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Abstract
The current VVC design allows cascaded invocation of three transforms such as ACT, primary transform and LFNST for a given coding unit. However, it is asserted that the coding gain of LFNST is significantly reduced when ACT is enabled, compared to when ACT is disabled. Since cascading three transforms incurs higher hardware cost (more clock cycles and increased latency of the decoding pipeline) for limited benefit, this contribution proposes to disallow ACT and LFNST combination. Given the late stage of VVC development, such disabling mechanism considers methods that requires only high level changes.  
Three methods are proposed. In the first method, when sps_lfnst_enabled_flag is equal to 1, sps_act_enabled_flag is not signalled and inferred to be 0. In the second method, when sps_act_enabled_flag is equal to 1, sps_lfnst_enabled_flag is not signalled and inferred to be 0. In the third method, a bit-stream conformance constraint is proposed to disallow LFNST and ACT combination. It is reported that, compared to VTM-9.0 CTC for RGB 444 sequences, disabling LFNST with ACT can achieve -0.73% (G), 0.44% (B), 0.66% (R) BD-rate in the all intra configuration. 

Problem Statement
In VVC, a coding unit may select the combination of three transforms including ACT, primary transform and LFNST. Figure 1 shows the processing flow of the decoder where, three transforms including inverse LFNST, inverse primary transform and inverse ACT can be executed after inverse quantization.  
[image: ]
[bookmark: _Ref42512568]Figure 1: Decoding flow of VVC when both ACT and LFNST are enabled
It is noted that, in current VVC design, such cascading of three transforms only happens for 444 sequences when ACT is enabled, and that in other cases, only up to 2 transforms (inverse LFNST and inverse core transform) are cascaded together. Since cascading three transforms requires more clock cycles and may increase the latency of the decoding pipeline, the proponent was motivated to investigate the potential benefit of having a more complicated decoding pipeline of up to 3 cascaded transforms and whether such potential benefit justifies the cost. 
[bookmark: _GoBack]Since the core transform is an indispensable part of the codec design, our investigation was primarily focused on the behavior of ACT in the presence of LFNST, and the behavior of LFNST in the presence of ACT. Simulation results were collected and shown in Section 3. In summary, the coding gain of ACT is consistent regardless of whether LFNST is enabled or not. When LFNST is enabled, disabling ACT impacts coding loss of xx.xx% (G) and when LFNST is disabled, disabling ACT has similar coding loss of xx.xx%(G). However, the coding gain of LFNST is significantly reduced when ACT is enabled. When ACT is disabled, the coding loss of disabling LFNST is xx.xx% (G), however, when ACT is enabled, the coding loss due to disabling LFNST is reduced to xx.xx% (G). Such observations may not be surprising, because LFNST matrices are trained using residual signals that are in YUV color space, whereas when ACT is turned on, the residuals are usually in the YCoCg color space. 
It is therefore asserted that the combination of LFNST with ACT may not justify the additional implementation cost. Given the late stage of VVC development, three high-level options are proposed in this contribution to disable the combination of ACT and LFNST. 
Proposed methods
Method 1: Conditional signaling of sps_act_enabled_flag
In the method 1, sps_act_enabled_flag is conditionally signaled based on the value of sps_lfnst_enabled_flag. If the LFNST is enabled ( i.e. sps_lfnst_enabled_flag == 1), sps_act_enabled_flag is not signaled and inferred to be equal to 0. Since the signaling of sps_act_enabled_flag depends on the value of sps_lfnst_enabled_flag, in the proposed method, the sps_lfnst_enabled_flag is sent before sps_act_enabled_flag. Table 1 shows the SPS syntax table of the proposed method. The changes compared to VVC draft 9 are highlighted.

Table 1: SPS syntax table of method 1
		sps_palette_enabled_flag
	u(1)

		sps_lfnst_enabled_flag
	u(1)

		if( ChromaArrayType  = =  3  &&  !sps_max_luma_transform_size_64_flag &&  !sps_lfnst_enabled_flag)
	

			sps_act_enabled_flag
	u(1)

		if( sps_transform_skip_enabled_flag  | |  sps_palette_enabled_flag )
	

			sps_internal_bit_depth_minus_input_bit_depth
	ue(v)

		sps_ibc_enabled_flag
	u(1)

		if( sps_ibc_enabled_flag )
	

			sps_six_minus_max_num_ibc_merge_cand
	ue(v)

		sps_lmcs_enabled_flag
	u(1)

		sps_lfnst_enabled_flag
	u(1)



Method 2: Conditional signaling of sps_lfnst_enabled_flag
In method 2, sps_lfnst_enabled_flag is conditionally signaled based on the value of sps_act_enabled_flag. sps_lfnst_enabled_flag is signaled if the value of  sps_act_enabled_flag is equal to 0. If the value of sps_act_enabled_flag is equal to 1, sps_lfnst_enabled_flag is inferred to be equal to 0. Table 2 shows the SPS syntax table of the method 2.

Table 2: SPS syntax table of the method 2
		sps_palette_enabled_flag
	u(1)

		if( ChromaArrayType  = =  3  &&  !sps_max_luma_transform_size_64_flag)
	

			sps_act_enabled_flag
	u(1)

		if( sps_transform_skip_enabled_flag  | |  sps_palette_enabled_flag )
	

			sps_internal_bit_depth_minus_input_bit_depth
	ue(v)

		sps_ibc_enabled_flag
	u(1)

		if( sps_ibc_enabled_flag )
	

			sps_six_minus_max_num_ibc_merge_cand
	ue(v)

		sps_lmcs_enabled_flag
	u(1)

	    if (!sps_act_enabled_flag)
	

		   sps_lfnst_enabled_flag
	u(1)



In method 2, the inferred rule of the of the sps_lfnst_enabled_flag is as follows:
sps_lfnst_enabled_flag equal to 1 specifies that lfnst_idx may be present in intra coding unit syntax. sps_lfnst_enabled_flag equal to 0 specifies that lfnst_idx is not present in intra coding unit syntax. When sps_lfnst_enabled_flag is not present, it is inferred to be equal to 0.
Method 3: Bit-stream constraint 
In the method 3, a bit-stream conformance constraint is imposed. 
It is a requirement of bitstream conformance that the value of sps_act_enabled_flag and the value of sps_lfnst_enabled_flag shall not both be equal to 1.
[bookmark: _Ref42551716]Simulation results
Simulations are conducted using RGB sequences under the 444 CTC. Low delay results are not included because LFNST is disabled in low delay CTC conditions. 
[bookmark: _Ref40969840] Performance of LFNST 
The performance impact of disabling LFNST with and without ACT is evaluated. Table 3 shows the simulation results of disabling LFNST when ACT is enabled in both anchor and test. Table 4 shows the results of disabling LFNST when ACT is disabled in both anchor and test. All other settings are same as CTC conditions. As shown in Table 3 and Table 4  the coding gain of LFNST is significantly reduced when ACT is enabled. In all intra configuration, when ACT is disabled the BD-rate of disabling LFNST is 1.21% whereas the BD-rate of disabling LFNST is reduced to -0.73%(G) when ACT is enabled.    

[bookmark: _Ref42517138]Table 3: Performance of disabling LFNST when ACT is ON in both anchor and test 
(Anchor: VTM9, ACT ON, LFNST ON; Test:  VTM9, ACT ON, LFNST OFF)
	
	All Intra Main10 

	
	Anchor: VTM9.0 + ACT ON + LFNST ON

	
	Y
	U
	V
	EncT
	DecT

	Traffic
	-1.18%
	0.85%
	1.30%
	65%
	98%

	Kimono
	-0.78%
	0.25%
	0.78%
	62%
	100%

	EBULupoCandlelight
	-0.31%
	0.79%
	0.65%
	71%
	99%

	EBURainFruits
	-0.50%
	0.36%
	0.36%
	76%
	98%

	VenueVu
	-0.08%
	0.83%
	0.94%
	74%
	99%

	DucksAndLegs
	-0.58%
	0.22%
	0.24%
	61%
	100%

	OldTownCross
	-0.98%
	0.12%
	0.30%
	68%
	101%

	ParkScene
	-1.42%
	0.09%
	0.75%
	67%
	98%

	Overall
	-0.73%
	0.44%
	0.66%
	71%
	99%

	
	
	
	
	
	

	
	
	
	
	
	

	
	Random access Main10 

	
	Anchor: VTM9.0 + ACT ON + LFNST ON

	
	Y
	U
	V
	EncT
	DecT

	Traffic
	
	
	
	
	

	Kimono
	
	
	
	
	

	EBULupoCandlelight
	
	
	
	
	

	EBURainFruits
	
	
	
	
	

	VenueVu
	
	
	
	
	

	DucksAndLegs
	
	
	
	
	

	OldTownCross
	
	
	
	
	

	ParkScene
	
	
	
	
	

	Overall
	
	
	
	
	



[bookmark: _Ref42517197]Table 4: Performance of disabling LFNST when ACT is OFF in both anchor and test
(Anchor: VTM9, ACT OFF, LFNST ON; Test:  VTM9, ACT OFF, LFNST OFF)
	
	All Intra Main10 

	
	Anchor: VTM9.0+ACT OFF + LFNST ON

	
	Y
	U
	V
	EncT
	DecT

	Traffic
	2.62%
	0.38%
	2.98%
	63%
	98%

	Kimono
	1.47%
	0.26%
	1.50%
	62%
	101%

	EBULupoCandlelight
	1.87%
	0.67%
	1.78%
	63%
	97%

	EBURainFruits
	1.39%
	0.64%
	0.96%
	66%
	95%

	VenueVu
	1.86%
	1.04%
	1.10%
	64%
	98%

	DucksAndLegs
	-0.09%
	0.26%
	0.47%
	60%
	100%

	OldTownCross
	0.31%
	0.45%
	0.75%
	64%
	99%

	ParkScene
	0.28%
	0.26%
	1.51%
	65%
	99%

	Overall
	1.21%
	0.49%
	1.38%
	65%
	98%

	
	
	
	
	
	

	
	
	
	
	
	

	
	Random access Main10 

	
	Anchor: VTM9.0+ACT OFF + LFNST ON

	
	Y
	U
	V
	EncT
	DecT

	Traffic
	
	
	
	
	

	Kimono
	
	
	
	
	

	EBULupoCandlelight
	
	
	
	
	

	EBURainFruits
	
	
	
	
	

	VenueVu
	
	
	
	
	

	DucksAndLegs
	
	
	
	
	

	OldTownCross
	
	
	
	
	

	ParkScene
	
	
	
	
	

	Overall
	
	
	
	
	



Performance of ACT 
The performance impact of disabling ACT with and without LFNST is evaluated. Table 5 shows the results of disabling ACT when LFNST is enabled in both anchor and test. Table 6 shows the results of disabling ACT when LFNST is disabled in both anchor and test. All other settings are same as CTC conditions. As shown in Table 5 and Table 6, the coding gain of ACT is consistent regardless of whether the LFNST is enabled or not. 


[bookmark: _Ref42517385]Table 5: Performance of disabling ACT when LFNST is ON in both anchor and test
(Anchor: VTM9, ACT ON, LFNST ON; Test:  VTM9, ACT OFF, LFNST ON)
	
	All Intra Main10 

	
	VTM-9.0+ACT ON + LFNST ON

	
	Y
	U
	V
	EncT
	DecT

	Traffic
	26.97%
	-2.01%
	21.11%
	36%
	93%

	Kimono
	21.33%
	0.27%
	8.90%
	31%
	100%

	EBULupoCandlelight
	18.44%
	3.29%
	12.55%
	48%
	98%

	EBURainFruits
	13.16%
	5.18%
	5.98%
	60%
	98%

	VenueVu
	15.76%
	7.73%
	4.81%
	50%
	98%

	DucksAndLegs
	6.02%
	-0.98%
	2.38%
	31%
	100%

	OldTownCross
	15.32%
	-2.37%
	2.35%
	35%
	99%

	ParkScene
	14.31%
	0.35%
	6.41%
	34%
	95%

	Overall
	16.42%
	1.43%
	8.06%
	49%
	99%

	
	
	
	
	
	

	
	
	
	
	
	

	
	Random access Main10 

	
	VTM-9.0+ACT ON + LFNST ON

	
	Y
	U
	V
	EncT
	DecT

	Traffic
	
	
	
	
	

	Kimono
	
	
	
	
	

	EBULupoCandlelight
	
	
	
	
	

	EBURainFruits
	
	
	
	
	

	VenueVu
	
	
	
	
	

	DucksAndLegs
	
	
	
	
	

	OldTownCross
	
	
	
	
	

	ParkScene
	
	
	
	
	

	Overall
	
	
	
	
	



 
[bookmark: _Ref42517405]Table 6: Performance of disabling ACT when LFNST is OFF in both anchor and test
(Anchor: VTM9, ACT ON, LFNST OFF; Test:  VTM9, ACT OFF, LFNST OFF)
	
	All Intra Main10 

	
	VTM-9.0+ACT ON + LFNST OFF

	
	Y
	U
	V
	EncT
	DecT

	Traffic
	28.43%
	-2.83%
	19.53%
	55%
	95%

	Kimono
	22.29%
	0.03%
	8.05%
	50%
	100%

	EBULupoCandlelight
	18.62%
	2.47%
	11.74%
	67%
	99%

	EBURainFruits
	13.68%
	4.80%
	5.58%
	79%
	100%

	VenueVu
	15.84%
	6.83%
	3.83%
	68%
	99%

	DucksAndLegs
	6.53%
	-1.20%
	2.14%
	51%
	100%

	OldTownCross
	16.32%
	-2.49%
	2.04%
	51%
	98%

	ParkScene
	15.99%
	0.26%
	5.62%
	51%
	98%

	Overall
	17.21%
	0.98%
	7.32%
	69%
	100%

	
	
	
	
	
	

	
	
	
	
	
	

	
	Random access Main10 

	
	VTM-9.0+ACT ON + LFNST OFF

	
	Y
	U
	V
	EncT
	DecT

	Traffic
	
	
	
	
	

	Kimono
	
	
	
	
	

	EBULupoCandlelight
	
	
	
	
	

	EBURainFruits
	
	
	
	
	

	VenueVu
	
	
	
	
	

	DucksAndLegs
	
	
	
	
	

	OldTownCross
	
	
	
	
	

	ParkScene
	
	
	
	
	

	Overall
	
	
	
	
	


Conclusion
This contribution proposes to disallow ACT and LFNST combination to reduce hardware implementation cost without negatively impacting coding performance. Three methods are proposed. In method 1, when sps_lfnst_enabled_flag is equal to 1, sps_act_enabled_flag is not signalled and inferred to be 0. In method 2, when sps_act_enabled_flag is equal to 1, sps_lfnst_enabled_flag is not signalled and inferred to be 0. In method 3, a bit-stream conformance constraint is proposed to disallow LFNST and ACT. Simulation results confirmed that disabling LFNST for ACT coded blocks does not impact the coding performance significantly.  
Patent rights declaration(s)
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