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Abstract
This contribution presents the simulation results of Decoder-side Intra Mode Derivation (CE3, JVET-L0164, tests 3.1.1, 3.1.2, 3.1.3 and 3.1.4) on top of VTM-3.0. Modifications carried out on the algorithm with respect to JVET-L0164 are reported. The results for test 3.1.1 show -0.11% gain on average in AI for 122% encoding time and 103% decoding time. The average gain increases to -0.12% for test 3.1.3 where the gradient analysis is extended to directly neighboring pixels. The gains are particularly interesting for class F sequences (-0.38% gain in AI, -0.30% in RA). Test 3.1.4 shows encoding time reductions with only a small gain reduction when applying DIMD on blocks smaller than 128 samples (113% encoding time for -0.09% gain on average).

Introduction
The concept of Decoder-side Intra Mode Derivation (DIMD) was first introduced in JVET-L0164 [1]. DIMD is an intra coding mode wherein the luma intra prediction mode (IPM) is not sent in the bitstream but derived using previously encoded / decoded pixels, in an identical fashion at the encoder and at the decoder. The selection of DIMD is signalled in the bitstream for intra coded blocks using a simple flag. This flag is sent before the multi-reference line (MRL) index. Coding with DIMD assumes the MRL index is 0 (always use neighboring pixels for intra prediction), and thus, the MRL index is not signaled in case the DIMD flag equals 1 (it is inferred to be 0). Furthermore, when the DIMD flag equals 1, all syntax elements used to code the IPM (MPM flag, MPM index or truncated binary codes for non-MPM) are not signaled. Figure 1 illustrates the proposed intra block decoding process.
At the encoder side, DIMD competes with other coding modes, including the classical intra coding mode. After computing the DIMD IPM for a CU, an additional RD check is always performed evaluating the RD cost of predicting with the DIMD IPM, and special DIMD signaling (i.e., DIMD flag to 1, MRL index and IPM syntax elements not signaled). Note that the DIMD IPM could also be evaluated as a classical intra coding mode (same prediction, but signal a DIMD flag to 0, and signal MRL index + syntax elements to code the IPM). 

[bookmark: _Ref527031443]Figure 1: Proposed intra block decoding process[image: ]
To derive the DIMD IPM for a block, a gradient analysis is performed on the pixels of a neighboring 2-pixels wide L-shaped template surrounding the block. This allows to determine a main angular direction for the template, which has a high chance to be equal to the one of the current block. A 3x3 Sobel gradient filter is used, defined by the following matrices:
    and    
For each pixel of the template, whenever possible, we compute a horizontal and a vertical gradient, Gx and Gy, respectively. Computation of gradients is not possible in the following cases:
· For template-pixels that are closest to the current block due to a lack of neighbors
· For template-pixels that are outside of the current picture
· For template-pixels that are located on picture boundaries due to a lack of neighbors
· For template-pixels that are located one line above the current CTU. This is imposed to avoid additional line buffers
For each template-pixel for which a gradient computation was possible, an edge intensity G is calculated as such: , and an intra angular direction corresponding to the edge orientation is derived from Gx and Gy. The intra angular direction is used to index a histogram of gradients or HoG, first initialized to zero. The histogram value at that intra angular direction is increased by G. Once all the pixels in the template have been processed, the histogram will contain cumulative values of gradient intensities, for each intra angular mode. The mode that shows the first highest peak in the histogram is selected as intra prediction mode for the current block. If the maximum value in the histogram is 0, then the DC mode is selected as intra prediction mode for the current block.
To avoid a parsing dependency on reconstructed pixels, the intra prediction mode in DIMD is derived in the reconstruction process, meaning it is unavailable during the parsing process. This has two consequences:
· For the chroma component of a DIMD block, the initial chroma mode candidate list is not modified (usually if the luma mode equals one of the candidates, this candidate would be replaced by the vertical diagonal mode)
· DIMD-coded blocks are treated just like inter blocks during MPM list construction, meaning they are considered unavailable.

Modifications with respect to JVET-L0164
Decoder-side intra mode selection with predictor coding (test 3.1.2)
It was observed that the IPM associated with the highest histogram peak does not always correspond to the best (RD cost wise) DIMD IPM for a given block. Indeed, when two or more edge directions concur in the neighborhood of a block, the one corresponding to the most significant edge (highest gradient amplitude) is not necessarily the most descriptive of the block. Therefore, it is proposed to retain the 3 IPMs corresponding to the 3 highest histogram peaks (sorted in decreasing order of histogram amplitude), to test all 3 at the encoder side using SAD (between the source and the prediction), and to test in RD the best mode between the 3. Evidently, this requires transmitting the index of the selected mode between 0, 1 and 2 (also called predictor). Bypass flags (similar to the ones used to signal the MPM index) are used for that matter.

Decoder-side intra mode derivation with extended gradient filtering for directly neighboring pixels (test 3.1.3)
In a second test, a gradient is computed for template-pixels that are closest (direct neighbors) to the current block. The 3x3 Sobel operators cannot be used as-is in this case because they require unavailable samples from the current block itself. The following 3x2 operators are used instead when computing a gradient on a pixel located in the left column directly neighboring the current block:
    and    
The following 2x3 operators are used when computing a gradient on a pixel located in the top row directly neighboring the current block:
    and    
For the top-left sample neighboring the current block, the following operators are used:
    and    
In the above matrices, the coefficients marked in red correspond to the current pixel.

Decoder-side intra mode derivation restricted for blocks with a number of samples smaller or equal to 128 (test 3.1.4)
In a third test, in an effort to reduce encoding complexity, DIMD is only applied for blocks with a number of luma samples smaller or equal than 128. This means that for blocks larger than 128 luma samples, the DIMD flag is not signaled at all. 
Experiments
According to the CE3 description [2] and the common test conditions [3], the proposed method as per JVET-L0164 (corresponding to test 3.1.1), and the additional tests described in section 2 are evaluated for intra-only (AI) and random-access (RA) configuration on top of VTM-3.0 [4]. The corresponding simulations were conducted on an Intel Xeon Platinum 8180 machine (AVX2 on, turbo boost on, hyperthreading on) with CentOS Linux 7 and a GCC 4.8.5 compiler.

Results of the proposed tests
Table 1: Results for test 3.1.1 with an AI configuration
	
	Y
	U
	V
	EncT
	DecT

	Class A1
	-0,17%
	-0,20%
	-0,11%
	122%
	102%

	Class A2
	-0,06%
	-0,01%
	0,00%
	117%
	102%

	Class B
	-0,06%
	-0,03%
	0,02%
	121%
	103%

	Class C
	-0,10%
	-0,12%
	-0,16%
	124%
	105%

	Class E
	-0,21%
	-0,12%
	-0,18%
	125%
	104%

	Overall 
	-0,11%
	-0,09%
	-0,08%
	122%
	103%

	Class D
	-0,18%
	-0,15%
	-0,22%
	116%
	106%

	Class F
	-0,22%
	-0,19%
	-0,08%
	121%
	105%



Table 2: Results for test 3.1.1 with a RA configuration
	
	Y
	U
	V
	EncT
	DecT

	Class A1
	-0,08%
	-0,03%
	-0,04%
	104%
	101%

	Class A2
	-0,04%
	-0,12%
	0,03%
	100%
	101%

	Class B
	-0,07%
	0,14%
	-0,06%
	106%
	101%

	Class C
	-0,09%
	-0,28%
	-0,18%
	104%
	101%

	Class E
	 
	
	 
	 
	 

	Overall
	-0,07%-0,07%
	-0,06%-0,26%
	-0,07%-0,07%
	104%103%
	101%101%

	Class D
	-0,11%
	-0,26%
	-0,06%
	101%
	101%

	Class F
	-0,19%
	-0,11%
	-0,07%
	104%
	102%



Table 3: Results for test 3.1.2 with an AI configuration
	
	Y
	U
	V
	EncT
	DecT

	Class A1
	-0,09%
	-0,11%
	-0,06%
	121%
	101%

	Class A2
	0,01%
	0,01%
	-0,01%
	116%
	102%

	Class B
	0,02%
	-0,02%
	0,01%
	123%
	102%

	Class C
	0,01%
	-0,06%
	-0,07%
	123%
	104%

	Class E
	-0,02%
	-0,08%
	0,01%
	126%
	103%

	Overall 
	-0,01%
	-0,05%
	-0,02%
	122%
	102%

	Class D
	-0,07%
	-0,25%
	-0,12%
	118%
	104%

	Class F
	0,12%
	0,04%
	0,04%
	124%
	103%







Table 4: Results for test 3.1.2 with a RA configuration
	
	Y
	U
	V
	EncT
	DecT

	Class A1
	-0,03%
	0,04%
	0,04%
	103%
	100%

	Class A2
	0,03%
	0,12%
	0,07%
	98%
	100%

	Class B
	0,00%
	0,08%
	-0,02%
	105%
	100%

	Class C
	0,03%
	0,01%
	0,10%
	104%
	100%

	Class E
	 
	
	 
	 
	 

	Overall
	0,01%
	0,06%
	0,04%
	103%
	100%

	Class D
	0,00%
	-0,31%
	-0,02%
	101%
	100%

	Class F
	0,03%
	0,11%
	0,10%
	104%
	101%



Table 5: Results for test 3.1.3 with an AI configuration
	
	Y
	U
	V
	EncT
	DecT

	Class A1
	-0,14%
	-0,10%
	-0,09%
	123%
	102%

	Class A2
	-0,07%
	-0,01%
	-0,03%
	117%
	103%

	Class B
	-0,07%
	0,04%
	0,02%
	124%
	104%

	Class C
	-0,12%
	-0,14%
	-0,17%
	128%
	106%

	Class E
	-0,19%
	-0,03%
	0,01%
	127%
	105%

	Overall 
	-0,12%
	-0,04%
	-0,05%
	124%
	104%

	Class D
	-0,14%
	-0,11%
	-0,01%
	121%
	106%

	Class F
	-0,38%
	-0,34%
	-0,22%
	121%
	107%



Table 6: Results for test 3.1.3 with a RA configuration
	
	Y
	U
	V
	EncT
	DecT

	Class A1
	-0,06%
	-0,01%
	-0,02%
	103%
	101%

	Class A2
	-0,05%
	0,06%
	0,15%
	99%
	100%

	Class B
	-0,03%
	0,05%
	-0,13%
	106%
	100%

	Class C
	-0,06%
	-0,13%
	0,19%
	103%
	101%

	Class E
	 
	
	 
	 
	 

	Overall
	-0,05%-0,05%
	-0,01%-0,01%
	0,03%0,07%
	103%103%
	101%101%

	Class D
	-0,10%
	-0,12%
	-0,17%
	100%
	101%

	Class F
	-0,30%
	-0,25%
	0,04%
	103%
	101%



Table 7: Results for test 3.1.4 with an AI configuration
	
	Y
	U
	V
	EncT
	DecT

	Class A1
	-0,10%
	-0,19%
	-0,04%
	111%
	101%

	Class A2
	-0,04%
	-0,02%
	-0,05%
	105%
	102%

	Class B
	-0,05%
	-0,05%
	0,00%
	116%
	102%

	Class C
	-0,11%
	-0,10%
	-0,15%
	112%
	105%

	Class E
	-0,15%
	-0,10%
	-0,08%
	121%
	104%

	Overall 
	-0,09%
	-0,09%
	-0,06%
	113%
	103%

	Class D
	-0,19%
	-0,13%
	-0,21%
	111%
	105%

	Class F
	-0,14%
	-0,14%
	-0,07%
	118%
	104%



Table 8: Results for test 3.1.4 with a RA configuration
	
	Y
	U
	V
	EncT
	DecT

	Class A1
	-0,04%
	0,05%
	0,05%
	96%
	100%

	Class A2
	-0,04%
	0,13%
	0,18%
	93%
	100%

	Class B
	-0,04%
	0,14%
	-0,20%
	102%
	100%

	Class C
	-0,07%
	0,05%
	0,11%
	104%
	101%

	Class E
	 
	
	 
	 
	 

	Overall
	-0,05%
	0,10%
	0,01%
	100%
	100%

	Class D
	-0,11%
	-0,23%
	-0,28%
	101%
	101%

	Class F
	-0,17%
	-0,09%
	-0,05%
	101%
	99%



Results summary
Table 9: Results summary
	
	AI
	RA

	
	Y
	EncT
	DecT
	Y
	EncT
	DecT

	Test 3.1.1
	Overall
	-0,11%
	122%
	103%
	-0,07%
	[bookmark: _GoBack]103104%
	101%

	
	Class F
	-0,22%
	121%
	105%
	-0,19%
	104%
	102%

	Test 3.1.2
	Overall
	-0,01%
	122%
	102%
	0,01%
	103%
	100%

	
	Class F
	0,12%
	124%
	103%
	0,03%
	104%
	101%

	Test 3.1.3
	Overall
	-0,12%
	124%
	104%
	-0,05%
	103%
	101%

	
	Class F
	-0,38%
	121%
	107%
	-0,30%
	103%
	101%

	Test 3.1.4
	Overall
	-0,09%
	113%
	103%
	-0,05%
	100%
	100%

	
	Class F
	-0,14%
	118%
	104%
	-0,17%
	101%
	99%



Cross-checks
Cross-checks for the tests have been performed by Panasonic (test 3.1.1), Qualcomm (test 3.1.2), and Huawei (tests 3.1.3 and 3.1.4). 

Conclusions
Test 3.1.1 brings -0.11% gain in AI. The gain is lower than the one reported in JVET-L0164 where DIMD was implemented on top of VTM-2.0.1. This loss is due to the adoption in VTM-3.0 of two tools that are competing with the same gains as DIMD: MRL and 6-MPM. The 6-MPM tool highly affects the DIMD gains, because the purpose of DIMD is to reduce the number of bits allocated to signaling the IPM. By having 6 MPMs, the large signaling cost of modes that were not in the original 3-MPM list and that were thus truncated binary coded, is now reduced. The usefulness of DIMD in this context is thus further limited.
Test 3.1.2 brings practically no gain. The potential gains obtained by increasing the number of possible DIMD IPMs are completely compensated by the additional signaling needed for the predictor index. More efficient predictor signaling (maybe using contextualisation) can however overcome this limitation.
Test 3.1.3 brings the most overall gains with -0.12%, with a significant gain on class F sequences (-0.38%) in AI (-0.05% and -0.30% respectively in RA). The good results obtained in class F sequences can be explained by the fact that class F sequences have more sharp and clearly defined directional edges. The DIMD IPMs are particularly good descriptors of blocks in this case, and thus, an accurate prediction can be achieved with them. Coupled with a simplified signaling, the tool is particularly efficient for these sequences.
Finally test 3.1.4 shows that significant encoding time reductions (from 124% to 113% in AI) can be achieved by applying DIMD only on blocks smaller than 128 samples. The average gains compared to the ones of test 3.1.1 are only slightly reduced (from -0.11% to -0.09% in AI). DIMD is indeed particularly efficient for smaller blocks because as blocks (and corresponding neighborhoods) increase in size, finding more than one predominant edge direction in the block’s neighborhood becomes more likely, and this, in turn, leads to less efficient predictions.
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