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Abstract
This contribution reports the results for EE2 Test 2.1a and Test 2.1b which were proposed in JVET-AE0071. The method proposes to merge the Decoder-side Intra Mode Derivation (DIMD) information from neighbouring blocks to predict the current block. When neighbouring blocks encoded with DIMD are available, the DIMD histograms are combined to form a new DIMD Merge histogram for the current block. DIMD Merge modes and weights are computed based on this merged histogram. Two tests are conducted in this EE. In Test 2.1a, all the amplitudes from the DIMD histogram of the neighbouring DIMD or DIMD merge blocks are used to generate the DIMD histogram for the DIMD merge mode. In Test 2.1b, only the five highest amplitudes from the DIMD histogram of the neighbouring DIMD or DIMD merge blocks are used to generate the DIMD histogram for the DIMD merge mode, resulting in reduced memory requirements compared to Test 2.1a. The impact on coding efficiency and runtimes of the tests over ECM-10.0 are reportedly {for Y, U, V, EncT, DecT, VmPeak}:
Test 2.1a: 
AI {-0.07%, 0.05%, -0.04%, 102.1%, 99.9%, 101.1%}
%, %, %}, RA {-0.03%, 0.01%, -0.04%, 100.3%, 99.7%, 100.8%}%, %, %}
Test 2.1b: 
AI {-0.08%, 0.04%, -0.01%, 101.9%, 100.3%, 100.2%%, %, %}, 
RA {-0.04%, 0.06%, -0.05%, 99.2%	, 99.8%, 100.2%%, %, %}

Introduction
ECM includes Decoder-side Intra Mode Derivation (DIMD). When using DIMD, up to five DIMD modes are derived, by analysing the directionality of the content in the surrounding of the current block. A Histogram of Gradients (HoG) is computed on a three-sample wide/high L-shaped template formed of already reconstructed samples. This is obtained using the Sobel filter, accumulating the magnitudes of all gradients at a given direction for the samples within the template. The directions with highest cumulative magnitude are selected as DIMD modes. The predictors obtained with the DIMD modes are then blended to form the final DIMD prediction. Uniform or spatial blending is used, where the DIMD predictors are combined with a Planar predictor, using weights that depend on the relative magnitudes of the modes in the histogram of gradients.
Proposed Method
When using DIMD Merge, the DIMD information extracted from neighbouring blocks is used to compute the intra prediction for the current block. A new Merged Histogram of Gradients (MHoG) is computed for the current block based on the HoGs of neighbouring blocks. Only neighbouring blocks encoded with DIMD or with DIMD Merge are considered.  
When a single DIMD or DIMD Merge neighbouring block is available, then its histogram of gradients is used to form the MHoG for the current block. If more than one DIMD or DIMD Merge neighbouring blocks are available, the corresponding histograms are combined by means of amplitude averaging to derive the MHoG. Up to maximum 13 CUs in the surrounding of the current block are considered to extract DIMD information.
Finally, the MHoG is used to compute intra-prediction modes and weights, as in conventional DIMD. The directional modes and their weights corresponding to the five highest amplitudes in the MHoG are selected, and the corresponding predictors are blended as in conventional DIMD.
Test 2.1a - DIMD Merge
When more than one neighbouring blocks encoded with DIMD or DIMD merge are available, then their HoGs are combined by averaging all the amplitudes from their respective histograms.
Test 2.1b - DIMD Merge with reduced storage
In contrast to Test 2.1a, when more than one neighbouring blocks encoded with DIMD or DIMD merge are available, then their HoGs are combined by averaging the five highest amplitudes from their respective histograms. Only the five highest amplitudes are stored for a DIMD CU.
Memory analysis
The following table provides an analysis of the worst-case memory requirements of DIMD merge. This was computed in the worst-case scenario of a frame that is fully partitioned to the smallest possible CU size (4x4 luma samples), where all CUs are encoded using DIMD. 

	Class
	Max CUs /
row
	EE2-2.1a
memory
[Bytes]
	EE2-2.1b
memory
[Bytes]

	A1/A2
	960
	515632
	38480

	B/F
	480
	258352
	19280

	C
	208
	112560
	8400

	D
	104
	56816
	4240

	E
	320
	172592
	12880



It is asserted that in CTC All Intra, the actual memory requirements measured correspond to a 1.1% increase for Test 2.1a, and a 0.12% increase for Test 2.1b. 
In CTC Random Access, the actual memory requirements measured correspond to a 0.8% increase for Test 2.1a, and a 0.12% increase for Test 2.1b

Experimental results
The tables below summarize the coding efficiency, runtime impact, and peak memory consumption of EE2 Test 2.1a and Test 2.1b in ECM 10.0 using the JVET common test conditions.
Test 2.1a

	
	All Intra Main 10 

	
	Over ECM-10.0

	
	Y
	U
	V
	EncT
	DecT
	VmPeak

	Class A1
	-0.09%
	0.21%
	-0.09%
	102.6%
	101.1%
	100.9%

	Class A2
	-0.10%
	-0.03%
	-0.05%
	99.1%
	100.3%
	101.0%

	Class B
	-0.07%
	0.05%
	-0.10%
	100.6%
	100.1%
	101.0%

	Class C
	-0.06%
	0.03%
	0.08%
	103.4%
	99.7%
	101.5%

	Class E
	-0.04%
	0.01%
	-0.04%
	105.4%
	98.1%
	101.2%

	[bookmark: _Hlk147910837]Overall 
	-0.07%
	0.05%
	-0.04%
	102.1%
	99.9%
	101.1%

	Class D
	-0.03%
	0.11%
	-0.10%
	100.0%
	98.5%
	101.6%

	Class F
	-0.07%
	0.01%
	0.06%
	100.1%
	100.3%
	101.2%

	Class TGM
	0.00%
	0.01%
	0.03%
	97.1%
	103.8%
	101.0%

	
	
	
	
	
	
	

	
	Random Access Main 10

	
	Over ECM-10.0

	
	Y
	U
	V
	EncT
	DecT
	VmPeak

	Class A1
	-0.06%
	-0.19%
	-0.02%
	99.4%
	98.0%
	100.6%

	Class A2
	0.01%
	-0.06%
	-0.06%
	100.9%
	100.1%
	100.2%

	Class B
	-0.04%
	0.08%
	-0.11%
	100.3%
	97.9%
	100.8%

	Class C
	-0.01%
	0.12%
	0.06%
	100.6%
	103.2%
	101.3%

	Class E
	 
	
	 
	 
	
	 

	Overall
	-0.03%
	0.01%
	-0.04%
	100.3%
	99.7%
	100.8%

	Class D
	-0.03%
	-0.43%
	-0.29%
	101.0%
	96.0%
	100.2%

	Class F
	-0.02%
	0.10%
	0.21%
	100.3%
	101.3%
	100.3%

	Class TGM
	-0.02%
	-0.02%
	0.00%
	99.0%
	101.3%
	100.0%



Test 2.1b

	
	All Intra Main 10 

	
	Over ECM-10.0 FULL

	
	Y
	U
	V
	EncT
	DecT
	VmPeak

	Class A1
	-0.09%
	0.01%
	-0.05%
	100.7%
	100.9%
	100.2%

	Class A2
	-0.11%
	-0.04%
	-0.06%
	103.7%
	99.5%
	100.2%

	Class B
	-0.08%
	0.07%
	-0.04%
	101.8%
	100.4%
	100.2%

	Class C
	-0.06%
	0.03%
	0.13%
	101.9%
	100.6%
	100.3%

	Class E
	-0.04%
	0.12%
	-0.08%
	101.5%
	100.1%
	100.2%

	Overall 
	-0.08%
	0.04%
	-0.01%
	101.9%
	100.3%
	100.2%

	Class D
	-0.03%
	-0.01%
	0.00%
	101.5%
	97.8%
	100.3%

	Class F
	-0.06%
	0.04%
	0.01%
	97.8%
	103.4%
	100.3%

	Class TGM
	0.00%
	-0.01%
	0.01%
	99.6%
	100.6%
	100.2%

	
	
	
	
	
	
	

	
	Random Access Main 10

	
	Over ECM-10.0 FULL

	
	Y
	U
	V
	EncT
	DecT
	VmPeak

	Class A1
	-0.07%
	0.03%
	-0.01%
	98.6%
	99.1%
	100.0%

	Class A2
	-0.03%
	-0.11%
	0.07%
	96.0%
	102.5%
	100.1%

	Class B
	-0.04%
	0.15%
	-0.06%
	99.0%
	97.4%
	100.3%

	Class C
	-0.04%
	0.09%
	-0.14%
	102.4%
	101.5%
	100.3%

	Class E
	 
	
	 
	 
	
	 

	Overall
	-0.04%
	0.06%
	-0.05%
	99.2%
	99.8%
	100.2%

	Class D
	-0.04%
	-0.13%
	0.00%
	101.0%
	96.0%
	100.2%

	Class F
	0.00%
	-0.01%
	-0.19%
	100.3%
	101.3%
	100.3%

	Class TGM
	-0.01%
	0.08%
	0.01%
	99.0%
	101.3%
	100.0%
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