	[image: ][image: ]Joint Video Experts Team (JVET)
of ITU-T SG 16 WP 3 and ISO/IEC JTC 1/SC 29/WG 11
13th Meeting: Marrakech, MA, 9–18 Jan. 2019
	Document: JVET-M0472



	Title:
	[bookmark: _GoBack]CE2: Affine sub-block size restrictions (Test 2.4.4)

	Status:
	Input document to JVET

	Purpose:
	Proposal

	Author(s) or
Contact(s):
	Huanbang Chen
Timofey Solovyev
Haitao Yang
Jianle Chen


	Tel:
Email:
	+79250089652
chenhuanbang@huawei.com
solovyev.timofey@huawei.com
haitao.yang@huawei.com
jianle.chen@huawei.com


	Source:
	Huawei Technologies. Co., Ltd


_____________________________
Abstract
This contribution presents the simulation results of affine sub-block size restrictions. These restrictions reduce the worst case of memory bandwidth in motion compensation. For uni-prediction 4x4 sub-block size is used. For bi-prediction four options are tested:
1) 8x4 (test 2.4.4.a)
2) 4x8 (test 2.4.4.b)
3) 8x4/4x8 adaptively switched depending on aspect ratio of coded block (test 2.4.4.c)
4) 8x8 (test 2.4.4.d).
The first option shows on average 0.10%, 0.11% luma BD-rate loss with 1%, 2% decoding time decrease for RA, LDB configurations respectively.
The second option shows on average 0.12%, 0.13% luma BD-rate loss with 1%, 1% decoding time decrease for RA, LDB configurations respectively.
The third option shows on average 0.11%, 0.10% luma BD-rate loss with 1%, 1% decoding time decrease for RA, LDB configurations respectively.
The fourth option shows on average 0.22%, 0.20% luma BD-rate loss with 2%, 3% decoding time decrease for RA, LDB configurations respectively.
The worst case of memory bandwidth is reduced from 15.125 to 10.3125 for the first, second and third options and from 15.125 to 7.5625 for the fourth one in comparison with VTM 3.0.
Introduction
[bookmark: _Ref526070922]In VTM 3.0, the worst case of memory bandwidth of motion compensation is 4x4 bi-prediction, which is used only in affine mode. The average number of reference pixels for motion compensation of a block MxN can be calculated as formula (1), where T means the number of interpolation filter taps and D means the number of directions – 2 for bi-prediction and 1 for uni-prediction.
[bookmark: Eqn_MxN]                              (1)
According to formula (1), average numbers of reference pixels for different block sizes are calculated and shown in Table 1.


[bookmark: _Ref525642193]Table 1. Memory bandwidth for different block sizes and for different prediction types
	Block size
	Average number of reference pixels

	4x4 UNI
	7.5625

	4x4 BI
	15.1250

	8x4 UNI
	5.1563

	8x4 BI
	10.3125

	8x8 UNI
	3.5156

	8x8 BI
	7.0313


Proposed method
For the purpose of reducing the worst case memory access, it is proposed for affine mode to increase the sub-block size in case of bi-prediction. For uni-prediction sub-block size is not changed and is equal to 4x4. The four options are considered for bi-prediction:
a) affine sub-block size is equal to 8x4
b) affine sub-block size is equal to 4x8
c) affine sub-block size is adaptively switched between 8x4 and 4x8 depending on aspect ratio of coded block: if coded block width is greater than or equal to coded block height, sub-block size is set equal to 8x4 otherwise, to 4x8
d) affine sub-block size is equal to 8x8.
For the first three options (a, b, c) the worst case of memory bandwidth is reduced from 15.125 to 10.3125 in comparison with VTM 3.0. For the last option (d) reduction is more: from 15.125 to 7.5625.
Test specification
The tests for this contribution are descripted in Table 2.

[bookmark: _Ref518317081]Table 2. Test specification
	Test #
	Test description

	a
	Affine sub-block size 8x4 for BI, 4x4 for UNI

	b
	Affine sub-block size 4x8 for BI, 4x4 for UNI

	c
	[bookmark: OLE_LINK4][bookmark: OLE_LINK5]Affine sub-block size adaptive 8x4/4x8 for BI, 4x4 for UNI

	d
	Affine sub-block size 8x8 for BI, 4x4 for UNI



Simulation results
The proposed method is evaluated for random-access (RA) and low delay B (LDB) configurations using VTM-3.0 software, according to the common test conditions in JVET-L1010 [1] and the description of Core Experiment 4 [2]. The results are summarized in Table 3. The detailed experimental results are provided in Table 4 – Table 11. Coding performance of test 2.4.4.d over VTM-3.0 for LDB configuration.


[bookmark: _Ref518386615]Table 3. Summary of overall performance in RA/LB configuration (over VTM-3.0)
	
	Random Access Main 10
	Low delay B Main10 

	Test#
	Y
	U
	V
	EncT
	DecT
	Y
	U
	V
	EncT
	DecT

	2.4.4.a
	0.10%
	0.09%
	0.08%
	99%
	99%
	0.11%
	0.00%
	0.20%
	98%
	98%

	2.4.4.b
	0.12%
	0.07%
	0.09%
	99%
	99%
	0.13%
	0.16%
	0.16%
	99%
	99%

	2.4.4.c
	0.11%
	0.10%
	0.09%
	99%
	99%
	0.10%
	0.12%
	0.11%
	99%
	99%

	2.4.4.d
	0.22%
	0.18%
	0.16%
	98%
	98%
	0.20%
	0.24%
	0.31%
	97%
	99%


[bookmark: _Ref518385564]

Table 4. Coding performance of test 2.4.4.a over VTM-3.0 for RA configuration
	
	Random Access Main 10

	
	Over VTM-3.0

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	0.01%
	0.02%
	-0.02%
	99%
	98%

	Class A2
	0.19%
	0.14%
	0.10%
	98%
	98%

	Class B
	0.11%
	0.15%
	0.14%
	99%
	100%

	Class C
	0.10%
	0.05%
	0.07%
	99%
	100%

	Class E
	 
	
	 
	 
	 

	Overall
	0.10%
	0.09%
	0.08%
	99%
	99%

	Class D
	0.22%
	0.20%
	0.19%
	99%
	100%

	Class F (optional)
	0.28%
	0.28%
	0.29%
	99%
	100%


Table 5. Coding performance of test 2.4.4.a over VTM-3.0 for LDB configuration
	
	Low delay B Main10 

	
	Over VTM-3.0

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	 
	 
	 
	 
	 

	Class A2
	 
	
	 
	 
	 

	Class B
	0.17%
	-0.05%
	0.15%
	98%
	98%

	Class C
	0.10%
	0.30%
	0.21%
	99%
	98%

	Class E
	0.03%
	-0.30%
	0.27%
	98%
	99%

	Overall
	0.11%
	0.00%
	0.20%
	98%
	98%

	Class D
	0.29%
	-0.03%
	0.26%
	99%
	99%

	Class F (optional)
	0.14%
	-0.09%
	-0.38%
	99%
	99%





Table 6. Coding performance of test 2.4.4.b over VTM-3.0 for RA configuration
	
	Random Access Main 10

	
	Over VTM-3.0

	
	Y
	U
	V
	EncT
	DecT

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

	Class A2
	0.22%
	0.08%
	0.13%
	99%
	99%

	Class B
	0.12%
	0.10%
	0.07%
	99%
	99%

	Class C
	0.10%
	0.06%
	0.18%
	99%
	99%

	Class E
	 
	
	 
	 
	 

	Overall
	0.12%
	0.07%
	0.09%
	99%
	99%

	Class D
	0.20%
	0.14%
	0.24%
	99%
	99%

	Class F (optional)
	0.19%
	0.17%
	0.14%
	99%
	99%



Table 7. Coding performance of test 2.4.4.b over VTM-3.0 for LDB configuration
	
	Low delay B Main10 

	
	Over VTM-3.0

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	 
	 
	 
	 
	 

	Class A2
	 
	
	 
	 
	 

	Class B
	0.19%
	0.00%
	0.27%
	99%
	99%

	Class C
	0.11%
	0.17%
	0.15%
	99%
	99%

	Class E
	0.04%
	0.41%
	-0.02%
	98%
	99%

	Overall
	0.13%
	0.16%
	0.16%
	99%
	99%

	Class D
	0.22%
	0.14%
	0.11%
	99%
	99%

	Class F (optional)
	0.23%
	0.39%
	0.24%
	99%
	99%



Table 8. Coding performance of test 2.4.4.c over VTM-3.0 for RA configuration
	
	Random Access Main 10

	
	Over VTM-3.0

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	0.04%
	-0.04%
	-0.05%
	99%
	100%

	Class A2
	0.17%
	0.12%
	0.14%
	99%
	99%

	Class B
	0.13%
	0.18%
	0.05%
	99%
	100%

	Class C
	0.09%
	0.09%
	0.20%
	99%
	99%

	Class E
	 
	
	 
	 
	 

	Overall
	0.11%
	0.10%
	0.09%
	99%
	99%

	Class D
	0.20%
	0.08%
	0.20%
	99%
	99%

	Class F (optional)
	0.20%
	0.14%
	0.19%
	100%
	99%


[bookmark: _Ref533980921]
Table 9. Coding performance of test 2.4.4.c over VTM-3.0 for LDB configuration
	
	Low delay B Main10 

	
	Over VTM-3.0

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	 
	 
	 
	 
	 

	Class A2
	 
	
	 
	 
	 

	Class B
	0.15%
	-0.01%
	0.25%
	99%
	99%

	Class C
	0.09%
	0.56%
	0.17%
	99%
	99%

	Class E
	0.02%
	-0.27%
	-0.19%
	99%
	99%

	Overall
	0.10%
	0.12%
	0.11%
	99%
	99%

	Class D
	0.22%
	-0.12%
	0.08%
	100%
	99%

	Class F (optional)
	0.16%
	0.19%
	-0.01%
	99%
	99%



Table 10. Coding performance of test 2.4.4.d over VTM-3.0 for RA configuration
	
	Random Access Main 10

	
	Over VTM-3.0

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	0.04%
	0.11%
	0.12%
	98%
	99%

	Class A2
	0.43%
	0.21%
	0.26%
	98%
	98%

	Class B
	0.24%
	0.25%
	0.14%
	98%
	99%

	Class C
	0.16%
	0.12%
	0.13%
	98%
	97%

	Class E
	 
	
	 
	 
	 

	Overall
	0.22%
	0.18%
	0.16%
	98%
	98%

	Class D
	0.28%
	0.24%
	0.32%
	98%
	98%

	Class F (optional)
	0.39%
	0.36%
	0.41%
	98%
	98%


[bookmark: _Ref533986939]Table 11. Coding performance of test 2.4.4.d over VTM-3.0 for LDB configuration
	
	Low delay B Main10 

	
	Over VTM-3.0

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	 
	 
	 
	 
	 

	Class A2
	 
	
	 
	 
	 

	Class B
	0.25%
	0.07%
	0.53%
	97%
	98%

	Class C
	0.14%
	0.25%
	0.17%
	98%
	99%

	Class E
	0.21%
	0.50%
	0.12%
	96%
	99%

	Overall
	0.20%
	0.24%
	0.31%
	97%
	99%

	Class D
	0.49%
	0.32%
	0.05%
	98%
	98%

	Class F (optional)
	0.29%
	0.20%
	0.36%
	98%
	99%


Conclusions
The proposed method reduce the worst case memory bandwidth in motion compensation by increasing affine sub-block size for bi-prediction case. In case of uni-prediction sub-block size is not changed and is equal to 4x4. For bi-prediction case four options were tested for affine sub-block size:
· 8x4 (test 2.4.4.a)
· 4x8 (test 2.4.4.b)
· 8x4/4x8 adaptively switched depending on aspect ratio of coded block (test 2.4.4.c)
· 8x8 (test 2.4.4.d).
Simulation results for tests 2.4.4.a-d reportedly show on average 0.10%, 0.12%, 0.11%, 0.22% luma BD-rate loss for RA configuration and 0.11%, 0.13%, 0.10%, 0.20% luma BD-rate loss for LDB configuration. The worst case of memory bandwidth is reduced from 15.125 to 10.3125 for the tests 2.4.4a-c and from 15.125 to 7.5625 for the test 2.4.4.d in comparison with VTM 3.0.
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