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Abstract
This contribution proposes complexity reduction of the Cross Component Adaptive Loop Filter (CCALF) which is a tool currently being investigated in CE 5-2.1 and CE5-2.2. The original filter shape proposed in CE 5-2.1 uses 14 multiplications for filtering of each Chroma sample. The current proposal reduces the number of multiplications to 8 for each sample and at the same time the coding gain of the original tool is mostly kept.  Moreover the line buffer requirement is also reduced by 1 line when compared to the filter shape proposed in CE 5-2.1.   
When Chroma gains are shifted to Luma by using the same approach as in CE 5-2.1 and when the filter is operated in-loop, the BD-Rate results on top of VTM-6.0 are as follows: 

	Config.
	Y
	U
	V
	EncT
	DecT

	AI
	-1.01%
	1.49%
	3.09%
	100%
	103%

	RA
	-1.16%
	0.88%
	1.22%
	100%
	102%

	LDB
	   -0.51%    
	    -2.53%    
	2.09%
	100%
	    102%

	LDP
	-0.46%
	 -2.37%
	2.78%
	101%
	101%


Introduction 
CE 5-2.1 [3] introduces a cross component adaptive loop filter where a correction factor is derived by applying a diamond shaped filter on the luma component. The correction factor is further added to the output of Chroma ALF.  The filter is performed independently for both Cb and Cr components.  The filter shape used is as shown in Fig. 1 below. 
                                                         [image: ]
                   Figure. 1 Original diamond shaped filter used in CCALF (CE 5-2.1 and CE 5-2.2)
For filtering of each Chroma sample, 14 multiplications are required on the luma samples. It is highly desirable to reduce the computational complexity of the CCALF by reducing the number of multiplications.         
Proposed Solution
As shown in Fig.2, the filter shape is modified to have only 8 coefficients. Therefore only 8 multiplications are required for filtering of each Chroma sample. The new filer shape also has an additional advantage that the line buffer is reduced by one line when compared to the original filter shape.
             [image: ]
                                       Figure. 2 Modified CCALF filter shape 
Simulation Results
The test is implemented on top of the CE 5-2.1 software. The results presented below are for the configuration which configures the filter as an In-loop filter. are after the Chroma gains are shifted to Luma and the filter is tested as an In-loop filter.  
Results with Anchor as VTM-6.0 with ChromaQPoffset

	
	All Intra Main10 

	
	Over 

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	-1.20%
	5.86%
	4.34%
	101%
	103%

	Class A2
	-2.03%
	0.69%
	-0.35%
	99%
	101%

	Class B
	-0.76%
	-1.10%
	1.52%
	100%
	102%

	Class C
	-0.79%
	4.73%
	5.29%
	100%
	104%

	Class E
	-0.50%
	-2.10%
	4.94%
	101%
	104%

	Overall 
	-1.01%
	1.49%
	3.09%
	100%
	103%

	Class D
	-0.77%
	5.38%
	5.34%
	100%
	104%

	Class F 
	-0.75%
	-0.41%
	-0.95%
	101%
	102%

	
	
	
	
	
	

	
	Random Access Main 10

	
	Over 

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	-1.82%
	5.73%
	4.60%
	99%
	101%

	Class A2
	-2.02%
	0.32%
	-5.35%
	99%
	102%

	Class B
	-0.55%
	-6.05%
	-1.56%
	100%
	102%

	Class C
	-0.79%
	6.31%
	7.09%
	101%
	102%

	Class E
	 
	
	 
	 
	 

	Overall
	-1.16%
	0.88%
	1.22%
	100%
	102%

	Class D
	-0.64%
	5.45%
	6.60%
	101%
	104%

	Class F 
	-0.92%
	2.21%
	2.75%
	101%
	103%

	
	
	
	
	
	

	
	Low delay B Main10 

	
	Over 

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	 
	 
	 
	 
	 

	Class A2
	 
	
	 
	 
	 

	Class B
	-0.53%
	-7.10%
	-5.38%
	100%
	102%

	Class C
	-0.71%
	5.53%
	7.22%
	100%
	101%

	Class E
	-0.21%
	-5.65%
	7.69%
	101%
	102%

	Overall
	-0.51%
	-2.53%
	2.09%
	100%
	102%

	Class D
	-0.60%
	5.64%
	8.27%
	100%
	100%

	Class F 
	-0.90%
	-1.81%
	0.46%
	100%
	101%

	
	
	
	
	
	

	
	Low delay P Main10 

	
	Over 

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	 
	 
	 
	 
	 

	Class A2
	 
	
	 
	 
	 

	Class B
	-0.52%
	-6.78%
	-4.55%
	100%
	102%

	Class C
	-0.69%
	6.07%
	7.78%
	100%
	101%

	Class E
	-0.04%
	-6.28%
	8.32%
	102%
	101%

	Overall
	-0.46%
	-2.37%
	2.78%
	101%
	101%

	Class D
	-0.48%
	6.12%
	7.99%
	100%
	101%

	Class F 
	-0.90%
	-1.44%
	0.07%
	100%
	102%


Results with Anchor as VTM-6.0 without ChromaQPOffset

	
	All Intra Main10 

	
	Over VTM 6.0

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	0.12%
	-3.05%
	-3.67%
	103%
	103%

	Class A2
	0.13%
	-7.87%
	-8.59%
	102%
	103%

	Class B
	0.08%
	-10.08%
	-8.06%
	101%
	103%

	Class C
	0.09%
	-3.50%
	-3.22%
	101%
	104%

	Class E
	0.15%
	-9.57%
	-3.32%
	102%
	104%

	Overall 
	0.11%
	-6.99%
	-5.55%
	102%
	104%

	Class D
	0.10%
	-2.80%
	-2.89%
	101%
	106%

	Class F 
	0.15%
	-5.93%
	-6.26%
	102%
	103%

	
	
	
	
	
	

	
	Random Access Main 10

	
	Over VTM 6.0

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	0.15%
	-5.27%
	-4.89%
	101%
	102%

	Class A2
	0.23%
	-10.38%
	-15.02%
	101%
	102%

	Class B
	0.21%
	-17.35%
	-13.49%
	101%
	102%

	Class C
	0.12%
	-4.49%
	-3.88%
	101%
	103%

	Class E
	 
	
	 
	 
	 

	Overall
	0.18%
	-10.11%
	-9.51%
	101%
	102%

	Class D
	0.12%
	-5.11%
	-4.56%
	101%
	104%

	Class F 
	0.20%
	-4.33%
	-4.21%
	102%
	104%

	
	
	
	
	
	

	
	Low delay B Main10 

	
	Over VTM 6.0

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	 
	 
	 
	 
	 

	Class A2
	 
	
	 
	 
	 

	Class B
	0.18%
	-20.00%
	-18.26%
	101%
	103%

	Class C
	0.14%
	-7.05%
	-5.48%
	100%
	101%

	Class E
	0.08%
	-15.88%
	-5.94%
	102%
	102%

	Overall
	0.14%
	-14.65%
	-10.92%
	101%
	102%

	Class D
	0.18%
	-7.48%
	-5.48%
	101%
	101%

	Class F 
	0.23%
	-9.23%
	-7.13%
	101%
	102%

	
	
	
	
	
	

	
	Low delay P Main10 

	
	Over VTM 6.0

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	 
	 
	 
	 
	 

	Class A2
	 
	
	 
	 
	 

	Class B
	0.22%
	-19.95%
	-17.96%
	101%
	102%

	Class C
	0.21%
	-6.81%
	-5.34%
	101%
	102%

	Class E
	0.37%
	-16.67%
	-6.29%
	102%
	102%

	Overall
	0.25%
	-14.75%
	-10.84%
	101%
	102%

	Class D
	0.31%
	-7.16%
	-5.48%
	101%
	101%

	Class F 
	0.33%
	-8.81%
	-8.10%
	101%
	102%





Results with CE 5-2.1 (Inloop with ChromaQPoffset) as Anchor

	
	All Intra Main10 

	
	Over 

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	-0.02%
	0.44%
	0.59%
	98%
	99%

	Class A2
	0.01%
	1.04%
	0.43%
	99%
	99%

	Class B
	-0.02%
	0.68%
	0.62%
	99%
	99%

	Class C
	-0.04%
	0.74%
	0.75%
	100%
	100%

	Class E
	-0.04%
	0.76%
	0.22%
	99%
	99%

	Overall 
	-0.02%
	0.73%
	0.54%
	99%
	99%

	Class D
	-0.02%
	-0.01%
	0.47%
	99%
	100%

	Class F 
	-0.03%
	0.63%
	0.36%
	99%
	99%

	
	
	
	
	
	

	
	Random Access Main 10

	
	Over 

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	-0.01%
	0.44%
	0.44%
	99%
	99%

	Class A2
	0.03%
	1.52%
	0.94%
	99%
	99%

	Class B
	-0.01%
	0.34%
	0.78%
	99%
	99%

	Class C
	-0.01%
	0.54%
	0.47%
	99%
	99%

	Class E
	 
	
	 
	 
	 

	Overall
	0.00%
	0.65%
	0.66%
	99%
	99%

	Class D
	0.00%
	-0.67%
	0.17%
	99%
	99%

	Class F 
	0.00%
	0.46%
	0.52%
	99%
	99%

	
	
	
	
	
	

	
	Low delay B Main10 

	
	Over 

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	 
	 
	 
	 
	 

	Class A2
	 
	
	 
	 
	 

	Class B
	0.01%
	2.70%
	1.50%
	99%
	99%

	Class C
	0.03%
	1.68%
	1.75%
	99%
	100%

	Class E
	0.03%
	-0.03%
	0.09%
	98%
	99%

	Overall
	0.02%
	1.68%
	1.23%
	99%
	99%

	Class D
	-0.04%
	0.68%
	0.85%
	99%
	98%

	Class F 
	-0.06%
	0.91%
	0.80%
	99%
	99%

	
	
	
	
	
	

	
	Low delay P Main10 

	
	Over 

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	 
	 
	 
	 
	 

	Class A2
	 
	
	 
	 
	 

	Class B
	0.03%
	2.56%
	1.22%
	99%
	99%

	Class C
	0.01%
	1.72%
	1.67%
	99%
	99%

	Class E
	0.07%
	-0.24%
	0.16%
	98%
	100%

	Overall
	0.03%
	1.58%
	1.10%
	99%
	99%

	Class D
	0.03%
	0.60%
	-0.27%
	99%
	100%

	Class F 
	-0.13%
	0.71%
	0.16%
	99%
	100%



Conclusion
The current contribution proposes simplification of CCALF by proposing a filter shape which only uses 8 filter coefficients. Therefore only 8 multiplications are required for filtering of each Chroma sample. Moreover the proposed filter shape also has an additional advantage that it reduces the line buffer requirement by 1 line when compared to the filter shape proposed in CE5-2.1.  Simulation results show that the BD-Rate loss on top of the CE 5-2.1 (IN-loop, with ChormaQPoffset) Anchor is around 0.1% for RA configuration when (8Y + U + V)/10 weighting factor is used. Specification text changes are provided on top of the CE5-2.1 spec and is attached along with the contribution. The main changes are highlighted in Green color. 
It is recommended to evaluate the current proposal along with other proposals which target CCALF computational complexity simplifications in a core experiment. 
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