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Abstract
This contribution reports further results for the RDO Optimization method in ALF, which was proposed in JVET-AD0136[1] and JVET-AE0123[2]. Regarding the proposed method, the chroma Lagrange multiplier will be adjusted by a scaling factor when the luma ALF APS transmission flag is ON and the number of history chroma ALF APS is insufficient. With VTM-22.0 and ECM-10.0 as anchors and test platforms, the reported overall PSNR-Y, U, V BD-rate and {EncT, DecT} variations of this proposal are as follows:
On top of VTM-22.0:
· [bookmark: OLE_LINK2]LDB: 0.05%, -0.80%, -1.18%  {100%, 100%}
· LDP: 0.02%, -0.89%, -1.03%  {100%, 101%}
On top of ECM-10.0:
· LDB: 0.04%, -1.89%, -1.60%  {100.0%, 100.7%}
· LDP: 0.11%, -1.60%, -1.45%  {100.2%, 100.3%}
Introduction
1.1 ALF APS
ALF Adaptation Parameter Set (ALF APS) [3] is defined as parameter set for transmitting ALF filtering coefficients. 
The ALF APS in H.266/VVC is described as
	adaptation_parameter_set_rbsp( ) {
	Descriptor

		aps_params_type 
	u(3)

		aps_adaptation_parameter_set_id
	u(5)

		aps_chroma_present_flag
	u(1)

		if( aps_params_type  = =  ALF_APS )
	

			alf_data( )
	


When aps_params_type is equal to ALF_APS, the value of aps_adaptation_parameter_set_id shall be in the range of 0 to 7, inclusive. It indicates that there is maximum 8 ALF APSs in the ALF_APS list of H.266/VVC. When a new ALF APS is received, the old ALF APS with the same ID number will be overwritten.
For the RA configuration, ALF_APS list will be initialized according to IntraPeriod; for the LDB and LDP configuration, there is 1 I frame and the ALF_APS list stores the history APS until a new APS with the same ID number is received. Here, the APS ID loops from 0 to 7.
For each alf_data( ), it is defined as
	alf_data( ) {
	Descriptor

		alf_luma_filter_signal_flag
	u(1)

		if( aps_chroma_present_flag ) {
	

			alf_chroma_filter_signal_flag
	u(1)

			alf_cc_cb_filter_signal_flag
	u(1)

			alf_cc_cr_filter_signal_flag
	u(1)

		}
	

		if( alf_luma_filter_signal_flag ) {
	

			Transmit the luma ALF coefficients
	…

		}
	

		if( alf_chroma_filter_signal_flag ) {
	

			Transmit the chroma ALF coefficients
	…

		}
	

		if( alf_cc_cb_filter_signal_flag ) {
	

			Transmit the CCALF Cb coefficients
	…

		}
	

		if( alf_cc_cr_filter_signal_flag ) {
	

			Transmit the CCALF Cr coefficients
	…

		}
	

	}
	


The ALF APS consists of four types of filtering coefficients, including luma ALF coefficients, chroma ALF coefficients, CCALF Cb coefficients, and CCALF Cr coefficients. Each coefficients set has an individual flag to identify whether filtering coefficients are transmitted or not. The four flags are given as follows.
alf_luma_filter_signal_flag 
alf_chroma_filter_signal_flag
alf_cc_cb_filter_signal_flag
alf_cc_cr_filter_signal_flag
The value of these flags is decided in the encoder based on the RDO criterion.  
1.2 ALF Encoder RDO Decision
The candidate ALF solutions for luma ALF is depicted in Fig.1 as 
[bookmark: _Toc130034524][bookmark: _Toc127636320][bookmark: _Ref129794638][image: ]Figure 1: Candidates for ALF solutions for luma ALF
Specifically, these solutions include 
· Skip ALF.
· New ALF APS which transmits luma ALF filtering coefficients explicitly.
· Pre-defined fixed filter sets which are used for luma component only.
· ALF APS in the ALF_APS list which stored the history ALF APS.
An RDO decision is conducted for luma based on 



[bookmark: OLE_LINK3]where  is the Lagrange multiplier of luma. After that, alf_luma_filter_signal_flag is set to 1 if new ALF APS has a smallest RD cost. 
The candidate ALF solutions for chroma ALF and CCALF is depicted in Fig.2 as 
Figure 2: Candidates for ALF solutions for chroma ALF and CCALF
For chroma ALF and CCALF, these solutions include 
· Skip ALF.
· New ALF APS which transmits ALF APS explicitly.
· ALF APS in the ALF_APS list which stored the history ALF APS.
The RD costs of these solutions are calculated according to (1)

                                    (1)

where are the Lagrange multiplier for chroma, respectively. alf_chroma_filter_signal_flag, alf_cc_cb_filter_signal_flag, and alf_cc_cr_filter_signal_flag are decided according to the RD cost of chroma ALF, CCALF Cb and CCALF Cr, respectively.
Problem Statement
[bookmark: OLE_LINK4]The RDO decisions for luma ALF, chroma ALF, CCALF Cb, and CCALF Cr are conducted independently. A new APS will be transmitted when one of alf_luma_filter_signal_flag, alf_chroma_filter_signal_flag, alf_cc_cb_filter_signal_flag, or alf_cc_cr_filter_signal_flag is equal to 1.
[bookmark: OLE_LINK5]For the explicitly transmitted ALF APS, we analyze the distribution of the four flags. As a statistical example, it is found that the percentage of flag with 1 is 65.4%,40.2%, 20.2%, and 17.5% for luma ALF, chroma ALF, CCALF Cb, and CCALF Cr, respectively.
Furthermore, we provide an example of ALF_APS list with 8 ALF APSs. In this ALF_APS list, APS0 has four filtering coefficients with four flags equal to 1. For the other ALF APSs, some of the coefficients are unavailable. Especially, for chroma component, there can be up to 8 ALF APSs theoretically, but many of them are with flag equal to 0. 
[image: ]
Proposed ALF RDO method

[bookmark: OLE_LINK6]An encoder optimization is proposed to modify the Lagrange multiplier of chroma ALF, CCALF Cb, and CCALF Cr by a scaling factor  when alf_luma_filter_signal_flag is equal to 1. In this way, for a new ALF APS, the percentage of chroma ALF flag=1 can be increased.
The specific Lagrange multiplier of chroma ALF is optimized as



[bookmark: OLE_LINK7][bookmark: OLE_LINK8]where alf_luma_filter_signal_flag is the flag to transmit luma ALF APS, is the number of the history chroma ALF APSs in the ALF_APS list. 
In this proposal, the threshold T is set to 4, which is a half of the maximum number of APS in the ALF_APS list. As a scaling factor, k is set to 0.4, which can achieve balanced performance improvement between LDB and LDP, after attempting values ranging from 0.2 to 0.7.
Analogously, the Lagrange multiplier of CCALF Cb/Cr ALF are also modified by a same scaling factor if the two preset conditions are satisfied






Where and are the number of the history CCALF Cb coefficients and the history CCALF Cr coefficients in ALF list, respectively.
The above RDO is employed to decide whether chroma ALF, CCALF_Cb, CCALF_Cr is used or not.
Experimental results
Based on the platform in VTM-22.0[4] and ECM-10.0[5], coding performance experiment was conducted following the common test conditions defined in [6]. 
In this proposal, the threshold T is set to 4, which is a half of the maximum number of APS in the ALF_APS list. As a scaling factor, k is set to 0.4, which could achieve balanced performance improvement between LDB and LDP, after studying the impact of different k values ranging from 0.2 to 0.6 on class-E sequences on top of ECM-10.0, as shown in Figure 3.
[image: ][image: ]
Figure 3: The impact of different k values on class-E sequences on top of ECM-10.0
[bookmark: OLE_LINK9]On top of VTM-22.0, for LDB configuration, experimental results are shown in Table 1. The proposed method can obtain 0.05%, -0.80%, and -1.18% BD-rate on average for Y, Cb, and Cr components, respectively.
Table 1. Performance of the proposed method on top of VTM-22.0 (LDB)
[image: ]
On top of VTM-22.0, for LDP configurations, experimental results are shown in Table 2. The proposed method can bring 0.02%, -0.89%, and -1.03% BD-rate on average for Y, Cb, and Cr components, respectively. 
Table 2. Performance of the proposed method on top of VTM-22.0 (LDP)
[image: ]
On top of ECM-10.0, for LDB configuration, experimental results are shown in Table 3. The proposed method can obtain 0.04%, -1.89%, -1.60% BD-rate on average for Y, Cb, and Cr components, respectively.
Table 3. Performance of the proposed method on top of ECM-10.0 (LDB)
[image: ]
On top of ECM-10.0, for LDP configurations, experimental results are shown in Table 4. The proposed method can bring 0.11%, -1.60%, -1.45% BD-rate on average for Y, Cb, and Cr components, respectively. 
Table 4. Performance of the proposed method on top of ECM-10.0 (LDP)
[image: ]
The experimental results show that, in the case of a large gain on the Cb and Cr components, there is almost no gain or minor loss on the Y component. The performance effects on VTM and ECM are similar. 
For further analysis, while alf_luma_filter_signal_flag=1 is one judgment condition, the above modification can only change the chroma related Lagrange multipliers, which eventually improve the PSNR of Cb or Cr components, and the PSNR of Y component is not affected. On the other hand, due to the chroma related Lagrange multipliers are modified, the percentage of chroma ALF flag=1 is increased for each new ALF APS, and therefore the total bitrate (i.e., the sum of luma and chroma bitrates) will increase. As a result, our proposal can only achieve gains on the Cb and Cr components, while no gain or minor loss on the Y component.
4 Conclusions
The results from this contribution demonstrated that the proposed shows coding gains on BD-Rate for LDB and LDP configurations compared with the anchor of VTM-22.0 and ECM-10.0. It is observed that the encoding and decoding time are almost same as that of the anchor scheme. It is recommended to integrate this optimization into the future version of VTM and ECM.
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