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Abstract
Generalized bi-prediction (GBi) is included in BMS-2.0 to improve the motion compensated prediction. In GBi, bi-prediction is generated using a weighting parameter index signaled at the CU level. In order for the encoder to select the optimal GBi weight index, multiple sets of weights need to be evaluated based on rate-distortion (RD) cost, which increases the encoding complexity. In this contribution, five encoder speed-up methods and one GBi encoder bug fix are proposed to reduce the encoding complexity while keeping GBi’s coding efficiency. The encoder speed-up methods include: (1) skipping affine motion estimation for some GBi weights conditionally; (2) reducing the number of weights for RD cost checking for low-delay pictures in the encoding for 1-pel and 4-pel MVD precision; (3) conditionally skipping bi-prediction search when reference pictures of two lists are the same; (4) skipping RD cost checking for unequal GBi weights based on temporal layer and the POC distance between reference picture and current picture; (5) changing floating calculation to fixed-point calculation for unequal GBi weights. The encoder speed-up can achieve 6% encoding time reduction with about 0.04% loss. The bug fix is related to the combination of GBi and 6-parameter affine model. Experimental results show that compared to VTM-2.1 anchor, with the proposed GBi encoder speed-up and encoder bug fix achieve average {Y, U, V} BD-rate savings of {-0.73%, -0.93%, -0.89%}, {-0.32%, -0.32%, -0.42%} for RA and LD, respectively.
1. [bookmark: _Ref525075319]Introduction
[bookmark: _GoBack]At the 11th JVET meeting, GBi was adopted in BMS-2.0 reference software [1]. With GBi, the bi-prediction Pbi-pred is generated using Eq. (1) with one weighting parameter signaled for the coding unit coded, where P0 and P1 are motion compensated predictions using reference picture in list-0 and list-1, respectively. w is weighting parameter for list-1 prediction represented in 1/8 precision. 
	
	[bookmark: _Ref525466761](1)


In current GBi design, there are 5 weights {-2/8, 3/8, 4/8, 5/8, 10/8} available for low-delay picture and 3 weights {3/8, 4/8, 5/8} for non-low-delay picture. The GBi weight is determined by RD cost and the weight checking order is {4/8, -2/8, 10/8, 3/8, 5/8} at the encoder. For each valid GBi weight, the encoder needs to perform motion estimation, and residual coding to calculate RD cost. GBi is also combined with other coding tools, such as affine motion models and adaptive motion vector resolution (AMVR). Even with some fast GBi encoding methods in BMS-2.1, GBi increases encoding complexity by more than 10%. 
2. GBi encoder bug fix and encoder speed-up
2.1 GBi encoder bug fix 
To reduce the GBi encoding complexity, in current encoder design, the encoder will store uni-prediction motion vectors estimated from GBi weight equal to 4/8, and reuse them for uni-prediction search of other GBi weights. This fast encoding method is applied to both translation motion model and affine motion model. In VTM-2.0, 6-parameter affine model was adopted together with 4-parameter affine model. The BMS-2.1 encoder does not differentiate 4-parameter affine model and 6-parameter affine model when it stores the uni-prediction affine MVs when GBi weight is equal to 4/8. Consequently, 4-parameter affine MVs may be overwritten by 6-parameter affine MVs after the encoding with GBi weight 4/8. And the stored 6-parmater affine MVs may be used for 4-parameter affine ME for other GBi weights. Or the stored 4-parameter affine MVs may be used for 6-parameter affine ME. The proposed GBi encoder bug fix is to separate the 4-paramerter and 6-parameter affine MVs storage. The encoder stores those affine MVs based on affine model type when GBi weight is equal to 4/8, and reuse the corresponding affine MVs based on the affine model type for other GBi weights.
2.2 GBi encoder speed-up
Five encoder speed-up methods are proposed to reduce the encoding complexity when GBi is enabled. 
(1) Skipping affine motion estimation for some GBi weights conditionally
In BMS-2.1, affine ME including 4-parameter and 6-parameter affine ME is performed for all GBi weights. We propose to skip affine ME for those unequal GBi weights (weights unequal to 4/8) conditionally. Specifically, affine ME will be performed for other GBi weights if and only if the affine mode is selected as the current best mode and it is not affine merge mode after evaluating the GBi weight of 4/8. If affine mode is not selected as the current best mode or if affine merge is selected as the current best mode, affine ME will be skipped for all other GBi weights.
(2) Reducing the number of weights for RD cost checking for low-delay pictures in the encoding for 1-pel and 4-pel MVD precision
For low-delay pictures, there are five weights for RD cost checking for all MVD precisions including 1/4-pel, 1-pel and 4-pel. The encoder will check RD cost for 1/4-pel MVD precision first. We propose to skip some GBi weights for RD cost checking for 1-pel and 4-pel MVD precisions. We order those unequal weights according to their RD cost in 1/4-pel MVD precision. Only the first two weights with the smallest RD costs, together with GBi weight 4/8, will be evaluated during the encoding in 1-pel and 4-pel MVD precisions. Therefore, three weights at most will be evaluated for 1-pel and 4-pel MVD precisions for low delay pictures.
(3) Conditionally skipping bi-prediction search when the L0 and L1 reference pictures are the same 
For some pictures in RA, the same picture may occur in both reference picture lists (list-0 and list-1). For example, for random access coding configuration in CTC, the reference picture structure for the first group of pictures (GOP) is listed as follows. 
POC: 16, TL:0, [L0: 0]       [L1: 0]
POC:  8, TL:1, [L0: 0 16]    [L1: 16 0]
POC:  4, TL:2, [L0: 0 8]     [L1: 8 16]
POC:  2, TL:3, [L0: 0 4]     [L1: 4  8]
POC:  1, TL:4, [L0: 0 2]     [L1: 2  4]
POC:  3, TL:4, [L0: 2 0]     [L1: 4  8]
POC:  6, TL:3, [L0: 4 0]     [L1: 8  16]
POC:  5, TL:4, [L0: 4 0]     [L1: 6  8]
POC:  7, TL:4, [L0: 6 4]     [L1: 8  16]
POC: 12, TL:2, [L0: 8 0]     [L1: 16  8]
POC: 10, TL:3, [L0: 8 0]     [L1: 12 16]
POC:  9, TL:4, [L0: 8 0]     [L1: 10 12]
POC: 11, TL:4, [L0: 10 8]    [L1: 12 16]
POC: 14, TL:3, [L0: 12 8]    [L1: 12 16]
POC: 13, TL:4, [L0: 12 8]    [L1: 14 16]
POC: 15, TL:4, [L0: 14 12]   [L1: 16 14]
We can see that pictures 16, 8, 4, 2, 1, 12, 14 and 15 have the same reference picture(s) in both lists. For bi-prediction for these pictures, it is possible that the L0 and L1 reference pictures are the same. We propose that the encoder skips bi-prediction ME for unequal GBi weights when 1) two reference pictures in bi-prediction are the same and 2) temporal layer is greater than 1 and 3) the MVD precision is 1/4-pel. For affine bi-prediction ME, this fast skipping method is only applied to 4-parameter affine ME.
(4) Skipping RD cost checking for unequal GBi weight based on temporal layer and the POC distance between reference picture and current picture
We propose to skip those RD cost evaluations for those unequal GBi weights when the temporal layer is equal to 4 (highest temporal layer in RA) or the POC distance between reference picture (either list-0 or list-1) and current picture is equal to 1 and coding QP is greater than 32.
(5) Changing floating-point calculation to fixed-point calculation for unequal GBi weight during ME
For existing bi-prediction search, the encoder will fix the MV of one list and refine MV in another list. The target is modified before ME to reduce the computation complexity. For example, if the MV of list-1 is fixed and encoder is to refine MV of list-0, the target for list-0 MV refinement is modified with Eq.(2). O is original signal and P1 is the prediction signal of list-1. w is GBi weight for list-1. 
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Where the term  is stored in floating point precision, which increases computation complexity. We propose to change Eq.(2) to fixed-point as Eq.(3). 
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where a1 and a2 are scaling factors and they are calculated as:
; ; ; 
3. Simulation results
To evaluate the performance and complexity impact, the proposed bug fix and encoder speed-up methods were implemented based on the BMS-2.1 reference software and tested using the VTM configuration. The test condition and evaluation criteria that are used in CTC [2] are applied. 
There are three tests: Test-1 is GBi tool on test in VTM-2.1; Test-2 is Test-1 plus GBi encoder bug fix. Test-3 is Test-2 plus GBi encoder speed-up methods. Table 1, Table 2 and Table 3 list three simulation results compared to VTM-2.1 anchor, respectively. With GBi encoder bug fix, the Y BD rate improves 0.09% with 2% encoding time increase for RA and no impact to LD. With GBi encoder speed-up methods, the encoding time can be reduced by 6% with 0.04% BD rate loss. Overall, compared to VTM-2.1 anchor, the GBi with bug fix and encoder speed-up methods can provide -0.73% and -0.32% for RA with 111% encoding time and LD with 106% encoding time. The decoding time increase is negligible.

[bookmark: _Ref525336372]Table 1. Test-1: GBi tool on in VTM-2.1
	
	Random Access Main 10

	
	Over VTM-2.1

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	-0.50%
	-0.86%
	-0.84%
	115%
	103%

	Class A2
	-0.69%
	-1.10%
	-1.01%
	117%
	101%

	Class B
	-0.94%
	-0.94%
	-0.92%
	115%
	102%

	Class C
	-0.47%
	-0.55%
	-0.52%
	115%
	102%

	Class E
	 
	
	 
	 
	 

	Overall
	-0.68%
	-0.85%
	-0.81%
	115%
	102%

	Class D
	-0.48%
	-0.35%
	-0.50%
	116%
	101%

	Class F (optional)
	#VALUE!
	#VALUE!
	#VALUE!
	#DIV/0!
	#DIV/0!



	
	Low delay B Main10 

	
	Over VTM-2.1

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	 
	 
	 
	 
	 

	Class A2
	 
	
	 
	 
	 

	Class B
	-0.47%
	-0.52%
	-0.75%
	113%
	105%

	Class C
	-0.30%
	-0.13%
	0.04%
	112%
	101%

	Class E
	-0.18%
	-0.37%
	-0.28%
	112%
	105%

	Overall
	-0.34%
	-0.35%
	-0.37%
	112%
	104%

	Class D
	-0.09%
	0.26%
	-0.58%
	114%
	102%

	Class F (optional)
	#VALUE!
	#VALUE!
	#VALUE!
	#DIV/0!
	#DIV/0!



[bookmark: _Ref525739011]Table 2. Test-2: GBi tool on in VTM-2.1 + GBi encoder bug fix
	
	Random Access Main 10

	
	Over VTM-2.1

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	-0.59%
	-0.95%
	-0.95%
	116%
	103%

	Class A2
	-0.88%
	-1.23%
	-1.16%
	118%
	102%

	Class B
	-1.01%
	-1.06%
	-1.08%
	117%
	103%

	Class C
	-0.51%
	-0.50%
	-0.57%
	116%
	102%

	Class E
	 
	
	 
	 
	 

	Overall
	-0.77%
	-0.92%
	-0.93%
	117%
	103%

	Class D
	-0.51%
	-0.48%
	-0.53%
	117%
	101%

	Class F (optional)
	#VALUE!
	#VALUE!
	#VALUE!
	#DIV/0!
	#DIV/0!



	
	Low delay B Main10 

	
	Over VTM-2.1

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	 
	 
	 
	 
	 

	Class A2
	 
	
	 
	 
	 

	Class B
	-0.49%
	-0.29%
	-0.46%
	113%
	104%

	Class C
	-0.29%
	-0.24%
	0.09%
	112%
	102%

	Class E
	-0.15%
	-0.34%
	0.33%
	112%
	104%

	Overall
	-0.34%
	-0.28%
	-0.08%
	112%
	103%

	Class D
	-0.14%
	0.10%
	-0.21%
	114%
	103%

	Class F (optional)
	#VALUE!
	#VALUE!
	#VALUE!
	#DIV/0!
	#DIV/0!



[bookmark: _Ref525739015]Table 3. Test-3: GBi tool on in VTM-2.1 + GBi encoder bug fix + encoder speed-up
	
	Random Access Main 10

	
	Over VTM-2.1

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	-0.58%
	-0.91%
	-0.93%
	110%
	102%

	Class A2
	-0.83%
	-1.26%
	-1.17%
	112%
	101%

	Class B
	-0.95%
	-1.07%
	-1.02%
	110%
	101%

	Class C
	-0.50%
	-0.53%
	-0.50%
	111%
	101%

	Class E
	 
	
	 
	 
	 

	Overall
	-0.73%
	-0.93%
	-0.89%
	111%
	101%

	Class D
	-0.51%
	-0.49%
	-0.61%
	112%
	100%

	Class F (optional)
	#VALUE!
	#VALUE!
	#VALUE!
	#DIV/0!
	#DIV/0!



	
	Low delay B Main10 

	
	Over VTM-2.1

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	 
	 
	 
	 
	 

	Class A2
	 
	
	 
	 
	 

	Class B
	-0.42%
	-0.35%
	-0.79%
	106%
	102%

	Class C
	-0.29%
	-0.14%
	0.01%
	107%
	100%

	Class E
	-0.18%
	-0.51%
	-0.39%
	106%
	103%

	Overall
	-0.32%
	-0.32%
	-0.42%
	106%
	102%

	Class D
	-0.12%
	-0.05%
	-0.30%
	108%
	101%

	Class F (optional)
	#VALUE!
	#VALUE!
	#VALUE!
	#DIV/0!
	#DIV/0!



4. Conclusions
GBi can improve coding efficiency without decoding complexity increase. It is recommended to adopt GBi in VTM.
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