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Abstract

This contribution reports crosschecking results of JVET-F0043 on NSST memory reduction, it also studies two alternative solutions. Partial available crosscheck results reportedly match the results provided by the proponent, and around 19% NSST kernel storage reduction is achieved with a penalty of 0.1% coding loss for All Intra (AI) configuration. In the alternative studied solutions, around 26% and 66% NSST kernel storage reduction is achieved with 0.1% and 0.2% coding loss for AI configuration, respectively.
1 Introduction
In the current JEM, a Non-Separable Secondary Transform (NSST) is applied for intra coding. Depending on the block size, either 4x4 or 8x8 NSST can be applied on the primary transform coefficient block. The NSST kernels are selected based on intra prediction modes, as indicated by Table 1 in below.
Table 1 Mapping from intra prediction mode to transform set index

[image: image1.emf]intra mode 0 1 2 3 4 5 6 7 8 91011121314151617181920212223242526272829303132 33

set 0 1 2 3 4 5 6 7 8 91011121314151617181920212223242526272829303132 33

intra mode 34353637383940414243444546474849505152535455565758596061626364656667 (LM)

set 343332313029282726252423222120191817161514131211109 8 7 6 5 4 3 2 NULL


To store the NSST kernels, totally around 93.240KB memory is needed, as detailed in Table 2.
Table 2 NSST storage in JEM-5.0.1
	
	# Type (35 x 3)
	#Value
	Bits
	Total (Byte)

	g_NsstSrt4x4[35][3][16] (range: 0 - 15)
	105
	16
	4
	840

	g_NsstHyGTPar4x4[35][3][64] (range: 0 - 255)
	105
	64
	8
	6720

	g_NsstSrt8x8[35][3][64] (range: 0 - 63)
	105
	64
	6
	5040

	g_NsstHyGTPar8x8[35][3][768] (range: 0 - 255)
	105
	768
	8
	80640

	Total
	
	
	
	93240


NSST memory storage reduction was also already studied in JVET-D0056, where 35 sets were merged to 12 sets by modifying the mapping Table 1, and around 66% memory reduction was achieved with 0.3% coding loss for AI configuration, as compared to the current NSST design.
2 Memory reduction proposed in JVET-F0043

In JVET-F0043, it is proposed to reduce NSST storage for 8x8 kernels as follows. For a selected set of intra prediction modes, as indexed by ‘0’ in the below Table 3, the 8x8 NSST kernel corresponding to NSST index equal to 3 is replaced by one of the 4x4 NSST kernels.
Table 3 Mixed type map to replace 8x8 Kernel with 4x4 kernels in JVET-F0043
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As a result, 8x8 NSST is applied when NSST index is 1 and 2, and four 4x4 NSST transforms are applied when NSST index is 3. In addition, NSST index signalling is modified by adding a separate context for the cases when proposed NSST kernel replacement occurs. 

With the proposed method, total memory for storing NSST kernels is reduced by 19.3%, as detailed in Table 4.
Table 4 NSST storage of JVET-F0043
	
	# Type (35 x 3)
	#Value
	Bits
	Total (Byte)

	g_NsstSrt4x4[35][3][16] (range: 0 - 15)
	105
	16
	4
	840

	g_NsstHyGTPar4x4[35][3][64] (range: 0 - 255)
	105
	64
	8
	6720

	g_NsstSrt8x8[35][3][64] (range: 0 - 63)
	83
	64
	6
	3984

	g_NsstHyGTPar8x8[35][3][768] (range: 0 - 255)
	83
	768
	8
	63744

	Total
	
	
	
	75288


The software was provided by the proponent, crosscheck simulations are performed for All Intra (AI) and Random Access (RA) configurations following CTC, and results are summarized in Table 5.

Table 5 Crosscheck results of JVET-F0043

	
	All Intra Main10
	Random Access Main10

	
	Y
	U
	V
	EncT
	DecT
	Y
	U
	V
	EncT
	DecT

	Class A1
	0.1%
	0.1%
	0.1%
	99%
	98%
	
	
	
	
	

	Class A2
	0.2%
	0.2%
	0.1%
	99%
	99%
	0.09%
	0.18%
	0.18%
	100%
	99%

	Class B
	0.1%
	0.1%
	0.1%
	98%
	97%
	0.04%
	0.26%
	0.32%
	99%
	99%

	Class C
	0.2%
	0.2%
	0.2%
	98%
	97%
	0.04%
	0.25%
	0.00%
	100%
	100%

	Class D
	0.1%
	0.1%
	0.0%
	100%
	100%
	0.04%
	-0.26%
	-0.14%
	100%
	100%

	Class E
	0.2%
	0.3%
	0.2%
	99%
	101%
	 
	
	 
	 
	 

	Overall
	0.1%
	0.2%
	0.1%
	99%
	98%
	
	
	
	
	

	Class F
	0.1%
	0.1%
	0.0%
	100%
	100%
	0.05%
	-0.06%
	0.15%
	100%
	100%


3 Alternative solutions
In addition to the cross-checked method, alternative solutions for NSST kernel storage reduction are studied and proposed:
1. Modifying only mapping Table 1 for both 4x4 and 8x8 kernels.
2. Similarly to JVET-D0056, reducing 35 sets to 12, however with kernel update for both 4x4 and 8x8.
Method #1: Modifying mapping table
[image: image3.emf]intra mode 0 1 2 3 4 5 6 7 8 9 101112131415161718192021222324252627282930313233

set 0 1 2 3 4 5 4 5 8 9 8 9 12131215161718192021222324272627262930293033

intra mode34353637383940414243444546474849505152535455565758596061626364656667

set 3433302930292627262724232221201918171615121312 9 8 9 8 5 4 5 4 3 2 0


In the method #1, NSST memory storage is reduced by 26% as shown in the next table.
Table 6 NSST storage of proposed method #1
	
	# Type (26x 3)
	#Value
	Bits
	Total (Byte)

	g_NsstSrt4x4[26][3][16] (range: 0 - 15)
	78
	16
	4
	624

	g_NsstHyGTPar4x4[26][3][64] (range: 0 - 255)
	78
	64
	8
	4992

	g_NsstSrt8x8[26][3][64] (range: 0 - 63)
	78
	64
	6
	3744

	g_NsstHyGTPar8x8[26][3][768] (range: 0 - 255)
	78
	768
	8
	59904

	Total
	
	
	
	69264


In this solution, NSST is kept applied uniformly as in the current JEM design, i.e. 4x4 NSST is applied for 4x4 blocks and blocks with either width and height equal to 4, and 8x8 NSST is applied for other block sizes.
Method #2 Reducing NSST kernels from 35 to 12
[image: image4.emf]intra mode 0 1 2 3 4 5 6 7 8 9 101112131415161718192021222324252627282930313233

set 0 0 1 2 1 2 1 2 3 4 3 4 3 4 5 5 5 6 6 6 7 7 7 8 9 8 9 8 9 1011101110

intra mode34353637383940414243444546474849505152535455565758596061626364656667

set 111011101110 9 8 9 8 9 8 7 7 7 6 6 6 5 5 5 4 3 4 3 4 3 2 1 2 1 2 1 0


In this method, NSST memory storage is reduced by 65.7% by reducing the NSST kernels from 35 to 12 sets as detailed in the next table.
Table 7 NSST storage of proposed method #2
	
	# Type (12 x 3)
	#Value
	Bits
	Total (Byte)

	g_NsstSrt4x4[12][3][16] (range: 0 - 15)
	36
	16
	4
	288

	g_NsstHyGTPar4x4[12][3][64] (range: 0 - 255)
	36
	64
	8
	2304

	g_NsstSrt8x8[12][3][64] (range: 0 - 63)
	36
	64
	6
	1728

	g_NsstHyGTPar8x8[12][3][768] (range: 0 - 255)
	36
	768
	8
	27648

	Total
	
	
	
	31968


4 Simulation results
The two proposed alternatives have been implemented on top of JEM-5.0.1. Simulations are performed for AI and RA configurations. 

Table 8 Coding performance of proposed method #1

	
	All Intra Main10
	Random Access Main10

	
	Y
	U
	V
	EncT
	DecT
	Y
	U
	V
	EncT
	DecT

	Class A1
	0.0%
	0.1%
	0.1%
	99%
	98%
	
	
	
	
	

	Class A2
	0.1%
	0.1%
	0.1%
	100%
	98%
	
	
	
	
	

	Class B
	0.1%
	0.1%
	0.1%
	99%
	97%
	0.0%
	0.2%
	0.2%
	100%
	100%

	Class C
	0.2%
	0.3%
	0.3%
	99%
	97%
	0.1%
	0.2%
	0.0%
	101%
	100%

	Class D
	0.1%
	0.1%
	0.1%
	100%
	100%
	0.0%
	-0.3%
	-0.4%
	100%
	100%

	Class E
	0.1%
	0.1%
	0.1%
	100%
	100%
	 
	
	 
	 
	 

	Overall
	0.1%
	0.1%
	0.1%
	99%
	98%
	
	
	
	
	

	Class F
	0.2%
	0.0%
	0.1%
	102%
	102%
	0.1%
	0.3%
	0.3%
	100%
	99%


Table 9 Coding performance of proposed method #2

	
	All Intra Main10

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	0.1%
	0.2%
	0.2%
	101%
	100%

	Class A2
	0.2%
	0.4%
	0.5%
	97%
	94%

	Class B
	0.2%
	0.2%
	0.2%
	103%
	102%

	Class C
	0.3%
	0.4%
	0.5%
	101%
	100%

	Class D
	0.1%
	0.4%
	0.3%
	100%
	99%

	Class E
	0.4%
	0.7%
	0.7%
	101%
	99%

	Overall
	0.2%
	0.4%
	0.4%
	101%
	99%


5 Conclusions

There are number of possibilities to further reduce NSST memory, offering different trade-off between memory and performance, which should be investigated before finalizing the design. However we agree with the conclusion reached during the discussion of JVET-D0056: “Further study was recommended. In the current stage of development, small-scale tweaking of complexity is not of high importance. It was also pointed out that using a separable transform might even be better for reduction in complexity.”
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