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Abstract

This contribution is a summary of tool experiment 10 (TE10) on In-Loop filtering. There are three Subtests in TE10, Deblocking/debanding filters (Subtest 1), Wiener-based in-loop filters (Subtest 2) and Image clipping and offset (Subtest 3) as described in JCTVC-B310. The number of proposals for each Subtest is four, four and two, respectively, and those are evaluated based on the common conditions in JCTVC-B300. Detailed results will be reported by proponents.

1 Introduction

In this tool experiment, in-loop filtering has been tested for the following functionalities:
· Deblocking/debanding filters (four proposals)

· Wiener-based in-loop filters (four proposals)

· Image clipping and offset (two proposals)

As for the details of each proposal, please refer the documents listed in section 2.

Seven companies and one university participated as proponents and three companies and one university participated as cross checkers.

2 Document list

· Summary document (this document)
· JCTVC-C083 [TE coordinators] Summary of Tool Experiment 10 on In-Loop filtering
· Proponent's and verification/study documents
Subtest 1: Deblocking/debanding filters
· JCTVC-C142 [MediaTek] TE10 subtest 1: Improved deblocking filter
· Cross-check: JCTVC-C156 [Ericsson]
· JCTVC-Cxxx [Microsoft] TE10: 

· Cross-check: JCTVC-C131 [SKKU/SKT]
· JCTVC-C091 [NEC] TE10: Conditional joint deblocking-debanding filter
· Cross-check: Microsoft has verified the results of JCTVC-C143.
· JCTVC-C130 [SK Telecom and Sungkyunkwan University] TE10 subtest 1: Results of intra deblocking filter testing by SKKU/SKT
· Cross-check: JCTVC-C161 [NEC]
Subtest 2: Wiener-based in-loop filters
· JCTVC-C143 [MediaTek] TE10 subtest 2: Coding unit synchronous picture quadtree-based adaptive loop filter (QALF)
· Cross-check: Qualcomm has verified the results of JCTVC-C143.
· JCTVC-C173 [Sharp] TE10 subtest 2: Parallel adaptive loop filter
· Cross-check: JCTVC-C145 [MediaTek]
· JCTVC-C082 [Toshiba] TE10 Subtest 2: Reduction of number of encoding passes for quadtree-based adaptive loop filter (QALF)
· Cross-check: JCTVC-C144 [MediaTek], JCTVC-C194 [MERL]
· General Study: JCTVC-C071 [Zhejiang Univ.] TE10 subset 2: Complexity analysis on Wiener-based in-loop filters
Note: Qualcomm’s proposal is the same as the anchor.

Subtest 3: Image clipping and offset
· JCTVC-C146 [MediaTek/Sharp] TE10 Subtest3: Controlled Clipping
· Cross-check: Toshiba’s cross-check results are included in JCTVC-C146.
· JCTVC-C147 [MediaTek] TE10 Subtest3: Quadtree-based Adaptive Offset
· Cross-check: JCTVC-C180 [Sharp]
3 Cross-verification assignment

Proponents conducted source code exchange for each other. Cross-checkers run the software independently and compared their results with proponent’s results.

Table 1  Cross checkers

	Subtest
	Proponent
	Cross-checkers

	1
	MediaTek
	Ericsson

	
	Microsoft
	SKKU/SKT

	
	NEC
	Microsoft

	
	SKKU/SKT
	NEC

	2
	MediaTek
	Qualcomm, Intel, Zhejiang Univ.(*)

	
	Qualcomm (Anchor)
	N/A

	
	Sharp
	MediaTek, Zhejiang Univ.(*)

	
	Toshiba
	MediaTek, MERCE, Zhejiang Univ.(*)

	3
	MediaTeK/Sharp
	Toshiba

	
	MediaTek
	Sharp


(*) Complexity analysis is reported.

4 Experimental results

Based on the common conditions [1], TE10 defined subsets of test conditions and sequences as mandatory tests [2] as follows:

Subtest 1: High Efficiency All Intra, High Efficiency Low Delay and High Efficiency Random Access for all sequences defined in JCTVC-B300 and additionally Tennis (1080p24)

Subtests 2 and 3: High Efficiency Low Delay and High Efficiency Random Access for all sequences defined in JCTVC-B300

The following evaluation criteria are used:
1. Coding efficiency (BD-PSNR and BD-Rate defined in JCTVC-B300)
2. Complexity measurement based on the factor of encoder/decoder execution time against the anchor
3. Estimated complexity (encoding passes, number of operations in one encoding pass) for Subtest 2

4. Subjective quality (TE10 plans to perform informal subjective viewing)
Note that an informal subjective viewing is planned during the 3rd JCT-VC meeting.

In the followings, 

IO means High Efficiency I Only case,

LD means High Efficiency Low Delay case, and

RA means High Efficiency Random Access case.
4.1 Subtest 1: Deblocking/debanding filters
4.1.1 Coding efficiency

Table 2  Summary of BD-Rate (Y) for Subtest 1 (positive value means loss)

	Proponent
	MediaTek
	Microsoft
	NEC
	SKKU/SKT

	Condition
	IO
	LD
	RA
	IO
	LD
	RA
	IO
	LD
	RA
	IO
	LD
	RA

	All Classes
	-1.6
	-1.3
	-1.2
	0.2
	0.0
	0.1
	0.1
	0.0
	0.0
	-0.6
	-0.1
	-0.3

	Total Ave.
	-1.36
	0.1
	0.0
	-0.3


4.1.2 Complexity – relative encoding/decoding time against the anchor -
Table 3  Summary of Relative Encoding Time (%) for Subtest 1 (against the anchor)

	Proponent
	MediaTek
	Microsoft
	NEC
	SKKU/SKT

	Condition
	IO
	LD
	RA
	IO
	LD
	RA
	IO
	LD
	RA
	IO
	LD
	RA

	All Classes
	92
	98
	100
	100
	100
	100
	102
	101
	100
	101
	100
	101

	Total Ave.
	97
	100
	101
	101


Table 4  Summary of Relative Decoding Time (%) for Subtest 1 (against the anchor)

	Proponent
	MediaTek
	Microsoft
	NEC
	SKKU/SKT

	Condition
	IO
	LD
	RA
	IO
	LD
	RA
	IO
	LD
	RA
	IO
	LD
	RA

	All Classes
	105
	102
	103
	99
	98
	98
	101
	100
	100
	100
	100
	100

	Total Ave.
	103
	98
	100
	100


4.1.3 Comments/Remarks from Cross Checkers

NEC: SKKU/SKT cross-check results will be presented in either the revised version of this document or the other input contribution JCT-VC C161 because of its cross-check delay. SKKU/SKT distributed a wrong version of their proposal software to their cross-checker NEC. SKKU/SKT requested NEC to re-run simulation by using the correct version on Sep. 26th. NEC accepted it. SKKU/SKT also requested TE10 coordinators to potentially report their cross-check results in the other JCT-VC contribution. NEC inspected SKKU/SKT’s software and confirmed that their deblocking is implemented on the top of TEN deblocking filter of TMuC 0.7 software. No problem was found in their software. Indeed, the software is well arranged by using a macro “SKKU_DEBLOCKING_FILTER” in TypeDef.h so that it can be easily inspected. NEC verified that there is no mismatch between Class C, D and E encoder and decoder YUVs which were tested by Oct. 1st. NEC also got the exactly same BD-PSNR and BD-Rate results as those of SKKU/SKT’s. Further cross-verification results will be updated on Oct. 4th.

Ericsson: Ericsson checked that there are no software problems with Mediatek's software and there is no mismatch between the encoder and decoder YUVs. Ericsson got the same BD-rate results as Mediatek. However, the results for encoding and decoding times are quite different for some test cases and similar for other test cases. The main reason of the run time difference is expected to be the machines variations. Ericsson and Mediatek are running a part of the experiments on the same machine in order to analyze the run time differences. The detail of their cross-verification results will be reported in JCTVC-C156.
SKKU/SKT: SKKU/SKT checked Microsoft's software and found no software problem. SKKU/SKT verified there is no mismatch between encoder and decoder YUVs. SKKU/SKT have verified that their results exactly match with those provided Microsoft. SKKU/SKT obtained a similar encoding and decoding time comparison results. The detail of their cross-verification results will be reported in JCTVC-C131.
Microsoft: Microsoft finished the cross-verification of NEC's proposal. The running had no problem and Microsoft got the exactly same rate/PSNR results as NEC provided. The encoding/decoding time behavior is also similar to what NEC provided.
4.2 Subtest 2: Wiener-based in-loop filters
Note: Since Qualcomm’s proposal is the same as the anchor, other proposals are compared against Qualcomm’s proposal.
4.2.1 Coding efficiency

Table 5  Summary of BD-Rate (Y) for Subtest 2 (positive value means loss)

	Proponent
	MediaTek
	Sharp
	Toshiba

	Condition
	LD
	RA
	LD
	RA
	LD
	RA

	All Classes
	0.3
	0.1
	-0.4
	-0.4
	0.5
	0.5

	Total Ave.
	0.2
	-0.4
	0.5


4.2.2 Complexity – relative encoding/decoding time against the anchor -
Table 6  Summary of Relative Encoding Time (%) for Subtest 2 (against the anchor)

	Proponent
	MediaTek
	Sharp
	Toshiba

	Condition
	LD
	RA
	LD
	RA
	LD
	RA

	All Classes
	101
	101
	100
	100
	100
	100

	Total Ave.
	101
	100
	100


Table 7  Summary of Relative Decoding Time (%) for Subtest 2 (against the anchor)

	Proponent
	MediaTek
	Sharp
	Toshiba

	Condition
	LD
	RA
	LD
	RA
	LD
	RA

	All Classes
	101
	103
	96
	96
	98
	99

	Total Ave.
	102
	96
	99


4.2.3 Complexity – number of encoding passes -
Table 8  Summary of Worst Case Number of Encoding Passes for Subtest 2

	Proponent
	Anchor (Qualcomm)
	MediaTek
	Sharp
	Toshiba

	Condition
	LD
	RA
	LD
	RA
	LD
	RA
	LD
	RA

	All Classes
	16
	16
	2
	2
	16
	16
	2
	2

	Total Ave.
	16
	2
	16
	2


4.2.4 Comments/Remarks from Cross Checkers

Toshiba used TMuC v0.7.1 as anchor and the basis of Toshiba’s implementation of its proposal.

MediaTek and MERL: Toshiba’s results are slightly different from cross checkers’ results for 14 test points out of 124.  Operating environment of the proponent is Windows and cross checkers’ environment is Linux.
MediaTek: Sharp’s results are exactly matched with cross checker’s results.
Qualcomm: MediaTek’s results are exactly matched with cross checker’s results.
4.3 Subtest 3: Image clipping and offset
4.3.1 Coding efficiency

Table 9  Summary of BD-Rate (Y) for Subtest 3 (positive value means loss)

	Proponent
	MediaTek/Shapr
	MediaTek

	Condition
	LD
	RA
	LD
	RA

	All Classes
	-0.4
	-0.6
	-2.0
	-1.2

	Total Ave.
	-0.5
	-1.6


4.3.2 Complexity – relative encoding/decoding time against the anchor -
Table 10  Summary of Relative Encoding Time (%) for Subtest 3 (against the anchor)

	Proponent
	MediaTek/Sharp
	MediaTek

	Condition
	LD
	RA
	LD
	RA

	All Classes
	100
	102
	101
	102

	Total Ave.
	101
	102


Table 11  Summary of Relative Decoding Time (%) for Subtest 3 (against the anchor)

	Proponent
	MediaTek/Sharp
	MediaTek

	Condition
	LD
	RA
	LD
	RA

	All Classes
	102
	106
	109
	109

	Total Ave.
	104
	109


4.3.3 Comments/Remarks from Cross Checkers

Toshiba: MediaTek/Sharp’s results are slightly different from cross-checker’s results for several points.
Sharp: MediaTek’s results are ….
5 Conclusion

In TE10, ten proposals are evaluated based on the test conditions. The results are summarized according to coding efficiency and complexity. Since these results may be compared with the TE12 results, it is suggested to consider these results when creating Test Model.

TE10 coordinators and participants greatly appreciate the meeting host to prepare the viewing equipment and a test expert, Dr. Vittorio Baroncini, to assist conducting informal subjective viewing.
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