	[image: image4.png]


[image: image5.png]


Joint Collaborative Team on Video Coding (JCT-VC)

of ITU-T SG16 WP3 and ISO/IEC JTC1/SC29/WG11

7th Meeting: Geneva, CH, 19-30 November, 2011
	Document: JCTVC-G087
M21635


	Title:
	CE12 subset 4.10: Test results on unification of luma and chroma filtering

	Status:
	Input Document to JCT-VC

	Purpose:
	Proposal

	Author(s) or
Contact(s):
	Minhua Zhou
Texas Instruments Inc., USA

Osman Sezer

Texas Instruments Inc., USA
Vivienne Sze
Texas Instruments Inc., USA


	Tel:
Email:
Tel:
Email:

Tel:
Email:


	+1-214-480-3816
zhou@ti.com
+1-214-479-0319
osman@ti.com
+1-214-567-4005
sze@ti.com


	Source:
	Texas Instruments Inc; 


_____________________________
Abstract
This contribution reports test results on CE12 subset 4.10 “unification of luma and chroma filtering”. In the proposed algorithm the unification of luma and chroma filtering is achieved by increasing filter coefficient precision for chroma filter by 2-bit and restoring HM3.0 delta calculation for luma weak  filter. Simulation results revealed that the proposed unification improved the coding efficiency in luma by 0.2% in AI-HE and AI-LC, and 0.1% in RA-HE, RA-LC, LB-HE and LB-LC, and up to 0.3% gain for chroma components. However, unified luma weak and chroma filtering led to visual quality loss in vidyo3 (LB-HE, QP=37) sequence. Based on test results, it is recommended to conduct the further study of filter unification in the next around of CE.
1 Introduction
This contribution reports CE12 subset on subset 7.4 “decreasing worst case complexity of deblocking filter”.
2 Algorithm description
We are proposing to increase filter coefficient precision for chroma filter by 2-bit and restore HM3.0 delta calculation for luma weak filter. It will make Chroma filter sub-set of Luma weak filter and this will improve the BD-Rate also.
Chroma filter HM-4.0 :                        delta  = Clip3(-tc,tc, ((((m4 - m3)<<2) + m2 - m5 + 4 )>>3) );

Chroma filter proposed :                      delta = Clip3(-tc,tc,((13*(m4-m3) - 4*(m5-m2) + 16)>>5) );

Luma Weak filter HM4.0:                     delta = (9*(m4-m3) -3*(m5-m2) + 8)>>4   

Luma Weak filter proposed (HM3.0) : delta = (13*(m4-m3) - 4*(m5-m2) + 16) >> 5;
This change has no impact on software as total number of operations remains same. In Hardware this will reduce the implementation complexity by sharing same logic for Luma-weak filter and Chroma filter.

3 Test Settings and Conditions

The simulations of this document have used HM4.0 software, the simulation platform is LSF equipped with Intel(R) Xeon(R) CPU X5570@2.93GHz 64 bits Linux machines, the common test conditions and reference configurations specified in [1] are followed. 
4 Experimental results
The experimental results are summarized in Table 1. The proposed unification improves the coding efficiency in luma by 0.2% in AI-HE and AI-LC, and 0.1% in RA-HE, RA-LC, LB-HE and LB-LC. The minor coding efficiency improvements (up to 0.3%) has also been observed in chroma components. 
	 
	All Intra HE
	All Intra LC

	 
	Y
	U
	V
	Y
	U
	V

	Class A
	-0.2%
	-0.4%
	-0.2%
	-0.2%
	-0.5%
	-0.3%

	Class B
	-0.2%
	-0.2%
	-0.1%
	-0.2%
	-0.4%
	-0.3%

	Class C
	-0.1%
	-0.1%
	-0.1%
	-0.1%
	-0.4%
	-0.4%

	Class D
	-0.1%
	-0.1%
	0.0%
	-0.1%
	-0.3%
	-0.3%

	Class E
	-0.2%
	0.2%
	0.1%
	-0.1%
	0.1%
	-0.1%

	Class F
	 
	 

	Overall
	-0.2%
	-0.1%
	-0.1%
	-0.2%
	-0.3%
	-0.3%

	 
	-0.2%
	-0.1%
	-0.1%
	-0.2%
	-0.3%
	-0.3%

	Enc Time[%]
	101%
	100%

	Dec Time[%]
	100%
	101%

	 
	 
	 

	 
	Random Access HE
	Random Access LC

	 
	Y
	U
	V
	Y
	U
	V

	Class A
	-0.1%
	-0.3%
	-0.4%
	-0.1%
	-0.4%
	-0.3%

	Class B
	-0.1%
	-0.1%
	-0.1%
	-0.1%
	-0.3%
	-0.2%

	Class C
	-0.1%
	-0.2%
	-0.2%
	-0.1%
	-0.3%
	-0.3%

	Class D
	-0.1%
	-0.1%
	0.1%
	-0.1%
	-0.3%
	-0.2%

	Class E
	 
	 
	 
	 
	 
	 

	Class F
	 
	 
	 
	 
	 
	 

	Overall
	-0.1%
	-0.2%
	-0.2%
	-0.1%
	-0.3%
	-0.3%

	 
	-0.1%
	-0.2%
	-0.1%
	-0.1%
	-0.3%
	-0.3%

	Enc Time[%]
	100%
	100%

	Dec Time[%]
	98%
	101%

	 
	 
	 

	 
	Low delay B HE
	Low delay B LC

	 
	Y
	U
	V
	Y
	U
	V

	Class A
	 
	 

	Class B
	-0.2%
	0.0%
	-0.1%
	-0.1%
	-0.1%
	-0.1%

	Class C
	-0.1%
	-0.1%
	0.1%
	-0.1%
	0.0%
	-0.5%

	Class D
	-0.1%
	0.0%
	0.2%
	-0.1%
	0.3%
	-0.3%

	Class E
	-0.1%
	0.0%
	0.2%
	-0.1%
	0.0%
	0.2%

	Class F
	 
	 
	 
	 
	 
	 

	Overall
	-0.1%
	0.0%
	0.1%
	-0.1%
	0.0%
	-0.2%

	 
	-0.1%
	0.0%
	0.0%
	-0.1%
	0.0%
	-0.1%

	Enc Time[%]
	101%
	100%

	Dec Time[%]
	101%
	102%


Table 1. Experimental results (unifying luma weak and chroma filter).
Subjective tests are carried out for the proposed unified luma weak and chorma filter, visual quality loss was observed in loss in vidyo3 (LB-HE, QP=37) sequence (see Fig. 1), while no visual difference was observed for other CE12 selected visual testing sequences.
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vidyo3 frame # 227, Proposal 2
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Detail, Proposal 2
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Detail, Anchor


Fig. 1 Subjective viewing results for vidyo3 sequence, frame number 227 / 600.
5 Conclusion and recommendation
Based on the experimental results we recommend to conduct further study on unification of luma weak and chroma filter.
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8 Required Changes in Working Draft

In 8.6.1.4.5 Filtering process for a luma sample

Replace 
( = ( 9 * ( q0 –  p0 ) – 3 * ( q1 – p1 ) + 8 ) >> 4

(8‑456)

With 

( = ( 13 * ( q0 –  p0 ) – 4 * ( q1 – p1 ) + 16 ) >> 5

(8‑456)
In 8.6.1.4.6 Filtering process for a chroma sample

Replace

( = Clip3( -tC, tC, ( ( ( ( q0 – p0 ) << 2 ) + p1 – q1 + 4 ) >> 3 ) )
(8‑461)

With 

( = Clip3( -tC, tC,  13 * ( q0 –  p0 ) – 4 * ( q1 – p1 ) + 16 ) >> 5)
(8‑461)
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