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Abstract
This document presents the results of two tests, namely CE4-1.12 and CE4-1.13. In test CE4-1.12, a combination of CIIP with triangular partitions and partial transform is evaluated. Test CE4-1.13 is implemented on top of test CE4-1.12 by adding geometric merge mode (GEO) with partial transform. Effectively, CE4-1.13 is a combination tests CE4-1.5 and CE4-1.12. Over VTM-6.0, test CE4-1.12 reportedly shows the overall results of -0.09% (Y), -0.05% (U), -0.01% (V) with encoding time of 103% for RA configuration and -0.31% (Y), 0.02% (U), -0.08% (V) with encoding time of 103% for LDB configuration. Over VTM-6.0, test CE4- 1.13 reportedly provides the overall results of -0.41% (Y), -0.47% (U), -0.47% (V) with encoding time of 106% for RA configuration and -0.97% (Y), -0.79% (U), -0.63% (V) with encoding time of 108% for LDB configuration. Decoding time is appr. 100% in both tests.
Introduction
Combined tests CE4-1.12 and CE4-1.13 were included into Core Experiment 4 “Inter prediction” to evaluate the compression performance of, on the one hand, CIIP with triangular partitions [1] and, on the other hand, partial transform [2]. Note that test CE4-1.13 is effectively a combination of tests CE4-1.12 and CE4-1.5 [2] since geometric merge mode (GEO) [3] is added as the 3rd component to the combination of CIIP with triangular partitions and partial transform. A combination of GEO and CIIP with triangular partitions but without partial transform is evaluated in [4].

Proposed method
In both tests, CE4-1.12 and CE4-1.13 we propose to perform apply partial transform for the PUs where the partial transform is available and is indicated to be performed. Partial transform is applied only for luma component and consists in transforming only to an area of a PU. This area is defined to have sides that are not necessarily orthogonal or parallel to the sides of a PU. Instead, the sides of the area may have a skew that is determined by a splitting line angle, wherein this splitting line is an inherent part of a corresponding splitting method, namely GEO, TPM or CIIP with triangular partitions.  
 Indication of whether a residual of a PU is subject to be processed by partial transform is done in residual coding, after “tu_cbf_luma” flag is determined to be true:
		if( tu_cbf_luma[ x0 ][ y0 ] ) {
	

	         if (partial_transform enabled
             && (MergeTriangleFlag || geo_flag[ x0 ][ y0 ] ) && !cu_skip_flag[ x0 ][ y0 ]
             && !cu_skip_flag[ x0 ][ y0 ] && !cu_transquant_bypass_flag) {
	

	             part_trans_flag[ x0 ][ y0 ]
	ae(v)

	             if (part_trans_flag)
	

	                        part_trans_idx[ x0 ][ y0 ]
	ae(v)

	             }
	


In tests CE4-1.12 and CE4-1.13 it is assumed that MergeTriangleFlag indicates the presence of either TPM or CIIP with triangular partitions. Evidently, “|| geo_flag[ x0 ][ y0 ]” part is not present in CE4-1.12 since it does not have a GEO part in it.
Starting and ending point of the PT line that defines a partial transform area (PT area) is derived from the parameters of the splitting line and the shape of the PU. The PT area is specified by this line. In particular, for each position along this line, the number of samples which is equal to ½ or ¼ of the shorter side are selected column-wise in case the shorter side is the left or right side of the PU, or row-wise in case the shorter side is the top side or bottom side of the PU. The center position of the selected samples is the position on the PT line.
The process of inverse transform is modified to position the reconstructed residual signal into the PT area of the PU. Samples outside the PT are set equal to zero. In order to avoid visual artifacts the following residual propagation is performed after the PT area is populated with residual samples. Depending on whether a scan of a PT area is row-wise or columnwise, two outmost samples are selected for each row or each column, respectively. Each of these samples is propagated outside the PT area (correspondingly, within a row or a column), so that a sample value outside the PT area is redefined:
p[x,y] = s >> d, 
wherein s is the luminance value of a selected outmost PT area residual sample, d is the number of samples from the selected outmost PT area residual sample to the sample value outside the PT area that is being redefined. The sample value outside the PT area that have the value of d greater than 3 are not redefined, i.e. set equal to 0.
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Experimental results
The simulation results reportedly obtained for test CE4-1.12 and CE4-1.13 using the common test conditions [5] over VTM-6.0 are presented in Table 1 and Table 2 for RA and LDB configurations.

Table 1. Simulation results for test CE4-1.12
	
	Random Access 

	
	Over VTM6.0

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	-0.03%
	-0.10%
	0.01%
	102%
	100%

	Class A2
	-0.05%
	0.09%
	0.06%
	102%
	99%

	Class B
	-0.07%
	0.00%
	-0.01%
	102%
	100%

	Class C
	-0.19%
	-0.16%
	-0.05%
	103%
	102%

	Class E
	 
	
	 
	 
	 

	Overall
	-0.09%
	-0.05%
	-0.01%
	103%
	100%

	Class D
	-0.11%
	-0.14%
	0.04%
	103%
	104%

	Class F (optional)
	-0.09%
	0.03%
	-0.01%
	102%
	102%

	
	
	
	
	
	

	
	Low delay B  

	
	Over VTM6.0

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	 
	 
	 
	 
	 

	Class A2
	 
	
	 
	 
	 

	Class B
	-0.26%
	-0.02%
	-0.15%
	103%
	100%

	Class C
	-0.39%
	-0.18%
	-0.30%
	104%
	100%

	Class E
	-0.29%
	0.34%
	0.31%
	103%
	99%

	Overall
	-0.31%
	0.02%
	-0.08%
	103%
	100%

	Class D
	-0.20%
	0.20%
	-0.15%
	104%
	100%

	Class F (optional)
	-0.08%
	0.01%
	0.30%
	102%
	100%



Table 2. Simulation results for test CE4-1.13
	
	Random Access 

	
	Over VTM6.0

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	-0.20%
	-0.29%
	-0.25%
	106%
	100%

	Class A2
	-0.27%
	-0.26%
	-0.14%
	105%
	100%

	Class B
	-0.26%
	-0.25%
	-0.31%
	106%
	100%

	Class C
	-0.88%
	-1.03%
	-1.09%
	107%
	102%

	Class E
	 
	
	 
	 
	 

	Overall
	-0.41%
	-0.47%
	-0.47%
	106%
	100%

	Class D
	-0.53%
	-0.89%
	-0.70%
	107%
	104%

	Class F (optional)
	-0.39%
	-0.45%
	-0.37%
	104%
	102%

	
	
	
	
	
	

	
	Low delay B  

	
	Over VTM6.0

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	 
	 
	 
	 
	 

	Class A2
	 
	
	 
	 
	 

	Class B
	-0.60%
	-0.59%
	-0.55%
	108%
	101%

	Class C
	-1.20%
	-1.16%
	-1.11%
	109%
	101%

	Class E
	-1.25%
	-0.62%
	-0.11%
	106%
	99%

	Overall
	-0.97%
	-0.79%
	-0.63%
	108%
	100%

	Class D
	-0.85%
	-1.27%
	-1.02%
	109%
	100%

	Class F (optional)
	-0.72%
	-0.40%
	-0.34%
	105%
	100%



Conclusion
In this contribution, the results of combined tests CE4-1.12 and CE4-1.13 are presented. The obtained simulation results for test CE4-1.12 confirm that the compression performance improvements provided by CIIP with triangular partitions and partial transform are additive. A similar conclusion can be drawn for a combination of CIIP with triangular partitions, GEO and partial transform (test CE4-1.13). The BD-rate gain of appr. 1% obtained for test CE4-1.13 at the cost of 8% encoding time increase for LDB configuration is especially remarkable in view of negligible decoding time change. 
Based on these results, we recommend to adopt the proposed changes into the VTM reference software and the VVC spec draft.
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