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Abstract
This contribution proposes a bi-predictive intra block copy (IBC) to enhance the coding performance of IBC for natural and screen content. EE2-1.8 and EE2-1.9 (JVET-AD0208) of this meeting tests IBC for natural content. In the EE2-1.8/1.9, VVC spec, and current ECM design, IBC generates prediction samples with only one block vector (BV), i.e., uni-predictive IBC, but it still has room to improve the prediction accuracy of IBC. Therefore, this contribution adds IBC with two BVs, i.e., bi-predictive IBC, besides uni-predictive IBC. The proposed method consists of two types of bi-predictive IBCs. Method 1, naming IBC BVP-merge mode, derives the two BVs from the existing IBC BVP mode and IBC merge mode in ECM-8.0. Method 2, naming bi-predictive IBC merge mode, derives the two BVs from IBC merge candidate list, utilizing two IBC merge indices.
The experimental results of the two methods implemented on the top of EE2-1.8a (without fractional IBC) and EE2-1.8b1.8c (with fractional IBC) in AI are reportedly {for Y, U, V, EncT, DecT}:
Test 1: IBC BVP-merge mode + bi-predictive IBC merge mode in EE2-1.8a
· Overall :{-1.10%, -1.34%, -1.35%, 111%, 100%} over ECM-8.0, {-0.51%, -0.59%, -0.62%, 109%, 100%} over EE2-1.8a
· TGM :{-0.51%, -0.19%, -0.17%, 103%, 98%} over ECM-8.0 / EE2-1.8a
Test 2: IBC BVP-merge mode + bi-predictive IBC merge mode in EE2-1.8b1.8c
· Overall :{-1.35%, -1.59%, -1.60%, 117%, 102%} over ECM-8.0, {-0.42%, -0.40%, -0.44%, 112%, 102%} over EE2-1.8b1.8c
Test 3: IBC BVP-merge mode over EE2-1.8a
· Overall :{-0.80%, -1.05%, -1.01%, 103%, 99%} over ECM-8.0, {-0.21%, -0.30%, -0.28%, 101%, 100%} over EE2-1.8b1.8a
Test 4: IBC BVP-merge mode over EE2-1.8b1.8c
· Overall :{-1.01%, -1.28%, -1.27%, 105%,101 %} over ECM-8.0, {-0.07%, -0.08%, -0.10%, 101%, %} over EE2-1.8b1.8c
Test 5: Test 2 + encoder optimization
· Overall :{%, %, %, %, %} over EE2-1.8c
Introduction
IBC for natural content (i.e., camera-captured content) by JVET-AC0161 [1] was adopted into exploration experiment 2 (EE2) in the previous meeting, and the experiment results are reported as EE2-1.8 in JVET-AD0208 [2]. According to EE2-1.8, IBC brings significant coding gains for specific natural content in AI configuration in addition to screen content, while not in RA configuration. Therefore, EE2-1.8 remains disabling IBC in inter slices to retain an increase in encoder runtime by IBC. EE2-1.8 consists of two tests which are EE2-1.8a (without fractional IBC) and EE2-1.8b1.8c (with fractional IBC).
In EE2-1.8, VVC spec [3], and the latest ECM design (ECM-8.0) [4] [5], IBC generates prediction samples with only one block vector (BV) that is uni-predictive IBC, but it still has room to improve the prediction accuracy of IBC. Hence, this contribution proposes IBC with two BVs, that is, bi-predictive IBC inspired by inter-merge mode, to improve the coding performance of IBC.
Proposed method
Overview
The proposed method consists of the following two types of bi-predictive IBCs.
· Method 1: IBC BVP-merge mode
· Method 2: Bi-predictive IBC merge mode
Method 1 derives the two required BVs from IBC block vector prediction (BVP) mode and IBC merge mode, similar to the MV derivation of AMVP-merge mode. Two different indices for the IBC BVP mode and the IBC merge candidate are signaled from the encoder to the decoder, different from the AMVP-merge mode.
Method 2 derives the two required BVs from the IBC merge candidate list, utilizing two different IBC merge indices. The two indices are signaled from the encoder to the decoder. The target of the bi-predictive IBC merge mode is not only IBC-regular merge but also IBC merge mode with block vector difference (IBC-MBVD) and IBC geometric partitioning mode (IBC-GPM), which are enabled in ECM-8.0 for screen content by default. In Method 2, bi-predictive IBC-MBVD is enabled in natural and screen content, while bi-predictive IBC-GPM is enabled only in screen content.
Details of the proposed methods
The details of the proposed methods are as follows:
· Merge candidate list construction: Both solutions reuse the existing IBC merge candidate list construction scheme for uni-predictive IBC merge mode in ECM-8.0.
· BV refinement: Both solutions enable the existing IBC with template matching in ECM-8.0.
· Compensation: Both solutions generate final IBC prediction samples with a simple (1:1) average of bi-predictive IBC samples.
· BV storage: The two BVs are stored in BV storage when the bi-predictive IBC is enabled.
· Signalling: A control flag of bi-predictive IBC is signaled at a slice level in I slice, whereas not signaled in B and P slices. Reconstructed-Reordered IBC in ECM-8.0 is disabled when the bi-predictive IBC is enabled.
· Misc.: Both solutions are enabled in chroma component blocks of the single tree.
Experimental results
The proposed methods are implemented on top of EE2-1.8a (without fractional IBC) and EE2-1.8b1.8c (with fractional IBC). The following four tests were conducted for natural content based on the common test condition and evaluation procedures for enhanced compression tool testing [4] in AI configuration. As for the screen content (classes F and TGM), only Test 1 and Test 2 were conducted. The results in RA configuration are obtained only in Test 1.
· Test 1: IBC BVP-merge mode + bi-predictive IBC merge mode in EE2-1.8a
· Test 2: IBC BVP-merge mode + bi-predictive IBC merge mode in EE2-1.8b1.8c
· Test 3: IBC BVP-merge mode in EE2-1.8a
· Test 4: IBC BVP-merge mode in EE2-1.8b1.8c
· [bookmark: _GoBack]Test 5: Test 2 + encoder optimization for natural content
More detailed results can be found in the attached spreadsheets.
Table 1: Performance of Test 1 in AI conf. over ECM-8.0 (left) and over EE2-1.8a (right)
	AI
	Over ECM-8.0
	Over EE2-1.8a

	Class
	Y
	U
	V
	EncT
	DecT
	Y
	U
	V
	EncT
	DecT

	A1
	-0.12%
	-0.16%
	-0.15%
	108%
	100%
	-0.05%
	-0.14%
	-0.15%
	107%
	100%

	A2
	-1.72%
	-2.18%
	-2.24%
	109%
	99%
	-0.77%
	-0.81%
	-0.89%
	107%
	100%

	B
	-1.29%
	-1.58%
	-1.49%
	112%
	99%
	-0.60%
	-0.72%
	-0.65%
	110%
	100%

	C
	-0.45%
	-0.56%
	-0.65%
	113%
	100%
	-0.22%
	-0.16%
	-0.29%
	109%
	100%

	E
	-2.01%
	-2.33%
	-2.37%
	113%
	100%
	-0.96%
	-1.16%
	-1.23%
	109%
	101%

	Overall
	-1.10%
	-1.34%
	-1.35%
	111%
	100%
	-0.51%
	-0.59%
	-0.62%
	109%
	100%

	D
	-0.63%
	-1.13%
	-0.99%
	113%
	100%
	-0.20%
	-0.28%
	-0.24%
	109%
	100%

	F
	-0.23%
	-0.46%
	-0.51%
	104%
	100%
	-0.24%
	-0.46%
	-0.51%
	104%
	100%

	TGM
	-0.51%
	-0.19%
	-0.17%
	103%
	98%
	-0.51%
	-0.19%
	-0.17%
	103%
	98%


Table 2: Performance of Test 1 in RA conf. over ECM-8.0 (left) and over EE2-1.8a (right)
	RA
	Over ECM-8.0
	Over EE2-1.8a

	Class
	Y
	U
	V
	EncT
	DecT
	Y
	U
	V
	EncT
	DecT

	A1
	-0.02%
	-0.07%
	0.01%
	100%
	100%
	-0.01%
	-0.02%
	0.11%
	100%
	100%

	A2
	-0.67%
	-0.86%
	-0.64%
	100%
	100%
	-0.28%
	-0.36%
	-0.46%
	101%
	100%

	B
	-0.58%
	-0.70%
	-0.75%
	102%
	99%
	-0.25%
	-0.39%
	-0.45%
	101%
	100%

	C
	-0.14%
	-0.23%
	-0.17%
	103%
	100%
	-0.08%
	-0.14%
	-0.14%
	101%
	100%

	E
	　
	
	　
	　
	　
	　
	
	　
	　
	　

	Overall
	-0.37%
	-0.48%
	-0.42%
	101%
	100%
	-0.16%
	-0.25%
	-0.26%
	101%
	100%

	D
	-0.12%
	-0.36%
	-0.37%
	102%
	100%
	-0.03%
	-0.60%
	0.20%
	101%
	100%

	F
	-0.04%
	-0.36%
	-0.37%
	100%
	100%
	-0.05%
	-0.36%
	-0.37%
	101%
	100%

	TGM
	-0.42%
	-0.20%
	-0.22%
	100%
	100%
	-0.42%
	-0.20%
	-0.22%
	100%
	100%


Table 3: Performance of Test 2 in AI conf. over ECM-8.0 (left) and over EE2-1.8b1.8c (right)
	AI
	Over ECM-8.0
	Over EE2-1.8c

	Class
	Y
	U
	V
	EncT
	DecT
	Y
	U
	V
	EncT
	DecT

	A1
	%
	%
	%
	%
	%
	%
	%
	%
	%
	%

	A2
	%
	%
	%
	%
	%
	%
	%
	%
	%
	%

	B
	%
	%
	%
	%
	%
	%
	%
	%
	%
	%

	C
	-0.68%
	-0.93%
	-0.98%
	118%
	101%
	-0.22%
	-0.23%
	-0.36%
	113%
	102%

	E
	-2.88%
	-3.32%
	-3.30%
	118%
	103%
	-0.73%
	-0.76%
	-0.75%
	112%
	103%

	Overall
	%
	%
	%
	%
	%
	%
	%
	%
	%
	%

	D
	-0.86%
	-1.43%
	-1.30%
	117%
	102%
	-0.19%
	-0.33%
	-0.29%
	112%
	101%

	F
	%
	%
	%
	%
	%
	%
	%
	%
	%
	%

	TGM
	-1.09%
	-0.56%
	-0.55%
	108%
	105%
	-0.33%
	-0.09%
	-0.10%
	103%
	98%


Table 4: Performance of Test 3 in AI conf. over ECM-8.0 (left) and over EE2-1.8a (right)
	AI
	Over ECM-8.0
	Over EE2-1.8a

	Class
	Y
	U
	V
	EncT
	DecT
	Y
	U
	V
	EncT
	DecT

	A1
	-0.07%
	-0.12%
	-0.09%
	102%
	100%
	0.01%
	-0.10%
	-0.09%
	101%
	100%

	A2
	-1.33%
	-1.83%
	-1.82%
	102%
	98%
	-0.37%
	-0.46%
	-0.46%
	100%
	100%

	B
	-0.94%
	-1.21%
	-1.14%
	103%
	99%
	-0.26%
	-0.36%
	-0.29%
	101%
	100%

	C
	-0.31%
	-0.51%
	-0.50%
	104%
	100%
	-0.08%
	-0.11%
	-0.14%
	100%
	100%

	E
	-1.43%
	-1.67%
	-1.62%
	104%
	100%
	-0.37%
	-0.49%
	-0.47%
	100%
	100%

	Overall
	-0.80%
	-1.05%
	-1.01%
	103%
	99%
	-0.21%
	-0.30%
	-0.28%
	101%
	100%

	D
	-0.50%
	-1.04%
	-0.82%
	103%
	100%
	-0.06%
	-0.18%
	-0.07%
	100%
	100%

	F
	%
	%
	%
	%
	%
	%
	%
	%
	%
	%

	TGM
	%
	%
	%
	%
	%
	%
	%
	%
	%
	%


Table 5: Performance of Test 4 in AI conf. over ECM-8.0 (left) and over EE2-1.8b1.8c (right)
	AI
	Over ECM-8.0
	Over EE2-1.8c

	Class
	Y
	U
	V
	EncT
	DecT
	Y
	U
	V
	EncT
	DecT

	A1
	%
	%
	%
	%
	%
	%
	%
	%
	%
	%

	A2
	%
	%
	%
	%
	%
	%
	%
	%
	%
	%

	B
	%
	%
	%
	%
	%
	%
	%
	%
	%
	%

	C
	-0.51%
	-0.69%
	-0.78%
	106%
	100%
	-0.06%
	0.01%
	-0.16%
	101%
	100%

	E
	-2.37%
	-2.77%
	-2.83%
	106%
	100%
	-0.21%
	-0.19%
	-0.26%
	100%
	100%

	Overall
	%
	%
	%
	%
	%
	%
	%
	%
	%
	%

	D
	-0.72%
	-1.16%
	-1.08%
	105%
	100%
	-0.05%
	-0.07%
	-0.07%
	101%
	100%

	F
	%
	%
	%
	%
	%
	%
	%
	%
	%
	%

	TGM
	-1.09%
	-0.56%
	-0.55%
	109%
	105%
	%
	%
	%
	%
	%


Table 5: Performance of Test 5 in AI conf. over ECM-8.0 (left) and over EE2-1.8c (right)
	AI
	Over ECM-8.0
	Over EE2-1.8c

	Class
	Y
	U
	V
	EncT
	DecT
	Y
	U
	V
	EncT
	DecT

	A1
	%
	%
	%
	%
	%
	%
	%
	%
	%
	%

	A2
	%
	%
	%
	%
	%
	%
	%
	%
	%
	%

	B
	%
	%
	%
	%
	%
	%
	%
	%
	%
	%

	C
	-0.62%
	-0.83%
	-0.83%
	110%
	101%
	-0.17%
	-0.13%
	-0.21%
	105%
	101%

	E
	-2.74%
	-3.24%
	-3.22%
	109%
	102%
	-0.58%　
	-0.68%
	-0.67%　
	104%　
	102%　

	Overall
	%
	%
	%
	%
	%
	　
	　
	　
	　
	　

	D
	-0.82%
	-1.37%
	-1.26%
	109%
	102%
	-0.15%
	-0.28%
	-0.25%
	105%
	102%

	F
	%
	%
	%
	%
	%
	
	
	　
	
	　

	TGM
	-1.09%
	-0.56%
	-0.55%
	108%
	105%
	-0.33%
	-0.09%
	-0.10%
	103%
	98%


Conclusion
In this contribution, the two types of bi-predictive IBC methods are proposed. The proposed methods bring some coding gains with a good trade-off between coding performance and complexity. It is recommended to adopt the proposed methods into the next EE2.
This work was supported by Ministry of Internal Affairs and Communications (MIC) of Japan (Grant no. JPJ000595).
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