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Abstract
In this contribution an Enhanced Block-based Adaptive Loop Filter (EBALF) algorithm has been implemented and integrated into TMuC0.7.0 platform as a complete functional block for in-loop filtering processing. Without altering the current default adaptive loop filter technology, which is contributed by Qualcomm as QC_ALF in the TMuC software, this EBALF functional block can be placed before or after QC_ALF, resulting in an in-loop filtering composed of two stages. The simulation results confirmed that with QC_ALF “on” performance as the reference point, the joint filtering can potentially further improve the coding efficiency by up to 1.5% BD rate reduction in some cases. For Class A tests, the average BD rate reduction are 0.7% and 0.6% in both test cases. This could imply that performance of QC_ALF can be improved further, particularly for high resolution sequences. The simulation results cover encoder_randomaccess and encoder_lowdelay configure settings with full length and all classes of the sequences as defined in Tool Experiment 10 subtest 2 category. The Excel spreadsheet results are provided with JCTVC all agreed template. This contribution is not intended to propose an alternative technology to replace QC_ALF in TMuC but is aiming to assist the current general effort on evaluating the existing TMuC video coding tools, such as that in Tool Experiment 12 (TE12) and 10 (TE10). The results reported independently in this document regarding the adaptive loop filtering technology can be treated as additional information to all other related test results in TE12 and TE10. 

Introduction 

In this contribution, an Enhanced Block-based Adaptive Loop Filter (EBALF) algorithm has been integrated into the TMuC0.7.0 (Test Model under Consideration) software platform and has been tested. The background of TMuC can be traced back to the references in [1, 2]. In 2nd JCTVC meeting in Geneva, a Tool Experiment (TE) on adaptive loop filtering technical has been organized as TE10 [3]. The work reported in this contribution is closely related to the TE10 subtest 2 category tests. However, since the work in this specific contribution is not proposed as a formal proponent in TE10, the results reported here did not go through a formal cross checking process. The intention of this contribution is to provide additional tool performance information to the committee, specifically on adaptive loop filtering.

When the TMuC0.7.0 codes were initially made available in the middle of August 2010, the bench mark technology acted as an adaptive loop filter in that platform is contributed by Qualcomm. That specific algorithm is known as QC_ALF. The detailed description of the QC_ALF algorithm can be found in reference [4]. The references [5-8] provided the general background of Block-based Adaptive Loop Filtering (BALF) technology. In reference [9], the BALF concept has been further extended to improve the coding efficiency. In general, the tested EBALF algorithm in this contribution has the following characteristics: (1) adaptively apply up to two Wiener filters per video luma component per picture at the in-loop filtering stage; (2) block-based adaptive scheme can be adaptively into any block size from the set of { 8x8, 16x16, 24x24, 32x32, 48x48, 64x64, 96x96, 128x128 }; (3) luma maximum and minimum values are extracted from the original video picture data and used for ALF stage clipping; the two bytes values then embeded into the bitstream for the decoder operation; the clipping operation is only applied after Wiener filtered picture are obtained; (4) the strong Wiener filtering towards key reference frames and weak (or even switched off completely) Wiener filtering for the non-reference frames; (5) the chroma Wiener filtering is similar to that in KTA software.

The existing TMuC0.7 software (up to TMuC0.7.4) carried some memory leak problems. The implemented software in this contribution are based on TMuC0.7.0 code platform but with the bug fix in ticket #65 (fixed in r177) on memory leaks. This bug fix modification will provide a deocder with no memory leaks. The encoder memory leaks, mainly associated with SIFO, were already registered and known in JCTVC reflector and they are left unchanged. For a typical 9 frames test of encoding, it has been observed about 139 encoder side memory leaks. The EBALF implementation in this document did not add any more memory leaks and also ensured no mismatch between the encoder and the decoder.

The tests in this contribution cover two configure file settings: encoder_randomaccess and encoder_lowdelay. The developed codes allow this specific version of EBALF algorithm to work jointly with QC_ALF (i.e., two adaptive loop filters working in a sequential order). More precisely, the QC_ALF will be untouched as it is, the EBALF will only be added as one operational function block and placed before or after QC_ALF at the in-loop filtering stage. At the in-loop filtering stage, there are a few other processes, such as de-blocking filter. All these operational function blocks are working in a sequential order. Two specific test conditions are designed: (1) EBALF and QC_ALF in that order; (2) QC_ALF and EBALF in that order. At the in-loop filtering stage, the input video data is the decoded and deblocked video data; after in-loop filtering one picture, the data can be passed on for further in-loop filtering. If the characteristics of QC_ALF is different from that of a general Wiener filtering design, then it can be expected to have a chance of two filters compensating each other and lead to an even better coding performance than that achieved by only applying a single in-loop filter from the these two known adaptive loop filter candidates.

1 EBALF descriptions

The EBALF in this contribution can be described as follows:

A locally decoded video frame processed by an extended de-blocking filter is further input to an adaptive Wiener filtering process for restoring distortion introduced by the lossy encoding process with some expense on additional small bit budget. The proposed adaptive Wiener filtering tool [9] is based on BALF (Block-based Adaptive Loop Filtering) [5-8] and it is enhanced to utilize multiple Wiener filters. The operation of BALF at the encoder side depends on the information of such an input picture and the original picture of the same frame. The Wiener filtering technique is applied to extract the “optimal” Wiener filter coefficients. The extracted Wiener filter coefficients and their associated adaptive switching on and off flags need to be sent to the decoder. Based on the decoded information from the video bitstreams, the decoder can operate correctly for an encoder matching in-loop filtering. 
The operational function blocks of the enhanced BALF in a decoding process can be further described in Figure 1. In addition to the original BALF algorithm [5-8], the enhanced BALF evaluates feasibility of using additional Wiener filtering operation for image area where the first Wiener filtering is not effective. At the end of the enhanced BALF process, if BALF filtering has been triggered, the decoded picture buffer will be then updated with the newly filtered version of the picture and such a picture is also output as the final decoded video picture.
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Figure 1:  Block diagram of enhanced BALF decoding
The operational function blocks of the enhanced BALF in an encoding process are depicted in Figure 2. As indicated in this figure, the basic encoding process can be described as follows: (1) Initial Wiener filter coefficients generation (both set of the final settling Wiener filters coefficients will be updated from such initial values); (2) With the initially available Wiener filter coefficients, identify the effective alf block-size and switch “on”/“off” alf flag conditions; (3) Iteration loops to find the best (in RDO terms) filter coefficients for the first Wiener filter and then the second Wiener filter as well as the alf flag decision (alf block size decision also made jointly inside the iteration loops); (4) BALF bitstreams generation on packaging all the BALF flags and the Wiener filters coefficients; (5) Updating the decoded picture buffer with the correct BALF filtered version of pictures for possible future references.

Note that during the encoder optimization process for capturing effective Wiener filters coefficients and associated alf flags, the Wiener filters coefficients are only updated in a statistical “optimal” way: If at one iteration loop stage, the alf flag at the time is “on” for an alf block, the associated video data at the location will be used for the first Wiener filter coefficients updating; also if the alf flag is “off”, the video data at the location will be used for updating the second Wiener filter coefficients. When the first Wiener filter coefficients are updated, they can be used for further updating the alf block flag (since the newly obtained coefficients will filter the same alf block differently, therefore, it can achieve a better coding efficiency gain or end up otherwise – preferring a different Wiener filter – the second Wiener filter). Because the updating of the coefficients and the alf flag has to be at the separate steps, the iteration loop is needed in order to reach the most effective BALF parameter settings. In a real encoding operation, such iteration loops will be limited to no more than 3 times.

During a decoding process for a single Wiener filter design, for each alf (adaptive loop filter) processing block, it can be filtered by the provided Wiener filter or transparently passed through without any filtering. In this enhanced BALF, the algorithm has been modified with an assistance of “Use_ad_luma_filter_flag”. If this flag is “off”, the enhanced BALF decoding process is the same as that of a single Wiener filter operation; when the flag “Use_ad_luma_filter_flag” is switched “on”, all those alf blocks which are not subject to the first Wiener filter filtering will now go through a Wiener filtering with the second set of the transmitted Wiener filter coefficients.
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Figure 2:  Block diagram of enhanced BALF encoding

The maximum operation for BALF at a decoder can be described as in an extreme case that the Wiener filtering process will filter every single alf blocks with the maximum filter tap numbers as 9x9. For the enhanced BALF, the maximum operations will not exceed that of maximum required operation for a single Wiener filter design. For each alf block, with enhanced BALF, the video data will be subject to (1) filtered by the first Wiener filter, or (2) filtered by the second Wiener filter, or (3) not filtered. Since these three decisions are independent and at a time we can only have one of them; therefore, there should be no further processing delay from enhanced BALF than a single Wiener filter BALF. Note that before the BALF filtering process, all the filtering decisions for all the alf blocks are known. Therefore, the loading or set-up of the Wiener filter for each alf block will only need to be done once for the enhanced BALF as well as the single Wiener filter BALF.
In this version of EBALF, the luma BALF filtering is independent from chroma, and the luma will have separate Wiener filter coefficients from that of chroma. The two chroma components will share the same Wiener filter in the current design. This is the case for this enhanced BALF as well as the KTA BALF.
In this contribution, we provided two sets of simulation results: (1) EBALF placed before QC_ALF (both of them adaptively functioning); (2) EBALF placed after QC_ALF (both of them adaptively functioning).

2 Results

In Table 1, it provided the overall results when 2 layered Adaptive Loop Filtering was in place with EBALF acted first then followed by the action of QC_ALF. In Table 2, it provided the overall results when 2 layered Adaptive Loop Filter was in place with QC_ALF acted first then followed by the action from EBALF. Note that with these two layered functional blocks, either QC_ALF or EBALF will only act on their own for their adaptive switching. 

With the overall results provided in this document, the Excel spreadsheet are also provided separately in which more sequence related performance can be examined. In general, due to the overhead of EBALF, the current joint ALF tends to work better with high resolution sequences. 





Table 1: The overall performance when EBALF first then QC_ALF.
	 
	 
	Random access
	 

	
	Y BD-rate
	U BD-rate
	V BD-rate

	Class A
	-0.6 
	0.5 
	0.3 

	Class B
	0.0 
	1.2 
	0.8 

	Class C
	0.0 
	0.0 
	0.0 

	Class D
	0.1 
	0.1 
	0.1 

	Class E
	 
	 
	 

	All
	-0.1 
	0.5 
	0.3 

	Enc Time[%]
	94%

	Dec Time[%]
	116%

	
	
	
	

	 
	Low delay

	 
	Y BD-rate
	U BD-rate
	V BD-rate

	Class A
	 
	 
	 

	Class B
	0.1 
	2.4 
	2.1 

	Class C
	0.1 
	0.1 
	0.1 

	Class D
	0.2 
	0.2 
	0.2 

	Class E
	0.3 
	0.3 
	0.3 

	All
	0.1 
	0.9 
	0.8 

	Enc Time[%]
	108%

	Dec Time[%]
	120%






Table 2: The overall performance when QC_ALF first then EBALF.
	 
	 
	Random access
	 

	
	Y BD-rate
	U BD-rate
	V BD-rate

	Class A
	-0.7 
	0.4 
	0.4 

	Class B
	0.0 
	1.3 
	0.9 

	Class C
	0.0 
	0.0 
	0.0 

	Class D
	0.1 
	0.1 
	0.1 

	Class E
	 
	 
	 

	All
	0.0 
	0.5 
	0.4 

	Enc Time[%]
	102%

	Dec Time[%]
	116%

	
	
	
	

	 
	Low delay

	 
	Y BD-rate
	U BD-rate
	V BD-rate

	Class A
	 
	 
	 

	Class B
	0.1 
	2.6 
	2.5 

	Class C
	0.1 
	0.1 
	0.1 

	Class D
	0.2 
	0.2 
	0.2 

	Class E
	0.3 
	0.3 
	0.3 

	All
	0.2 
	1.0 
	0.9 

	Enc Time[%]
	115%

	Dec Time[%]
	131%


3 Conclusion

The simulation results in this contribution suggested that Wiener filter based in-loop filtering algorithms can potentially work jointly with QC_ALF algorithm in some forms for further video coding efficiency improvement under TMuC0.7.0 platform. Due to the different characteristics of the different filtering technology, with a combined in-loop filtering, up to 1.5% BD rate further reduction has been observed. For high resolution sequence, such as Class A, the average BD rate reductions are as 0.7% and 0.6% for the two test cases. The current codes tend to work better for high resolution sequences. The observation also revealed that when the EBALF is applied to the decoded and de-blocked picture, there are consistently gains in PSNR measurement but the critical issue is the overhead on signaling the EBALF bits. In this work, due to the time restriction, the EBALF algorithm is not optimised for processing speed and also the current version of EBALF algorithm is not tuned for a general purpose adaptive loop filter for all the sequence Classes and the test conditions. 

One of the main aim for the 3rd JCTVC meeting is to progress toward official Test Model. There are large tool experiments tests organized since the 2nd JCTVC meeting. Although this contribution is not part of the formal TE10 tests, it is believed that the test results presented in this document will provide additional information for helping the goal of reaching Test Model on this initial set of video coding tools. While the potential of some combinations of the technologies have been highlighted in this contribution, if there is any alternative technology for QC_ALF in the future, it is also believed that such a technology should achieve further balance with better performance and probably lower complexity.

The test results reported in this document were obtained from a cluster with different types of computers. The simulation job scheduling was not set up in a way that neither perfectly randomises the allocation, nor runs jobs under controlled and identical conditions. Therefore, the collected statistics on the encoding and decoding times are not entirely comparable between anchors and the proposal. The simulation setup will be improved next time and a better simulation job allocation will be in place. 
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