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Abstract
This contribution proposes a design for the Cross Component Adaptive Loop Filter (CC-ALF). CC-ALF operates as part of the adaptive loop filter process and makes use of luma sample values to refine each chroma component. The tool is controlled by information in the bit-stream, and this information includes both (a) filter coefficients for each chroma component and (b) CTU level selection of the filter.  The filter coefficients are signalled in the APS, and the appropriate APS is referenced in the slice header. A maximum of four filters are allowed per chroma component, and each filter is a 3x4 diamond shaped filter containing 8 unique coefficients. Filter coefficient dynamic range is limited to 6-bit signed, i.e. [-32, 31]. Filtering along virtual boundary make use of symmetrical line selection to align with regular ALF filtering. The coding performance of the design is evaluated using the Common Test Conditions (CTC) as compared to VTM-6.0,  and the YUV BD-Rate is reported to be -1.58%, -2.11%, -2.38% and -2.33% for the AI, RA, LDB, and LDP test conditions, where the BD-Rate is calculated using the combined YUV metric of AhG13. 
To limit the per-pixel multiplier to 16 (current ALF is 15), a restriction is incorporated that enables only one of either chroma ALF or CC-ALF for a chroma component of a CTU. The coding performance of the design is evaluated using the Common Test Conditions (CTC) as compared to VTM-6.0, and the YUV BD-Rate is reported to be -1.30%, X.XX%, X.XX% and X.XX% for the AI, RA, LDB, and LDP test conditions, where the BD-Rate is calculated using the combined YUV metric of AhG13.
Introduction
In CE5-2.1 [1] and JVET-O0636 [2], the Cross Component Adaptive Loop Filter (CC-ALF) was introduced and studied.  The filter uses a linear filter to filter luma sample values and generate a residual correction for the chroma channels from the co-located filtered output.  The filter is designed to operate in parallel with the existing luma ALF.

Here, we propose a CC-ALF design that is asserted to be both simplified and better aligned with the existing ALF.  The design uses a 3x4 diamond shape with 8 unique coefficients.  This reduces the number of multiplies by 43% compared to the 5x6 design studied in CE5-2.1. When a restriction is placed that enables either chroma ALF or CC-ALF for chroma component of a CTU we limit the per-pixel multiplier count to 16 (current ALF is 15). The filter coefficient dynamic range is limited to 6-bit signed.  An illustration of the filters for both the proposed and CE5-2.1 solution are shown in Figure 1.
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	(a)
	(b)

	Fig. 1: (a) 5x6 Diamond Shape Filter with 14 unique coefficients (b) 3x4 Diamond Shape Filter with 8 unique coefficients



To be better aligned with the existing ALF design, the filter coefficients are signaled in the APS.  Up to four filters are supported, and filter selection is indicated at the CTU-level. Symmetric line selection is used at the virtual boundary to further harmonize with ALF.  Finally, to limit the amount of storage needed by the correction output, the CC-ALF residual output is clipped to ‑2BitDepthC‑1 to 2BitDepthC‑1‑1, inclusive. 

The text changes to the VVC draft are included as an attachment to this contribution. 
Experimental Results
The proposed changes were implemented in VTM6 [3] and evaluated for the CTC [4].  A summary of the results is provided below.  As can be seen from the summary, the proposed approach provides coding efficiency improvements in the chroma channel for All Intra, Random Access, and Low Delay configurations.  Detailed results can be found in the attached Excel files.


	
	 
	 
	All Intra Main10 
	 
	 
	 

	
	 
	 
	Over VTM-6.0
	 
	 
	 

	
	Y
	U
	V
	YUV
	EncT
	DecT

	Class A1
	0.23%
	-5.30%
	-5.56%
	-0.90%
	103%
	100%

	Class A2
	0.18%
	-9.41%
	-14.64%
	-2.26%
	102%
	100%

	Class B
	0.21%
	-15.85%
	-12.00%
	-2.62%
	101%
	99%

	Class C
	0.22%
	-4.17%
	-3.79%
	-0.62%
	101%
	97%

	Class E
	0.32%
	-11.64%
	-1.88%
	-1.10%
	102%
	96%

	Overall 
	0.23%
	-9.72%
	-7.86%
	-1.58%
	102%
	98%

	Class D
	0.10%
	-3.34%
	-1.74%
	-0.43%
	101%
	94%

	Class F
	0.21%
	-6.26%
	-6.63%
	-1.12%
	101%
	96%

	
	
	
	
	
	
	

	
	 
	 
	Random access Main10 
	 
	 
	 

	
	 
	 
	Over VTM-6.0
	 
	 
	 

	
	Y
	U
	V
	YUV
	EncT
	DecT

	Class A1
	0.14%
	-5.79%
	-6.33%
	-1.10%
	99%
	97%

	Class A2
	0.24%
	-12.10%
	-18.54%
	-2.87%
	98%
	99%

	Class B
	0.19%
	-20.32%
	-15.20%
	-3.40%
	100%
	98%

	Class C
	0.12%
	-4.41%
	-3.55%
	-0.70%
	101%
	98%

	Class E
	 
	
	 
	
	 
	 

	Overall
	0.17%
	-11.53%
	-10.99%
	-2.11%
	100%
	98%

	Class D
	0.08%
	-4.05%
	-2.90%
	-0.63%
	99%
	98%

	Class F
	0.21%
	-4.62%
	-4.62%
	-0.76%
	104%
	99%

	
	
	
	
	
	
	

	
	 
	 
	Low delay B Main10 
	 
	 
	 

	
	 
	 
	Over VTM-6.0
	 
	 
	 

	
	Y
	U
	V
	YUV
	EncT
	DecT

	Class A1
	 
	 
	 
	 
	 
	 

	Class A2
	 
	
	 
	
	 
	 

	Class B
	0.25%
	-21.96%
	-19.09%
	-3.91%
	100%
	99%

	Class C
	0.14%
	-5.44%
	-4.11%
	-0.84%
	99%
	96%

	Class E
	-0.05%
	-15.42%
	-3.22%
	-1.90%
	98%
	94%

	Overall
	0.14%
	-14.82%
	-10.13%
	-2.38%
	99%
	97%

	Class D
	0.05%
	-3.74%
	-2.82%
	-0.62%
	99%
	99%

	Class F
	0.21%
	-8.56%
	-6.24%
	-1.31%
	101%
	99%

	
	
	
	
	
	
	

	
	 
	 
	Low delay P Main10 
	 
	 
	 

	
	 
	 
	Over VTM-6.0
	 
	 
	 

	
	Y
	U
	V
	YUV
	EncT
	DecT

	Class A1
	 
	 
	 
	 
	 
	 

	Class A2
	 
	
	 
	
	 
	 

	Class B
	0.25%
	-22.04%
	-18.92%
	-3.90%
	98%
	100%

	Class C
	0.18%
	-5.38%
	-4.24%
	-0.82%
	98%
	98%

	Class E
	0.22%
	-16.21%
	-3.04%
	-1.75%
	102%
	96%

	Overall
	0.22%
	-15.03%
	-10.06%
	-2.33%
	99%
	99%

	Class D
	0.13%
	-3.62%
	-2.37%
	-0.49%
	99%
	98%

	Class F
	0.22%
	-8.17%
	-5.92%
	-1.23%
	99%
	98%



With additional limitation that enables only one of either chroma ALF or CC-ALF for chroma component of a CTU
	
	 
	 
	All Intra Main10 
	 
	 
	 

	
	 
	 
	Over VTM-6.0
	 
	 
	 

	
	Y
	U
	V
	YUV
	EncT
	DecT

	Class A1
	0.12%
	-3.64%
	-3.36%
	-0.61%
	103%
	97%

	Class A2
	0.11%
	-7.91%
	-13.61%
	-2.06%
	104%
	100%

	Class B
	0.16%
	-14.35%
	-10.30%
	-2.34%
	102%
	98%

	Class C
	0.13%
	-2.77%
	-1.67%
	-0.34%
	101%
	97%

	Class E
	0.25%
	-9.28%
	-0.42%
	-0.77%
	102%
	97%

	Overall 
	0.15%
	-8.07%
	-6.13%
	-1.30%
	102%
	98%

	Class D
	0.08%
	-3.00%
	-1.53%
	-0.39%
	103%
	98%

	Class F
	0.14%
	-5.07%
	-5.22%
	-0.92%
	102%
	96%

	
	
	
	
	
	
	

	
	 
	 
	Random access Main10 
	 
	 
	 

	
	 
	 
	Over VTM-6.0
	 
	 
	 

	
	Y
	U
	V
	YUV
	EncT
	DecT

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

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

	Class B
	0.17%
	-19.03%
	-14.06%
	-3.17%
	98%
	97%

	Class C
	0.09%
	-3.53%
	-2.15%
	-0.49%
	100%
	97%

	Class E
	 
	
	 
	
	 
	 

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

	Class D
	0.07%
	-3.89%
	-2.52%
	-0.59%
	98%
	97%

	Class F
	0.16%
	-3.87%
	-3.60%
	-0.62%
	101%
	97%

	
	
	
	
	
	
	

	
	 
	 
	Low delay B Main10 
	 
	 
	 

	
	 
	 
	Over VTM-6.0
	 
	 
	 

	
	Y
	U
	V
	YUV
	EncT
	DecT

	Class A1
	 
	 
	 
	 
	 
	 

	Class A2
	 
	
	 
	
	 
	 

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

	Class C
	#VALUE!
	#VALUE!
	#VALUE!
	#VALUE!
	#NUM!
	#NUM!

	Class E
	0.13%
	-14.81%
	-2.22%
	-1.60%
	101%
	97%

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

	Class D
	0.10%
	-4.01%
	-2.75%
	-0.60%
	101%
	99%

	Class F
	#VALUE!
	#VALUE!
	#VALUE!
	#VALUE!
	#NUM!
	#NUM!

	
	
	
	
	
	
	

	
	 
	 
	Low delay P Main10 
	 
	 
	 

	
	 
	 
	Over VTM-6.0
	 
	 
	 

	
	Y
	U
	V
	YUV
	EncT
	DecT

	Class A1
	 
	 
	 
	 
	 
	 

	Class A2
	 
	
	 
	
	 
	 

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

	Class C
	0.14%
	-4.80%
	-3.33%
	-0.70%
	99%
	98%

	Class E
	0.20%
	-15.60%
	-2.58%
	-1.66%
	101%
	97%

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

	Class D
	0.13%
	-3.83%
	-2.54%
	-0.53%
	100%
	99%

	Class F
	#VALUE!
	#VALUE!
	#VALUE!
	#VALUE!
	#NUM!
	#NUM!



Conclusion
This contribution proposes a design for the Cross Component Adaptive Loop Filter (CC-ALF) that is asserted to be (i) simplified when compared to the solution studied CE5-2.1 and (ii) better aligned with the existing ALF design.  The coding performance of the design is evaluated using the Common Test Conditions (CTC) and compared to the VTM-6.0.  The YUV BD-Rate is reported to be -1.58%, -2.11%, -2.38% and -2.33%% for the AI, RA, LDB, and LDP test conditions, where the BD-Rate is calculated using the combined YUV metric of AhG13. 
With additional limitation that enables only one of either chroma ALF or CC-ALF for chroma component of a CTU the YUV BD-Rate is reported to be -1.30%, X.XX%, X.XX% and -X.XX%% for the AI, RA, LDB, and LDP test conditions

It is recommended to adopt the proposed CC-ALF design into the VVC draft.
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