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Abstract

A parallel deblocking filter for HEVC is proposed. The proposed technique includes the parallelization of the filtering process and decisions. Our proposed algorithm is based on Panasonic’s parallel deblocking filter decisions, which were first presented in JCTVC-D214 [1]. For the deblocking of a current coding unit, all required decisions and filtering are performed on the basis of the unfiltered pixels of the current coding unit. This method can eliminate the dependencies present in the current coding unit and between neighboring coding units. Therefore, the proposed deblocking filter can be implemented in parallel processing structures, making it applicable to variable structures. Experiments following the common conditions show that the BD-bit rate reduction -0.1 % in the case of All Intra high efficiency and 0.1 % in the case of Random Access HE and Low delay HE. The BD-bit rate stays approximately unchanged for the luminance signal and chrominance signal. This technique can be adopted in the next version of the HM.
1 Introduction 

The parallel deblocking filter decisions were first presented in the proposal, JCTVC-D214, at the meeting in Daegu. The deblocking filter decisions of Panasonic are not perfectly parallelized with the dependencies in the coding unit. Thus, we propose a parallel deblocking filter that uses unfiltered pixels in the filtering process.
The paper is organized as follows. In Section 2, a parallel deblocking filter algorithm is provided. Section 3 presents the experiments performed and results obtained. Section 4 concludes the paper.
2 Parallel deblocking filter
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Figure 1 :  Data dependencies in the coding unit

The pixels in the black box in Figure 1 have data dependencies. The parallel deblocking filter decisions of Panasonic use unfiltered pixels in the decision process to solve the dependencies represented in the black box. However, the algorithm cannot accurately solve the dependencies because filtering pixels are used in the filtering process. The method proposed in the current work uses unfiltered pixels in filtering, as well as in decisions. This method can separate the read data from the write data used in the filtering process, thereby eliminating the dependencies shown in Figure 1.
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Figure 2 : Data dependencies between neighboring coding units
Moreover, the separation of read and write data, that is, using unfiltered pixels in the filtering process, can eliminate the dependencies that exist between neighboring coding units (Figure 2). 
All the processes are executed through the following steps.
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Figure 3 : Reading and writing pixels in the proposed deblocking filtering process 
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Figure 4 : Notation of a part of a vertical edge for deblocking
(1) On/off decision
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(2) Type decision
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(3) Vertical edge filtering
(4) Horizontal edge filtering
If (1) is true, (2) is applied on the eight lines. If (2) holds, a strong filter is executed in (3) and (4). Otherwise, a weak filter is executed in (3) and (4). The on/off decision is executed on the edge, and the type decision and filtering process are executed on the line.

Table 1 shows the schedule of all the filtering processes proposed in this paper. In the previous deblocking scheme, the horizontal filtering process can be executed after vertical filtering. However, the horizontal and vertical filtering in the current (proposed) deblocking filter can be executed simultaneously.
	CU1
	ON/OFF DEC.
	TYPE DEC.
	VERTICAL FILTERING

	
	
	HORIZONTAL FILTERING

	CU2
	ON/OFF DEC.
	TYPE DEC.
	VERTICAL FILTERING

	
	
	HORIZONTAL FILTERING


Table 1 : Schedule of the filtering process
3 Experiments and results

The proposed changes to the deblocking filter were implemented in HM4.0 [2]. 
To compare the proposed technique and Panasonic’s deblocking filter decision (reference), we set the options PARALLEL_MERGED_DEBLK, E-057_INTRA_PCM, and F118_LUMA_DEBLOCK to 0, and PARALLEL_DEBLK_DECISION to 1. The application of the proposed algorithm in HM 4.0 was also tested. 
3.1 BD-bit rate and run-time ratios

Following the test conditions of CE12 [3], which correspond with commonly defined conditions, [3], we evaluated the performance of all the six test cases: intra-high efficiency, intra-low complexity, random access-high efficiency, random access-low complexity, low delay-high efficiency, and low delay-low complexity modes. For all run-time measurements, computers of the same configuration were used for both the reference and proposed techniques.

The results for the BD-bit rate, as well as the encoder-/decoder run time ratios, compared with those for the reference are shown in Figure 5. Negative BD-rate numbers show a gain for the proposed technique. Run-time ratios less than 100% reflect that the run time of the proposed technique is faster than that of the reference. 

Further details can be found in the document.
The following results were obtained:

· Approximately no change was observed with respect to BD-bit rate reduction.
· Applying approximately the same run time beginning at the implementation stage does not exploit the benefit of increased parallel processing capabilities.
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Figure 5: BD-bit rates and run-time ratios of the proposed and reference techniques [2].

Additional run-time measurements were performed for the decoder. For each of the six coding configurations, the entire test set was decoded. The decoding time for the entire test set was measured. Using the measured decoding times, we calculated a decoding time T. The table below shows the decoding times of the proposed and reference techniques.

	Coding configuration
	Reference
	Proposal
	Increase in decoder run time [%]

	
	T[s]
	T[s] 
	

	Intra, high efficiency
	6396.70
	6524.32
	1.99

	Intra, low complexity
	5024.27
	5133.49
	2.17

	Random access, high efficiency
	3547.24
	3540.89
	-0.17

	Random access, low complexity
	2755.90
	2743.56
	-0.44

	Low delay, high efficiency
	2563.47
	2564.03
	0.02

	Low delay, low complexity
	2062.69
	2035.11
	-1.33


4 Conclusion

For the deblocking of a current coding unit, all required decisions and filtering are performed on the basis of the unfiltered signal of the current coding unit. This eliminates the dependencies present in the current HM4.0 deblocking filter. The dissolved dependencies increase the parallel processing capabilities of the deblocking filter. Experiments following commonly defined conditions show that the BD-bit rate remains unchanged for the luminance signal and approximately unchanged for the two chrominance signals. Therefore, adopting the proposed technique in the next version of the HM is a favorable approach.
5 References
[1] M. Narroschke, H. Sasai, T. Wedi, Reduction of operations in the critical path of the deblocking filter, JCTVC-D214, Daegu, Korea, January, 2011
[2] HM 4.0 software: http://hevc.kw.bbc.co.uk/trac/browser/tags/HM-4.0.
[3] F. Bossen, Common test conditions and software reference configurations, JCTVC-F900, Torino, Italy, July, 2011
6 Patent rights declaration(s)
Yonsei University may have IPR relating to the technology described in this contribution and, conditioned on reciprocity, is prepared to grant licenses under reasonable and non-discriminatory terms as necessary for the implementation of the resulting ITU-T Recommendation | ISO/IEC International Standard (per box 2 of the ITU-T/ITU-R/ISO/IEC patent statement and licensing declaration form).

Page: 5
Date Saved: 2011-11-09

_1381588684.vsd
(1)


(2)



_1381588711.vsd
(3)


(4)



_1381588883.vsd
Reading pixel


Writing pixel



_1356440532.doc
[image: image1.png]o1
o1
o1
p

ol
o1
o1
o1

2 R 8 8 8 e

F F F F F F F F
-~ [o2) w I [o8) [\ = (@)












































































































































































































































































_1381588524.vsd

_1356438658.unknown

_1356438982.unknown

