and DST along columns for the vertical Intra prediction mode 0. For the horizontal Intra prediction mode 1, the DST is applied across rows, and the DCT is used on columns. The oblique directions that are more horizontal apply the DST horizontally and DCT vertically, and the more vertical modes apply the DCT horizontally and DST vertically. For modes that use predicted samples along both the top and left edges of the current block, the DST is used in both directions. DC mode uses only the DCT.

Because the transforms are applied only horizontally and vertically, and not directly along the direction of prediction, and because actual image data does not always match the pixel-correlation model used to derive these transforms, additional performance improvement may be possible by testing more than one mapping during encoding. In this contribution, for certain Intra prediction modes, the encoder applies both the mapping from Table 8-13 of WD3, and a swapped mapping, and then signals whether a swap should be performed. In this case, swapping means that the values of horizTrType and vertTrType are swapped, if they are different.
2 Transform type mapping
In Working Draft 3 (WD3) [1], Table 8-13 specifies which of two transform types to use for processing 4x4 Intra-predicted luma data. This table is repeated here as Table 1. This mapping is shown graphically in Figure 1.
Table 1. Specification of horizTrType and vertTrType from Table 8-13 of JCTVC-E603_d8

	IntraPredMode
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	16
	17

	horizTrType
	0
	1
	0
	1
	1
	0
	0
	1
	1
	1
	1
	1
	0
	0
	1
	1
	1
	1

	vertTrType
	1
	0
	0
	1
	1
	1
	1
	1
	0
	0
	1
	1
	1
	1
	1
	1
	0
	0


	IntraPredMode
	18
	19
	20
	21
	22
	23
	24
	25
	26
	27
	28
	29
	30
	31
	32
	33
	34

	horizTrType
	1
	1
	1
	1
	0
	0
	0
	0
	1
	1
	1
	1
	1
	1
	1
	1
	1

	vertTrType
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	0
	0
	0
	0
	1




[image: image1]
3 Toggling of transform types

3.1 Toggling rules
For 4x4 transforms on Intra-predicted Luma blocks, a transform-toggle flag TrToggle is used to swap horizTrType and vertTrType  when horizTrType and vertTrType  are different. This can be implemented as follows:

if( horizTrType != vertTrType) {


horizTrType = TrToggle ^ horizTrType

vertTrType   = TrToggle ^ vertTrType
}

The toggling can also be restricted to certain Intra prediction modes. For example, later in this contribution, the following rules will be used.:

if( (horizTrType != vertTrType) && (IntrapredMode < 17) {


horizTrType = TrToggle ^ horizTrType

vertTrType   = TrToggle ^ vertTrType
}

In this case, the transforms are swapped for Intra prediction modes of 16 or less. The above rules are used once per PU. If a PU does not contain any 4x4 Intra TUs, then no TrToggle flag is signaled for that PU. Similarly, if the CBF is zero, the flag is not needed.
3.2 Experimental analysis
To see if any benefit is possible from using the TrToggle method, an experiment was performed in which the decoder was omniscient, i.e the rate for any additional side information was ignored. The All Intra, High Efficiency (AI-HE) configuration specified in the common conditions JCTVC-E700 was used. Results are shown in Table 2. The encoder was modified so that for all Intra prediction modes checked in the rate-distortion loop, a second check was made with TrToggle set to 1. The value of TrToggle that yielded the best R-D cost was used for the final encoding of each corresponding 4x4 Intra TU. In this case, setting TrToggle has the effect of changing the DCT to a DST, and the DST to a DCT, for every Intra prediction mode. A histogram of TrToggle usage for each 4x4 Intra-predicted TU is shown in Figure 2. In total, the flag was true 40% of the times it was used.
As expected, few, if any 4x4 TUs are in PUs that use prediction modes 17-33. Note that 4x4 PUs can use a total of 17 rather than 34 Intra prediction modes (plus planar mode) in HM 3.0. Most or all 4x4 TUs here are found in 4x4 PUs rather than 8x8 or larger PUs. Given this, and that TrToggle was never selected to be 1 for prediction modes 17-33, the encoder needs to test TrToggle only for prediction modes 0‑16 and 34. Based upon other experiments and limitations on increases in encoder complexity, this proposal will test TrToggle for prediction modes 0-16 in which the horizontal and vertical transforms are different. In this way, the 2-D DCT and 2-D DST will remain unchanged.
Table 2. Luma BD-Rate change (%) for AI-HE assuming omnicient decoder
	Class A

 
	Traffic

PeopleOnStreet
	-1.7

-1.6
	Class D

 

 

 
	BasketballPass

BQSquare

BlowingBubbles
	-2.1

-2.7

-2.9

-1.9

	Class B

 

 

 

 
	Kimono

ParkScene

Cactus

BasketballDrive

BQTerrace
	-0.6

-2.0

-1.9

-1.4

-1.5
	
	
	

	
	
	
	
	RaceHorses
	

	
	
	
	ClassE

 

 
	Vidyo1
	-1.4

-1.4

-1.4

	
	
	
	
	Vidyo3
	

	
	
	
	
	Vidyo4
	

	Class C

 

 

 
	BasketballDrill

BQMall

PartyScene

RaceHorses
	-1.7

-2.6

-3.2

-2.0
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Figure 2. Histogram of TrToggle usage for 4x4 TUs in first frame of BasketballPass (omniscient decoder)
4 Signaling and syntax

4.1 Description of signaling
Because adding extra side information for every 4x4 TU can negate any distortion reduction achieved with the proposed method, and because all TUs within a PU share the same Intra prediction mode, TrToggle is signaled only for the first 4x4 Intra-predicted TU within each PU. If a PU contains no 4x4 Intra-predicted TUs, or if the Intra prediction mode is not 0-16, then the TrToggle flag is not signaled. Also, the flag is not signaled if the TU’s CBF is zero. Therefore, the TrToggle flag can be signaled immediately after the CBF when CABAC is the entropy coder. With CAVLC, the CBF and split flags are combined, so TrToggle is signaled after those combined flags are sent, as the transform tree is being traversed.
4.2 Syntax
Changes to the syntax defined in JCTVC-E603_d8 are highlighted in blue.
4.2.1 Prediction unit syntax

	prediction_unit( x0, y0, log2PUWidth, log2PUHeight, PartIdx , 






 InferredMergeFlag ) {
	Descriptor

	
if( skip_flag[ x0 ][ y0 ] ) {
	

	

if( NumMergeCand  >  1 )
	

	


merge_idx[ x0 ][ y0 ]
	ue(v) | ae(v)

	
} else if( PredMode  = =  MODE_INTRA ) {
	

	

ToggleProcessed[x0][y0] = 0
	


The remainder of the prediction unit syntax remains is unchanged.
4.2.2 Transform tree syntax
	transform_tree( x0, y0, log2TrafoSize, trafoDepth, blkIdx )  {
	Descriptor

	
if( entropy_coding_mode_flag && trafoDepth  = =  0 && IntraSplitFlag  = =  0) {
	

	

if( PredMode  !=  MODE_INTRA )
	

	


no_residual_data_flag
	u(1) | ae(v)

	

residualDataPresentFlag  =  !no_residual_data_flag
	

	
} else {
	

	

residualDataPresentFlag = TRUE
	

	
}
	

	
if( residualDataPresentFlag) {
	

	

intraSplitFlag = ( IntraSplitFlag  &&  trafoDepth  = =  0  ?  1  :  0 )
	

	

maxDepth = ( PredMode  = =  MODE_INTRA ?  









max_transform_hierarchy_depth_intra  +  IntraSplitFlag  :  









max_transform_hierarchy_depth_inter )
	

	

if( !entropy_coding_mode_flag ) {
	

	


xB = x0 − ( x0 & ( ( 1 << log2TrafoSize ) − 1 ) )
	

	


yB = y0 − ( y0 & ( ( 1 << log2TrafoSize ) − 1 ) )
	

	


if( trafoDepth  !=  0  &&  !cbf_luma[ xB ][ yB ][ trafoDepth − 1 ] ) {
	

	



if( cbf_cb[ xB ][ yB ][ trafoDepth − 1 ]  &&  






log2TrafoSize  >  Log2MinTrafoSize )
	

	




cbf_cb[ x0 ][ y0 ] [ trafoDepth ]
	u(1)

	



if( cbf_cr[ xB ][ yB ][ trafoDepth − 1 ]  &&  






log2TrafoSize  >  Log2MinTrafoSize )
	

	




cbf_cr[ x0 ][ y0 ] [ trafoDepth ]
	u(1)

	



if(log2TrafoSize <= Log2MaxTrafoSize  &&  !intraSplitFlag  &&  





log2TrafoSize > Log2MinTrafoSize  &&  trafoDepth  <  maxDepth )
	

	




split_transform_flag[ x0 ][ y0 ] [ trafoDepth ]
	u(1)

	


} else
	

	



cbp_and_split_transform
	vlc(n,v)

	

}
	

	

if( log2TrafoSize <= Log2MaxTrafoSize  && 




log2TrafoSize > Log2MinTrafoSize  &&



trafoDepth < maxDepth  &&  !intraSplitFlag  &&  entropy_coding_mode_flag )
	

	


split_transform_flag[ x0 ][ y0 ][ trafoDepth ]
	u(1) | ae(v)

	

if( PredMode  !=  MODE_INTRA  &&



log2TrafoSize  <=  Log2MaxTrafoSize  &&




entropy_coding_mode_flag ) {
	

	


firstChromaCbf = ( log2TrafoSize  = =  Log2MaxTrafoSize  | |










trafoDepth  = =  0  ?  1  :  0 )
	

	


if( firstChromaCbf  | |  log2TrafoSize  >  Log2MinTrafoSize )  {
	

	



xBase = x0 − ( x0 & ( ( 1 << log2TrafoSize ) − 1 ) )
	

	



yBase = y0 − ( y0 & ( ( 1 << log2TrafoSize ) − 1 ) )
	

	



if( firstChromaCbf  | |  cbf_cb[ xBase ][ yBase ][ trafoDepth − 1 ] )
	

	




cbf_cb[ x0 ][ y0 ][ trafoDepth ]
	u(1) | ae(v)

	



if( firstChromaCbf  | |  cbf_cr[ xBase ][ yBase ][ trafoDepth − 1 ] )
	

	




cbf_cr[ x0 ][ y0 ][ trafoDepth ]
	u(1) | ae(v)

	


}
	

	

}
	

	

if( split_transform_flag[ x0 ][ y0 ][ trafoDepth ] ) {
	

	


x1 = x0 + ( ( 1 << log2TrafoSize ) >> 1 )
	

	


y1 = y0 + ( ( 1 << log2TrafoSize ) >> 1 )
	

	


transform_tree( x0, y0, log2TrafoSize − 1, trafoDepth + 1, 0 )
	

	


transform_tree( x1, y0, log2TrafoSize − 1, trafoDepth + 1, 1 )
	

	


transform_tree( x0, y1, log2TrafoSize − 1, trafoDepth + 1, 2 )
	

	


transform_tree( x1, y1, log2TrafoSize − 1, trafoDepth + 1, 3 )
	

	

} else {
	

	


if( entropy_coding_mode_flag ){
	

	



if( PredMode  = =  MODE_INTRA  | |  trafoDepth  !=  0  | |





cbf_cb[ x0 ][ y0 ][ trafoDepth ]  | |





cbf_cr[ x0 ][ y0 ][ trafoDepth ] )
	

	




cbf_luma[ x0 ][ y0 ][ trafoDepth ]
	u(1) | ae(v)

	


}
	

	


if( log2TrafoSize == 2 &&
 



IntraPredMode[ x0 ][ y0 ] < 17 && cbf_luma[ x0 ][ y0 ][ trafoDepth ]




!ToggleProcessed[get_pu_x(x0,y0)][get_pu_y(x0,y0)] )
	

	



TrToggle
	u(1) | ae(v)

	



ToggleProcessed[get_pu_x(x0,y0)][get_pu_y(x0,y0)] = 1
	

	

}
	

	


if( PredMode  = =  MODE_INTRA )
	

	



if( log2TrafoSize  >  Log2MinTrafoSize ) {
	

	




cbf_cb[ x0 ][ y0 ][ trafoDepth ]
	u(1) | ae(v)

	




cbf_cr[ x0 ][ y0 ][ trafoDepth ]
	u(1) | ae(v)

	



} else if( blkIdx  = =  0 )  {
	

	




cbf_cb[ x0 ][ y0 ][ trafoDepth − 1 ]
	u(1) | ae(v)

	




cbf_cr[ x0 ][ y0 ][ trafoDepth − 1 ]
	u(1) | ae(v)

	



}
	

	

}
	

	
}
	

	}
	



The function get_pu_x(x0,y0) returns the x coordinate of the location (x,y) corresponding to the top-left sample of the prediction unit that contains sample (x0,y0).
The function get_pu_y(x0,y0) returns the y coordinate of the location (x,y) corresponding to the top-left sample of the prediction unit that contains sample (x0,y0).

5 Experimental results

HM 3.0 was modified to implement the proposed method for 4x4 Luma Intra-predicted TUs. The references use the unmodified HM 3.0 software. Coding performance using common conditions for High Efficiency, Low Complexity, and Low Delay (B) configurations are summarized in Table 3. Full results are included in the accompanying spreadsheet. Figure 3 shows a histogram of flag usage for the first frame of BasketballPass, for the AI-HE configuration. In total, the flag was true 45% of the times it was used.
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Figure 3. Histogram of TrToggle usage for 4x4 TUs in first frame of BasketballPass, AI-HE configuration
Table 3. Coding performance for the proposed method

	 
	All intra HE
	All intra LC

	
	Y
	U
	V
	Y
	U
	V

	Class A
	0.0
	0.3
	0.3
	0.0
	0.3
	0.4

	Class B
	0.0
	0.5
	0.5
	0.0
	0.6
	0.6

	Class C
	-0.2
	0.7
	0.7
	-0.1
	0.8
	0.7

	Class D
	-0.2
	0.7
	0.7
	-0.2
	0.8
	0.8

	Class E
	0.1
	0.5
	0.5
	0.1
	0.5
	0.5

	Overall
	0.0
	0.5
	0.5
	0.0
	0.6
	0.6

	Enc Time[%]
	109%
	114%

	Dec Time[%]
	101%
	102%

	
	
	
	
	
	
	

	 
	Random access HE
	Random access LC

	
	Y
	U
	V
	Y
	U
	V

	Class A
	0.0
	0.2
	0.4
	0.0
	0.1
	0.2

	Class B
	0.0
	0.3
	0.3
	0.0
	0.3
	0.4

	Class C
	-0.1
	0.4
	0.3
	-0.1
	0.3
	0.3

	Class D
	-0.1
	0.1
	0.4
	-0.1
	0.1
	0.3

	Class E
	
	
	
	
	
	

	Overall
	-0.1
	0.3
	0.3
	-0.1
	0.2
	0.3

	Enc Time[%]
	100%
	99%

	Dec Time[%]
	99%
	71% (platform-related)

	
	
	
	
	
	
	

	 
	Low delay (B) HE
	Low delay (B) LC

	 
	Y
	U
	V
	Y
	U
	V

	Class A
	
	
	
	
	
	

	Class B
	0.0
	0.0
	0.1
	0.0
	0.1
	0.1

	Class C
	0.0
	0.2
	0.1
	0.0
	0.3
	0.1

	Class D
	0.0
	0.0
	0.4
	0.0
	-0.1
	-0.1

	Class E
	-0.1
	1.1
	0.3
	0.0
	0.6
	0.2

	Overall
	0.0
	0.2
	0.2
	0.0
	0.2
	0.1

	Enc Time[%]
	98%
	99%

	Dec Time[%]
	101%
	102%


6 Conclusions

By signaling that the horizontal and vertical transform types are to be swapped for 4x4 TUs that use a subset of the Intra prediction modes, some improvement is obtainable on the lower-resolution sequences. The swap is signaled in the transform tree for the first occurrence of an applicable TU in each PU. BD-Rate changes for class C and D sequences, using an unmodified HM 3.0 as a reference, average to about −0.1%, and the change for larger sizes averages to 0.0%. The encoding time percentages are 109-114% for all-Intra cases and 98‑100% for the random access and low-delay cases. Decoding time percentages range from 99-102%. Future improvements can include extending the proposed method to mode-dependent 8x8 transforms.
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Figure � SEQ Figure \* ARABIC �1�. Graphical representation of mapping, based on Figure 8-1 of JCTVC-E603_d7
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Legend:





Transform type = 0 (DCT)





Transform type = 1 (DST)
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