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Abstract
This contribution proposes to remove the offset table from MIP and replaces it with a simple derivation based on a shift operation. It enables to both simplify the specification and the prediction process as offset multiplication is replaced by with a shift. Simulations show no losses on CTC and external datasets.
Introduction 
During the 15th JVET meeting in Gothenburg, Sweden, a modified design of MIP was adopted for VVC draft version 6 [1], providing significant design simplification and storage savings [2]. Despite efforts to simplify the process and reduce the storage from previous versions [3], MIP still includes a lot of tables and can be further simplified. The VTM-6.0 MIP design comprises 34 matrices distributed as follows:
· MipSizeId=0  N=18 matrices (16x4), one offset vector (1x18) and one shift vector (1x18).
· MipSizeId=1  N=10 matrices (16x8), one offset vector (1x10) and one shift vector (1x10).
· MipSizeId=2  N=6 matrices (64x7), one offset vector (1x6) and one shift vector (1x6).
The VVC version 6 specification includes the following table to derive offset value:

Table 2: Specification of offset factor sO depending on MipSizeId and modeId
	
	modeId

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

	0
	34
	21
	7
	27
	27
	28
	56
	13
	47
	15
	40
	21
	16
	7
	45
	66
	21
	32

	1
	17
	20
	11
	45
	17
	11
	23
	10
	21
	11
	

	2
	8
	46
	16
	10
	13
	11
	



These offset values are used during the prediction process as follows:
oW = ( 1 << ( sW − 1 ) ) – sO * ()	(8‑64)
incW = ( predC > mipW )  ?  2  :  1		(8‑65)
incH = ( predC > mipH )  ?  2  :  1		(8‑66)
predMip[ x ][ y ] = ( ( (  ) + 
	oW ) >> sW ) + pTemp[ 0 ]			(8‑67)
It is first noticed that implementing this process requires to derive offset values depending on both modeId and MipSizeId. Second, it requires to perform a multiplication (see equation 8-64). This contribution simplifies both aspects and removes this unnecessary complexity.
Proposed design
First, it is proposed to remove the offset table. As having a single offset value for all matrices brings some losses, it is proposed to derive offset values as follows:

For each MipSizeId and associated matrices, weights are aligned to share the same offset while keeping 7-bit storage requirement. The following operation is applied to each matrix weight value:

Applying this operation to VTM6 matrices is almost seamless as only few weights are clipped. 
Second, it is proposed to modify the prediction process to take advantage of the power-of-two offset. It enables to replace multiplication by a shift in Equation (8-64). The attached specification (see “JVET-P0625-spec-text-v1.docx”) includes the changes that are described below:
“
For the intra sample prediction process according to predModeIntra, the following ordered steps apply:
1. The matrix-based intra prediction samples predMip[ x ][ y ], with x = 0..mipW − 1, y = 0..mipH − 1 are derived as follows:
1. The variable modeId is derived as follows:
modeId = predModeIntra − ( isTransposed  ?  numModes / 2  :  0 )	(8‑63)
1. The weight matrix mWeight[ x ][ y ] with x = 0..2 * inSize − 1, y = 0..predC * predC − 1 is derived by invoking the MIP weight matrix derivation process as specified in clause 8.4.5.2.3 with MipSizeId[ xTbCmp ][ yTbCmp ] and modeId as inputs.
1. The variable sW is derived using MipSizeId[ xTbCmp ][ yTbCmp ] and modeId as specified in Table 8‑5.
1. The variable sO is set equal to 6 - MipSizeId[ xTbCmp ][ yTbCmp ].
1. The variable sO is derived using MipSizeId[ xTbCmp ][ yTbCmp ] and modeId as specified in Table 8‑6.
1. The matrix-based intra prediction samples predMip[ x ][ y ], with x = 0..mipW − 1, y = 0..mipH − 1 are derived as follows:
oW = ( 1 << ( sW − 1 ) ) − fO * ( () << sO )	(8‑64)
incW = ( predC > mipW )  ?  2  :  1		(8‑65)
incH = ( predC > mipH )  ?  2  :  1		(8‑66)
predMip[ x ][ y ] = ( ( (  ) + 
	oW ) >> sW ) + pTemp[ 0 ]	(8‑67)
2. The matrix-based intra prediction samples predMip[ x ][ y ], with x = 0..mipW − 1, y = 0..mipH − 1 are clipped as follows:
predMip[ x ][ y ] = Clip1Y( predMip[ x ][ y ] )	(8‑68)
3. When isTransposed is equal to TRUE, the predH x predW array predMip[ x ][ y ] with x = 0..predH − 1, y = 0..predW − 1 is transposed as follows:
predTemp[ y ][ x ] = predMip[ x ][ y ]	 	(8‑69)
predMip =predTemp			(8‑70)
4. The predicted samples predSamples[ x ][ y ], with x = 0..nTbW − 1, y = 0..nTbH − 1 are derived as follows:
1. If nTbW is greater than predW or nTbH is greater than predH, the MIP prediction upsampling process as specified in clause 8.4.5.2.4 is invoked with the input block width predW, the input block height predH, matrix-based intra prediction samples predMip[ x ][ y ] with x = 0..predW − 1, y = 0..predH − 1, the transform block width nTbW, the transform block height nTbH, the top reference samples refT[ x ] with x = 0..nTbW − 1, and the left reference samples refL[ y ] with y = 0..nTbH − 1 as inputs, and the output is the predicted sample array predSamples.
1. Otherwise, predSamples[ x ][ y ], with x = 0..nTbW − 1, y = 0..nTbH − 1 is set equal to predMip[ x ][ y ].

[bookmark: _Ref9003070]Table 8‑5 – Specification of weight shift sW depending on MipSizeId and modeId
	
	modeId

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

	0
	6
	6
	6
	5
	6
	5
	5
	6
	5
	6
	6
	6
	6
	6
	5
	6
	5
	5

	1
	6
	6
	6
	6
	6
	6
	6
	6
	6
	7
	

	2
	7
	5
	6
	6
	6
	6
	



[bookmark: _Ref14100811][bookmark: _Ref8917681]Table 8‑6 – Specification of offset factor sO depending on MipSizeId and modeId
	
	modeId

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

	0
	34
	21
	7
	27
	27
	28
	56
	13
	47
	15
	40
	21
	16
	7
	45
	66
	21
	32

	1
	17
	20
	11
	45
	17
	11
	23
	10
	21
	11
	

	2
	8
	46
	16
	10
	13
	11
	


“


Experimental Results
The proposed design has been implemented into the VTM-6.0 software. Performance is assessed on CTC, Low-QP CTC and other sequences outside the CTC. Results are provided in the following subsections. Please note that decoding runtimes are not accurate.
CTC

Table 4: AI performance under CTC
	
	All Intra Main10 

	
	Over VTM6.0

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	0.05%#VALUE!
	0.04%#VALUE!
	0.09%#VALUE!
	100%#NUM!
	100%#NUM!

	Class A2
	0.02%#VALUE!
	0.04%#VALUE!
	-0.03%#VALUE!
	101%#NUM!
	100%#NUM!

	Class B
	0.02%
	0.03%
	-0.02%
	100%
	99%

	Class C
	0.02%
	-0.16%
	0.00%
	101%
	103%

	Class E
	0.05%
	-0.04%
	0.06%
	101%
	100%

	Overall 
	0.03%#VALUE!
	-0.02%#VALUE!
	0.01%#VALUE!
	101%#NUM!
	101%#NUM!

	Class D
	0.00%
	0.08%
	-0.06%
	102%
	102%

	Class F (optional)
	0.01%
	-0.03%
	0.04%
	100%
	99%



Table 5: RA performance under CTC
	
	Random Access Main 10

	
	Over VTM6.0

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	0.03%#VALUE!
	0.04%#VALUE!
	0.05%#VALUE!
	99%#NUM!
	100%#NUM!

	Class A2
	0.02%#VALUE!
	0.00%#VALUE!
	0.07%#VALUE!
	100%#NUM!
	101%#NUM!

	Class B
	0.00%
	0.09%
	0.09%
	100%
	100%

	Class C
	0.02%
	0.04%
	0.10%
	98%
	99%

	Class E
	
	
	
	
	

	Overall
	0.02%#VALUE!
	0.05%#VALUE!
	0.08%#VALUE!
	99%#NUM!
	100%#NUM!

	Class D
	-0.06%
	-0.23%
	-0.13%
	97%
	95%

	Class F (optional)
	0.02%
	-0.03%
	0.07%
	100%
	101%



Table 6: LDB performance under CTC
	
	Low delay B Main10 

	
	Over VTM6.0

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	
	
	
	
	

	Class A2
	
	
	
	
	

	Class B
	-0.02%#VALUE!
	0.23%#VALUE!
	-0.28%#VALUE!
	100%#NUM!
	99%#NUM!

	Class C
	0.01%
	-0.20%
	0.09%
	100%
	104%

	Class E
	-0.06%
	0.59%
	0.30%
	99%
	100%

	Overall
	-0.02%#VALUE!
	0.18%#VALUE!
	-0.01%#VALUE!
	100%#NUM!
	101%#NUM!

	Class D
	-0.01%
	0.16%
	0.42%
	101%
	102%

	Class F (optional)
	0.00%#VALUE!
	0.34%#VALUE!
	0.40%#VALUE!
	100%#NUM!
	101%#NUM!



Low-QP CTC

Table 7: AI performance under Low-QP CTC
	
	All Intra Main10 

	
	Over VTM6.0

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	0.05%#VALUE!
	0.06%#VALUE!
	0.07%#VALUE!
	100%#NUM!
	101%#NUM!

	Class A2
	0.01%#VALUE!
	0.00%#VALUE!
	0.00%#VALUE!
	100%#NUM!
	103%#NUM!

	Class B
	0.01%
	-0.01%
	-0.01%
	99%
	98%

	Class C
	0.00%
	0.01%
	0.04%
	100%
	97%

	Class E
	0.01%
	0.02%
	0.05%
	99%
	96%

	Overall 
	0.01%#VALUE!
	0.01%#VALUE!
	0.03%#VALUE!
	100%#NUM!
	99%#NUM!

	Class D
	0.00%
	-0.01%
	0.03%
	96%
	99%

	Class F (optional)
	0.00%
	0.01%
	0.02%
	100%
	101%



Table 8: RA performance under Low-QP CTC
	
	Random Access Main 10

	
	Over VTM6.0

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	#VALUE!
	#VALUE!
	#VALUE!
	#NUM!
	#NUM!

	Class A2
	#VALUE!
	#VALUE!
	#VALUE!
	#NUM!
	#NUM!

	Class B
	0.01%#VALUE!
	0.01%#VALUE!
	0.03%#VALUE!
	99%#NUM!
	98%#NUM!

	Class C
	-0.01%
	-0.02%
	-0.03%
	99%
	98%

	Class E
	
	
	
	
	

	Overall
	#VALUE!
	#VALUE!
	#VALUE!
	#NUM!
	#NUM!

	Class D
	-0.02%
	-0.05%
	-0.06%
	97%
	98%

	Class F (optional)
	-0.08%#VALUE!
	-0.16%#VALUE!
	-0.08%#VALUE!
	100%#NUM!
	99%#NUM!



Table 9: LDB performance under Low-QP CTC
	
	Low delay B Main10 

	
	Over VTM6.0

	
	Y
	U
	V
	EncT
	DecT

	Class B
	0.00%#VALUE!
	-0.01%#VALUE!
	0.00%#VALUE!
	99%#NUM!
	101%#NUM!

	Class C
	0.00%
	0.01%
	-0.01%
	101%
	102%

	Class E
	-0.01%#VALUE!
	0.00%#VALUE!
	0.02%#VALUE!
	99%#NUM!
	98%#NUM!

	Overall
	0.00%#VALUE!
	0.00%#VALUE!
	0.00%#VALUE!
	100%#NUM!
	101%#NUM!

	Class D
	-0.01%
	0.01%
	0.04%
	95%
	96%

	Class F (optional)
	-0.05%#VALUE!
	-0.06%#VALUE!
	-0.01%#VALUE!
	99%#NUM!
	99%#NUM!



Outside the CTC
To evaluate the impact of the proposed design outside the CTC, two additional datasets have been used. First one is based on Open Image dataset, proposed by Ericsson during the 15th JVET meeting in Gothenburg, Sweden [5]. Second one is based on DIV2K, a widely used dataset in machine learning community [4]. Monochromatic pictures were discarded from the datasets. As 1080p resolution is targeted for this test, sequences having (W>1920 && H>1080) are selected in the remaining sequences. For DIV2K, full high-resolution dataset is considered, including both training and evaluation sets.
FFmpeg version 4.1.3 [6] has been used to achieve conversion from JPEG/PNG to YUV. The following command line was used:
 

ffmpeg -y -i inputFile -filter:v "crop=1920:1080:(in_w-1920)/2:(in_h-1080)/2" -f rawvideo -pix_fmt yuv420p10le outputYUVFile
 
After applying this process, the Open-Images and DIV2K dataset respectively contain 613 and 715 1080p/10-bit sequences.
Open-Images dataset

Table 10: AI performance on Open Images dataset
	
	All Intra Main10

	
	Over VTM6.0 (Open-Images)

	
	Y
	U
	V
	EncT
	DecT

	AI - Mean
	0.07%
	0.09%
	-0.02%
	100%
	99%



DIV2K dataset

Table 11: AI performance on DIV2K dataset
	
	All Intra Main10 

	
	Over VTM6.0 (DIV2K)

	
	Y
	U
	V
	EncT
	DecT

	AI-Mean
	0.02%
	0.06%
	0.01%
	99%
	99%



Conclusion
This contribution proposes to remove the MIP offset tables and replaces offset multiplication by with a shift. This simplifies both the specification and the prediction process. Simulation results show negligible losses on CTC, low-QP and OpenImages/DIV2K datasets. It is suggested to adopt the proposed changes into the next VVC specification.
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