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Abstract
A division-free bilateral filter was adopted in the JEM-6.0 reference software during the Hobart meeting. In this proposal, a scheme is presented to simplify this bilateral filter.  The proposed scheme by-passes the bilateral filtering on a reconstructed block when its associated inverse quantized transform coefficients are zeros except for the DC coefficient.  It is reported that this simplification yields an average decoding speed-up of 1% for AI, with negligible luma BD rate increase of up to 0.03% across all configurations.  
Introduction 
In JVET-F0096, a division-free bilateral filter was proposed for filtering reconstructed luma samples for reducing the quantization noise [2].  The filter is applicable to all intra/inter reconstructed luma blocks that satisfy certain conditions, and therefore it does not require to signal the filtering decision in the bitstream.  The weight of the bilateral filter for the sample at position  when filtering a sample at  is defined as 
, 						(1)
where  and  are the reconstructed samples at  and , respectively,  is the spatial parameter, and  is the range parameter.  
The proposed bilateral filter simplification
When the inversed quantized transform coefficients have only one non-zero coefficient at the DC position, the associated residual samples  are constant, i.e., .  Therefore, the difference in reconstructed samples in Equation (1) can be simplified as follows:
						(2)
where  is the prediction sample at  This is similar to the case when the Cbf is zero, where  is equal to zero in Equation (2).  In JEM-6.0, bilateral filtering is skipped when Cbf is zero [1].  Since the filter coefficients under the new condition would be identical to the filter coefficients when Cbf is zero, if the filter were to be used, we skip bilateral filtering under the new condition.
We next describe our approach for simplifying the bilateral filter for intra- and inter-coded blocks.
Intra-coded blocks
In intra coding, the bilateral filter is applied to a reconstructed block only when the following set of conditions are all satisfied [1], as illustrated in Figure 1(a):
1. Color component is luma;
2. Cbf flag is not equal to zero;
3. QP > 17.
In the proposed approach, we include an additional condition to the above list, as illustrated in Figure 1(b).  The inverse quantized primary transform coefficients of one CU are examined to see if they contain only one non-zero coefficient that is at the DC frequency position, and the result of this condition is indicated by the variable “only_non_zero_DC” in Figure 1(b). If this condition is true, then bilateral filtering is skipped for the CU, as shown in Figure 1(b).
[image: ]
Figure 1. (a) Conditions that need to be satisfied to apply the bilateral filter for intra-coded blocks in JEM-6.0. (b) Conditions for the proposed approach, where the change is highlighted. 


Inter-coded blocks 
In inter coding, the bilateral filter is applied to a reconstructed block only when the following set of conditions are satisfied [1], as illustrated in Figure 2(a):
1. Color component is luma;
2. Cbf flag is not equal to zero;
3. QP > 17;
4. Minimum of CU width and height is less than 16.
In the proposed approach, an additional condition is added, as illustrated in Figure 2(b).  The inverse quantized transform coefficients are examined to see if they contain only one non-zero DC coefficient and remaining zero coefficients, and the result of this condition is indicated by the variable “only_non_zero_DC”.  If this condition is true, bilateral filtering is skipped.
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Figure 2. (a) Conditions that need to be satisfied to apply the bilateral filter for inter-coded blocks in JEM-6.0. (b) Conditions for the proposed approach, where the change is highlighted. 
Experimental results
The proposed simplification is applied to the HM-16.6-JEM-6.0 software.  The unmodified HM-16.6-JEM-6.0 is used as the anchor for comparing the proposed approach.  Tests are conducted as specified by the CTC [3], and results are summarized in Tables 1, 2, 3, and 4.  The accompanying Excel sheets contain detailed results.



Table 1. AI results compared to JEM-6.0 anchor.
	
	Over HM-16.6-JEM-6.0 (parallel)

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	0.00%
	-0.01%
	0.02%
	99%
	99%

	Class A2
	0.04%
	0.11%
	0.00%
	99%
	99%

	Class B
	0.03%
	-0.02%
	-0.04%
	100%
	100%

	Class C
	0.05%
	0.05%
	0.05%
	100%
	99%

	Class D
	0.04%
	-0.03%
	-0.10%
	100%
	99%

	Class E
	0.04%
	-0.01%
	-0.09%
	100%
	100%

	Overall 
	0.03%
	0.01%
	-0.02%
	100%
	99%



Table 2. RA results compared to JEM-6.0 anchor.
	
	Over HM-16.6-JEM-6.0 (parallel)

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	0.01%
	0.01%
	0.04%
	100%
	99%

	Class A2
	0.05%
	-0.15%
	-0.06%
	100%
	100%

	Class B
	0.00%
	0.01%
	-0.02%
	100%
	100%

	Class C
	0.04%
	-0.06%
	-0.09%
	100%
	100%

	Class D
	0.02%
	0.06%
	-0.33%
	100%
	100%

	Class E
	 -
	-
	- 
	 -
	- 

	Overall 
	0.02%
	-0.02%
	-0.09%
	100%
	100%



Table 3. LDB results compared to JEM-6.0 anchor.
	
	Over HM-16.6-JEM-6.0 (parallel)

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	- 
	 -
	- 
	- 
	- 

	Class A2
	 -
	-
	- 
	- 
	- 

	Class B
	0.03%
	0.05%
	-0.23%
	100%
	99%

	Class C
	0.00%
	-0.18%
	-0.38%
	100%
	100%

	Class D
	0.02%
	0.08%
	-0.09%
	100%
	100%

	Class E
	0.06%
	0.42%
	0.84%
	100%
	100%

	Overall 
	0.02%
	0.07%
	-0.03%
	100%
	100%



Table 4. LDP results compared to JEM-6.0 anchor.
	
	Over HM-16.6-JEM-6.0 (parallel)

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	 -
	 -
	 -
	- 
	- 

	Class A2
	- 
	-
	- 
	- 
	 -

	Class B
	-0.01%
	-0.04%
	-0.30%
	100%
	100%

	Class C
	0.02%
	0.11%
	-0.13%
	100%
	100%

	Class D
	0.02%
	0.14%
	-0.62%
	100%
	100%

	Class E
	-0.01%
	-0.39%
	0.46%
	100%
	100%

	Overall 
	0.01%
	-0.02%
	-0.19%
	100%
	100%



Conclusion
This contribution proposes a simplification approach for the bilateral filter.  For each block, the inverse quantized transform coefficients are examined, and if they contain only one non-zero coefficient that is at the DC position, then bilateral filtering is skipped for the associated reconstructed block. This simplification yields 1% decoding speed-up for AI, with an average luma BD rate performance loss up to 0.03% across all configurations. 
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