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Abstract

In the 3rd JVET meeting, the Exploration Experiment 3 was established in JVET-C1011 to study the generalized bi-prediction (GBi) technique and report its coding performance on top of the JEM-3.0 software platform. GBi is an inter prediction mode that allows bi-prediction weights to be signalled at the leaf node of the quadtree plus binary tree structure and applied to each sample in bi-prediction. This contribution is based on JVET-C0047 (i.e. the original proposal of GBi) to evaluate the coding performance of GBi under three different settings for its weights: Test 1 with {3/8,1/2, 5/8}, Test 2 with {1/4, 3/8, 1/2, 5/8, 3/4} and Test 3 with {-1/4, 1/4, 3/8, 1/2, 5/8, 3/4, 5/4}. The coding results of each test shown in the following are reported relative to the JEM-3.0 anchor, where the metrics in use are based on average Y BD-rate reduction, encoding time and decoding time.

(Test 1) Random Access: 0.6%, Low Delay B: 0.4%, Encoding Time: 126%, Decoding Time: 99%;

(Test 2) Random Access: 0.7%, Low Delay B: 0.5%, Encoding Time: 154%, Decoding Time: 99%;

(Test 3) Random Access: 0.8%, Low Delay B: 0.9%, Encoding Time: 186%, Decoding Time: 99%.
1 Introduction
In JCTVC-C0047 [1], we introduced the technique of the generalized bi-prediction (GBi). Its idea is to perform bi-predictionby combining two motion-compensated prediction blocks using block-level adaptive weights from a pre-defined set of candidate weights. An index pointing to the entry position of a weight value in this candidate set is required for indicating the use of weight value for each bi-prediction block. When the weight value is determined, the motion compensation process is the same as that of weighted prediction (WP) [2] (and illumination compensation (IC) [3]). As such, the prediction process of GBi can reuse the existing logics of WP, and no extra decoding burden is introduced.
In the context of Exploration Experiment 3 (EE3) [4], three comments are mandatory to be addressed; they are:

(Q1) What is the meaning of the negative weight in bi-prediction?

(Q2) How does gain grow with additional new weights (one-by-one)?

(Q3) Is it possible to reduce encoder complexity by using fewer weights or restricting some of those at encoder side?
This contribution provides test results of GBi on the JEM-3.0 software [5] under three different settings for the candidate weights in order to address the comments. We shall describe the prediction technique of GBi in the next section.
2 Technical description

2.1 Generalized bi-prediction

GBi is a weighted bi-prediction technique. Its prediction process computes the prediction signal of a block as a weighted average of two motion-compensated prediction blocks using block-level adaptive weights, where the weight values need not be restricted to the same 0.5 as that used for the conventional bi-prediction. The prediction process of GBi can be formulated as

	P[x] = (1 - w) * P0[x + v0] + w * P1[x + v1],
	(1)


where P[x] denotes the prediction of a current-block sample x located at a picture position x, each Pi[x+vi], ∀i∈{0, 1}, is the motion-compensated prediction of x associated with a motion vector (MV) vi from a reference picture in reference list Li, 1-w and w represent weight values applied respectively to P0[x+v0] and P1[x+v1]. In this proposal, three different sets of candidate weights are tested, including: 
· W1 = {3/8, 1/2, 5/8},

· W2 = W1 ∪ {1/4, 3/4} = {1/4, 3/8, 1/2, 5/8, 3/4},

· W3 = W2 ∪ {-1/4, 5/4} = {-1/4, 1/4, 3/8, 1/2, 5/8, 3/4, 5/4}.
In addition, due to its similarity to the conventional bi-prediction (i.e. w=0.5), the GBi mode is extended to temporal prediction techniques that support bi-prediction in the JEM-3.0 software [5], including merge modes [2], advance temporal motion vector prediction [7], affine prediction mode and affine merge mode [6], bi-directional optical flow [8], and overlapped block motion compensation [9].
2.2 Coding of weight values
An index is introduced at the leaf node of the quadtree plus binary tree (QTBT) structure to indicate the entry position where w is located in the set (that is W1, W2, or W3) of candidate weights. It is then binarized using one of the two binarization schemes specified in Table 1. The choice of the binarization scheme adapts for each slice, depending on the value of the slice-level flag, mvd_l1_zero_flag. When it is equal to 0, Scheme #1 is used; otherwise (when it is equal to 1), Scheme #2 is used. Each bin is then context-coded after binarization.
This index of w is signalled explicitly when a bi-prediction block needs signalling motion vector difference (MVD); otherwise, no additional syntax-wise overhead is introduced. Then, the following rules are applied for determining the weight value for each PU.

· For each bi-prediction block in a QTBT leaf node that requires signalling MVD (i.e. normal inter prediction mode and affine prediction mode), its weight value is set equal to the explicitly signalled w.

· For each bi-prediction block in a QTBT leaf node that is coded with merge modes, advanced temporal motion vector prediction or the affine merge mode, its weight value w is inferred directly from the weight value used for the associated merge candidate.

· For the remaining bi-prediction blocks, their weight values are set equal to 0.5.

Table 1. Index binarization schemes.

	Index
	Weight value
	Binarization Schemes

	
	
	Scheme #1

(mvd_l1_zero_flag=0)
	Scheme #2

(mvd_l1_zero_flag=1)

	Test 1: W1

	0
	3/8
	00
	00

	1
	1/2
	1
	01

	2
	5/8
	01
	1

	Test 2: W2

	0
	1/4
	0000
	0000

	1
	3/8
	001
	0001

	2
	1/2
	1
	01

	3
	5/8
	01
	1

	4
	3/4
	0001
	001

	Test 3: W3

	0
	-1/4
	000000
	000000

	1
	1/4
	00001
	000001

	2
	3/8
	001
	0001

	3
	1/2
	1
	01

	4
	5/8
	01
	1

	5
	3/4
	0001
	001

	6
	5/4
	000001
	00001


2.3 Fast encoding algorithm
This section introduces the fast encoding algorithm used for GBi to reduce the encoding complexity. This fast encoding algorithm comprises two parts: (1) buffering block-wise prediction parameters and (2) skipping intra prediction based on the rate-distortion (R-D) cost of inter and skip modes.
· With QTBT structure, each block may be coded at least twice for optimizing the partitioning structure of QT and BT. In the JEM-3.0 software, the mode-decision results among the skip mode, non-skip inter modes and intra mode are buffered on a block-by-block basis. For example, if a block is coded with the skip mode, only the skip mode is evaluated in the R-D optimization process once it is going to be coded again. Following this same idea, the selection of weight values and its associated MVs are also buffered. The search process of both weight values and bi-prediction MVs are described as follows.
· If a block is coded for the first time with the 0.5 weight, bi-prediction MVs are optimized in the same way as JEM-3.0; that is, to search MVs exhaustively within a 9x9 region.

· If this block is coded for the first time with a non-0.5 weight, bi-prediction MVs are optimized using EPZS within a 9x9 region.

· Otherwise (if this block is to be re-encoded), only 0.5 and the buffered weight value are tested, where each bi-prediction MV is searched exhaustively within a 3x3 region pointed to by the buffered MV that is associated with a testing weight.
· The second part of the fast encoding algorithm skips evaluating the intra prediction mode when none of the non-GBi inter modes performs better, in terms of the R-D cost, than the skip mode.

3 Experimental results
The experiments for GBi were conducted using the HM-16.6+JEM-3.0 software [5] and the common test conditions [10] to produce the BD-rate numbers and the encoding and decoding time ratios. The performance results are summarized in Table 2 for Test 1, Table 3 for Test 2 and Table 4 for Test 3. The parallel encoding and parallel decoding as described in JVET-B0036 are applied to Random Access cases for both anchor and test. All the coding performance results of the JEM-3.0 anchor and three tests are generated using machines with uniform hardware specification. Detailed comparisons between these EE3 tests are recorded in the EE summary report (JVET-D0010) [11].
Table 2. BD-rate results and processing time ratios: JEM-3.0 + Test 1 vs. JEM-3.0.

	
	Random Access Main 10
	Low Delay B Main 10

	
	Y
	U
	V
	EncT
	DecT
	Y
	U
	V
	EncT
	DecT

	Class A1
	-0.3%
	-0.9%
	-0.7%
	120%
	95%
	
	
	
	
	

	Class A2
	-0.9%
	-1.1%
	-1.0%
	130%
	97%
	
	
	
	
	

	Class B
	-0.7%
	-0.5%
	-0.8%
	119%
	97%
	-0.5%
	-0.6%
	-0.6%
	130%
	97%

	Class C
	-0.5%
	-0.4%
	-0.5%
	121%
	100%
	-0.3%
	-0.3%
	-0.5%
	123%
	100%

	Class D
	-0.6%
	-0.3%
	-0.2%
	123%
	101%
	-0.5%
	-0.4%
	-0.7%
	125%
	101%

	Class E
	
	
	
	
	
	-0.5%
	-1.6%
	-1.6%
	152%
	100%

	Overall
	-0.6%
	-0.6%
	-0.6%
	122%
	98%
	-0.4%
	-0.7%
	-0.8%
	131%
	99%

	Class F
	-0.5%
	-0.7%
	-0.7%
	120%
	101%
	-0.2%
	-0.6%
	-0.5%
	124%
	100%


Table 3. BD-rate results and processing time ratios: JEM-3.0 + Test 2 vs. JEM-3.0.
	
	Random Access Main 10
	Low Delay B Main 10

	
	Y
	U
	V
	EncT
	DecT
	Y
	U
	V
	EncT
	DecT

	Class A1
	-0.4%
	-1.1%
	-0.8%
	141%
	101%
	
	
	
	
	

	Class A2
	-1.2%
	-1.4%
	-1.3%
	167%
	98%
	
	
	
	
	

	Class B
	-0.8%
	-0.7%
	-1.0%
	142%
	97%
	-0.7%
	-0.8%
	-0.7%
	161%
	96%

	Class C
	-0.6%
	-0.5%
	-0.5%
	142%
	101%
	-0.4%
	-0.4%
	-0.4%
	146%
	99%

	Class D
	-0.6%
	-0.6%
	-0.2%
	146%
	103%
	-0.6%
	-0.4%
	-1.2%
	152%
	102%

	Class E
	
	
	
	
	
	-0.5%
	-1.4%
	-1.4%
	200%
	97%

	Overall
	-0.7%
	-0.8%
	-0.8%
	147%
	100%
	-0.5%
	-0.7%
	-0.9%
	161%
	98%

	Class F
	-0.6%
	-1.0%
	-0.9%
	142%
	102%
	-0.5%
	-0.4%
	-1.1%
	153%
	100%


Table 4. BD-rate results and processing time ratios: JEM-3.0 + Test 3 vs. JEM-3.0.

	
	Random Access Main 10
	Low Delay B Main 10

	
	Y
	U
	V
	EncT
	DecT
	Y
	U
	V
	EncT
	DecT

	Class A1
	-0.7%
	-0.6%
	-1.0%
	179%
	99%
	
	
	
	
	

	Class A2
	-1.1%
	-1.4%
	-1.4%
	197%
	100%
	
	
	
	
	

	Class B
	-0.9%
	-0.9%
	-1.1%
	167%
	98%
	-1.0%
	-1.2%
	-1.1%
	199%
	99%

	Class C
	-0.7%
	-0.5%
	-0.5%
	164%
	102%
	-0.8%
	-0.4%
	-0.6%
	174%
	102%

	Class D
	-0.6%
	-0.3%
	-0.2%
	170%
	104%
	-0.7%
	-0.7%
	-1.2%
	179%
	99%

	Class E
	
	
	
	
	
	-1.1%
	-2.3%
	-2.0%
	257%
	100%

	Overall
	-0.8%
	-0.7%
	-0.8%
	175%
	99%
	-0.9%
	-1.1%
	-1.2%
	197%
	100%

	Class F
	-0.7%
	-1.0%
	-0.8%
	160%
	100%
	-1.8%
	-1.3%
	-1.6%
	172%
	101%


4 Conclusion
In this contribution, three different configurations of the generalized bi-prediction mode are studied. Coding performance improvement relative to the JEM-3.0 software is reported. The prediction process of GBi can be realized by reusing the existing processing unit of the weighted prediction, so nearly no extra decoding burden is introduced. Accordingly, we would recommend the committee to consider integrating GBi into the next release of JEM software.
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