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Abstract
[bookmark: _GoBack]This contribution proposes to reduce the MIP memory footprint by 50% with low impact on coding performance. The number of stored matrices is significantly reduced, keeping only four matrices per MipSizeId. The retained matrices are aligned to the same offset value, which enables to simplify the specification. To keep matrix diversity, it is proposed to generalize input vector transposition. In order to simplify the prediction process, the transposition information is explicitly derived from signalling which enables to remove some logic. The performance of the proposed design has been assessed on CTC, Low-QP and external datasets (Open-Images/DIV2K), showing negligible losses.
Introduction 
During the 15th JVET meeting in Gothenburg, Sweden, a modified design of MIP was adopted for VVC working draft version 6 [1], providing significant design simplification and storage savings [2]. Despite efforts to reduce the storage from previous versions [3], MIP memory footprint remains significant (> 4.5 KB). Several proposals have been submitted to further reduce MIP storage requirements during Gothenburg meeting. Although significant storage saving was reached by some of the proponents, questions were raised about impact on low-QP performance and sequences outside the CTC.
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).
Here MipSizeId refers to categories of blocks having specific dimensions. Small luma blocks, i.e., 4x4, are predicted using MipSizeId=0 matrices. Medium luma blocks, i.e., 4x8/8x4/8x8, are predicted using MipSizeId=1 matrices. Larger luma blocks with at least one dimension greater than 8 use MipSizeId=2 matrices. Based on these matrices, prediction modes are derived:
· Mode {0}  Matrix {0}, non-transposed input vector.
· Modes {1, …, N-1}  Matrices {1, …, N-1}, non-transposed input vector.
· Modes {N, …, 2(N-1)}  Matrices {N, …, 2(N-1)}, transposed input vector.
A truncated binary code is used to code the mode index. It is observed that the first matrix is always associated with a single prediction mode, i.e., mode 0, while others are used twice with and without transposed input. From a design and specification prospective, it creates a specific case without specific reason as the first matrices do not have symmetrical properties. For each matrix, a specific offset and shift value is stored.
One challenge of saving MIP storage is reducing the number of stored matrices while keeping enough diversity with negligible impact on performance. This proposal addresses these challenges. The number of stored matrices is significantly reduced, from 34 to 12. To keep diversity, input vector transposition is extended to all matrices. In order to simplify the specification text, the matrix weights are aligned to share the same offset value, and transposition is explicitly signalled to remove some logic and clarify semantics.
Proposed design
The proposed design combines matrix set reduction, offset alignment and generalized input vector transposition with adapted signalling. Specification simplifications and changes associated with this proposal are described in attached document “JVET-P0194-spec-text-v0v1.docx”.
Matrix set reduction and offset alignment
In order to only keep the most essential MIP matrices amongst the ones included in the VVC working draft version 6 [1], a statistical study on MIP usage has been conducted using non-CTC content. From results, the following matrices have been retained as baseline for our design:

Table 1: Selected matrices
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[bookmark: _Ref8917681]Keeping four matrices per MipSizeId enables to reach a substantial storage saving with negligible losses. In order to simplify the offset derivation, it is proposed to align weights of all matrices in a way they share the same offset values. In relation with Table 1, the table below describes offset values associated with each matrix in the current VVC specification. The highlighted cells refer to offset values of the retained matrices.

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
	



The highest offset value is 46, associated with MipSizeId=2/modeId=1. To align other matrices to this one value while keeping 7-bit storage requirement, the following operation is achieved on each matrix weight value:

Applying this operation to the retained matrices is almost seamless as only two values are clipped in the MipSizeId=2/modeId=0 matrix.
Generalized input vector transposition
In current VVC specification, the input vector can only be transposed for matrices with index greater than 0. From a signal processing perspective, the matrices of index-0 give different prediction when the input vector is flipped. In addition, it creates a special case that introduces additional logic to derive the matrix index from the matrix mode.
To preserve good diversity in MIP matrices, it is proposed to enable input vector transposition for all matrices. That way, the proposed design includes a number of MIP modes that is a power of two (4) which enables to use fixed-length codes. 
As input vector transposition can now be enabled on all MIP matrices, it is proposed to introduce a dedicated flag for that purpose. It enables to clarify the specification and to remove logic for MIP mode derivation. Furthermore, the MIP mode flag now directly refers to the matrix index. Proposed syntax and associated semantic is defined as follows:
“

						if(  sps_mip_enabled_flag  &&  
						( Abs( Log2( cbWidth ) − Log2( cbHeight ) ) <= 2 )  &&  
						  cbWidth <= MaxTbSizeY  &&  cbHeight <= MaxTbSizeY )
	

							intra_mip_flag[ x0 ][ y0 ]
	ae(v)

						if( intra_mip_flag[ x0 ][ y0 ] )
	

							intra_mip_transposed[ x0 ][ y0 ]
	ae(v)

							intra_mip_mode[ x0 ][ y0 ]
	ae(v)

						else {
	


…
intra_mip_flag[ x0 ][ y0 ] equal to 1 specifies that the intra prediction type for luma samples is matrix-based intra prediction. intra_mip_flag[ x0 ][ y0 ] equal to 0 specifies that the intra prediction type for luma samples is not matrix-based intra prediction.
When intra_mip_flag[ x0 ][ y0 ] is not present, it is inferred to be equal to 0.
intra_mip_transposed[ x0 ][ y0 ] specifies whether the input vector for matrix-based intra prediction mode for luma samples is transposed or not.
intra_mip_mode[ x0 ][ y0 ] specifies the matrix-based intra prediction mode for luma samples. The array indices x0, y0 specify the location ( x0 , y0 ) of the top-left luma sample of the considered coding block relative to the top-left luma sample of the picture. 
“
The intra_mip_transposed flag is bypass coded (1 bin) as well as the intra_mip_mode which is now fixed length instead of truncated binary (2 bins).
Memory footprint
The proposed design significantly reduces the MIP memory footprint. The table below provides details on achieved storage savings. It is observed that the proposed design reduces the MIP memory footprint by 50.44% compared to previous design, with a total storage requirement below 2.3KB.

Table 3: MIP memory footprint of VTM-6.0 against proposal
	
	MipSizeId=0
	MipSizeId=1
	MipSizeId=2
	Total (KB)
	Saving

	
	weight
	sW
	sO
	weight
	sW
	sO
	weight
	sW
	sO
	
	

	VTM-6.0
	8064
	126
	126
	8960
	70
	70
	18816
	42
	56
	4541.25
	N/A

	Proposed
	1792
	28
	0
	3584
	28
	0
	12544
	28
	0
	2250.5
	50.44%


Experimental Results
The proposed design has been implemented into the VTM-6.0. 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
	-0.01%
	-0.03%
	-0.02%
	98%
	99%

	Class A2
	0.01%
	0.00%
	-0.04%
	99%
	97%

	Class B
	0.00%
	-0.02%
	-0.11%
	98%
	95%

	Class C
	0.01%
	-0.13%
	0.00%
	99%
	90%

	Class E
	0.00%
	-0.01%
	0.01%
	100%
	91%

	Overall 
	0.00%
	-0.04%
	-0.04%
	99%
	94%

	Class D
	0.05%
	-0.02%
	0.01%
	101%
	104%

	Class F (optional)
	0.02%
	0.00%
	0.03%
	99%
	95%



Table 5: RA performance under CTC
	
	Random Access Main 10

	
	Over VTM6.0

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	0.03%#VALUE!
	0.08%#VALUE!
	0.05%#VALUE!
	100%#NUM!
	96%#NUM!

	Class A2
	-0.01%#VALUE!
	0.00%#VALUE!
	0.02%#VALUE!
	100%#NUM!
	73%#NUM!

	Class B
	0.00%
	-0.09%
	0.01%
	100%
	98%

	Class C
	0.01%
	0.06%
	-0.12%
	99%
	89%

	Class E
	 
	
	 
	 
	 

	Overall
	0.01%#VALUE!
	0.00%#VALUE!
	-0.01%#VALUE!
	100%#NUM!
	90%#NUM!

	Class D
	0.00%
	-0.37%
	-0.02%
	99%
	97%

	Class F (optional)
	0.08%
	0.00%
	0.10%
	100%
	99%



Table 6: LDB performance under CTC
	
	Low delay B Main10 

	
	Over VTM6.0

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	 
	 
	 
	 
	 

	Class A2
	 
	
	 
	 
	 

	Class B
	#VALUE!
	#VALUE!
	#VALUE!
	#NUM!
	#NUM!

	Class C
	0.00%
	-0.20%
	-0.14%
	100%
	105%

	Class E
	-0.04%
	-0.11%
	0.98%
	100%
	100%

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

	Class D
	0.05%
	0.06%
	0.55%
	100%
	110%

	Class F (optional)
	#VALUE!
	#VALUE!
	#VALUE!
	#NUM!
	#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
	0.01%
	-0.02%
	-0.02%
	98%
	#NUM!

	Class A2
	0.01%
	0.01%
	0.01%
	98%
	#NUM!

	Class B
	0.04%
	0.01%
	0.01%
	98%
	#NUM!

	Class C
	0.05%
	0.04%
	0.05%
	98%
	98%

	Class E
	0.01%
	-0.01%
	-0.03%
	98%
	#NUM!

	Overall 
	0.03%
	0.01%
	0.01%
	98%
	#NUM!

	Class D
	0.11%
	0.04%
	0.12%
	94%
	98%

	Class F (optional)
	0.04%
	0.00%
	-0.02%
	98%
	#NUM!



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

	
	Over VTM6.0

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	0.00%#VALUE!
	0.00%#VALUE!
	-0.02%#VALUE!
	99%#NUM!
	#NUM!#NUM!

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

	Class B
	#VALUE!
	#VALUE!
	#VALUE!
	#NUM!
	#NUM!

	Class C
	0.01%
	0.00%
	0.04%
	99%
	#NUM!

	Class E
	 
	
	 
	 
	 

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

	Class D
	-0.01%
	-0.08%
	0.02%
	94%
	81%

	Class F (optional)
	-0.10%
	-0.09%
	-0.04%
	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!
	0.02%#VALUE!
	0.02%#VALUE!
	99%#NUM!
	#NUM!#NUM!

	Class C
	0.01%0.01%
	0.00%0.00%
	0.00%0.00%
	99%99%
	#NUM!#NUM!

	Class E
	-0.02%-0.02%
	-0.03%-0.03%
	-0.03%-0.03%
	100%100%
	#NUM!#NUM!

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

	Class D
	0.01%0.01%
	0.00%0.00%
	-0.02%-0.02%
	100%100%
	#NUM!#NUM!

	Class F (optional)
	-0.07%#VALUE!
	-0.09%#VALUE!
	0.04%#VALUE!
	101%#NUM!
	#NUM!#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
	0.02%
	0.07%
	0.00%
	98%
	88%



DIV2K dataset

Table 11: AI performance on DIV2K dataset
	
	All Intra Main10 

	
	Over VTM6.0 (DIV2K)

	
	Y
	U
	V
	EncT
	DecT

	AI-Mean
	0.03%
	-0.06%
	-0.05%
	97%
	99%



Conclusion
This contribution proposes a simplified MIP design with reduced memory footprint. Extended simulations results show that substantial memory saving (50%) is achieved for a negligible loss. In addition, substantial specification simplification is achieved. It is suggested to adopt the proposal into next VVC working draft.
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